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Abstract
Bioterrorism has received a lot of attention in the first decade of this century. Biological agents are considered attractive weapons for bioterrorism as these are easy to obtain, comparatively inexpensive to produce and exhibit widespread fear and panic than the actual potential of physical damage. Bacillus anthracis (B. anthracis), the etiologic agent of anthrax is a Gram positive, spore forming, non-motile bacterium. This is supposed to be one of the most potent BW agents because its spores are extremely resistant to natural conditions and can survive for several decades in the environment. B. anthracis spores enter the body through skin lesion (cutaneous anthrax), lungs (pulmonary anthrax), or gastrointestinal route (gastrointestinal anthrax) and germinate, giving rise to the vegetative form. Anthrax is a concern of public health also in many countries where agriculture is the main source of income including India. Anthrax has been associated with human history for a very long time and regained its popularity after Sept 2001 incidence in United States. The present review article describes the history, biology, life cycle, pathogenicity, virulence, epidemiology and potential of B. anthracis as biological weapon. 
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Core tip: Anthrax is primarily a zoonotic disease which is caused by Bacillus anthracis (B. anthracis) and for human it has both, public health as well as biodefence importance. Anthrax has been known since ancient times; however it acquired attention as biological warfare disease after 2001 incidence in United States. B. anthracis is supposed to be the most potent BW agent because of its hardy spores, various modes of infection and high mortality rate. Understanding about the life cycle, virulence, pathogenicity and detection and diagnosis of B. anthracis is important to curb the disease.
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INTRODUCTION
Bacillus anthracis (B. anthracis), the causative organism of anthrax is a Gram-positive spore forming bacillus commonly found in soil of endemic areas. Anthrax is a zoonotic disease which is mainly associated with herbivores and domestic animals. The disease occurs regularly in countries where widespread vaccination of animals is not practiced. Human anthrax is less common and usually spreads to human populations through close occupational proximity to infected livestock by handling infected domestic animals including cattle and goats or their products like skin, meat, hides and bones. This bacterium can infect humans by cutaneous, gastrointestinal, or respiratory routes[1]. B. anthracis exists in two forms, vegetative cells (inside the host) and spores for persistence in the soil or environment[2]. In the soil, B. anthracis is generally found in endospore form where it can remain viable for decades in this form. As B. anthracis forms spores that can be aerosolized and sprayed to spread disease, the potential use of this bacterium as a bioterrorism agent has long been suspected. However, the events in 2001 have confirmed that bioterrorism is no longer a threat but a reality[3]. Owing to its highly pathogenic nature and spore forming capability, B. anthracis is considered as one of the most important biological warfare agents[4,5].

There are two major virulence factors in B. anthracis, poly--D-glutamic acid capsule and a tripartite toxin[6]. Pathogenic B. anthracis bacteria produce capsule which mimics the immune system of host by masking the bacteria from macrophages[7]. The tripartite toxin of anthrax consists of three independently secreted proteins, i.e., protective antigen (PA), lethal factor (LF) and edema factor (EF)[8,9]. Anthrax toxin is a binary A-B toxin, where PA acts as the binding (B) domain and LF and EF act as active (A) domains individually to form the binary toxins lethal toxin (LTx) and edema toxin (ETx), respectively[10]. After ingestion or coming in contact with skin lesions, bacteria multiply and within a few days or weeks cause the death of human or animal host.

Anthrax is not a major issue of health in developed countries as only a few incidences are reported from such countries. However, for developing countries whose economy is mainly agriculture dependent, cutaneous anthrax is still a major concern of health. India ranks first in having the world’s largest livestock population. Therefore, animal anthrax is common in several regions in India. However, only a few intermittent cases of human anthrax are reported from the Southern states[11]. Human cutaneous anthrax is a concern of public health in some states like Orissa and Andhra Pradesh[12]. 

HISTORY OF ANTHRAX

Anthrax, caused by B. anthracis is a highly contagious and fatal. Anthrax has a long association with human history and was known in Europe (1190-1491 BC) and China (3000 BC). Anthrax was described in the early literature of the Greeks, Romans and Hindus. The name anthrax was derived from the Greek word “anthrakis” which means coal because coal black skin lesions are formed in cutaneous form of anthrax. The description of fifth plague of Egypt, an epidemic of ancient Egypt in the book of Genesis (1491 BC), which exterminated the Egyptian livestock including cattle, sheep, goats, camels, horses and donkeys without affecting the Israelites livestock, may be due to anthrax. The disease described by Virgil (29 BC) in his third Georgics (selection of poems on agriculture and animal husbandry) seems to be anthrax in domestic and wild animals as it was an economically important agricultural disease in Europe during the 16th to the 18th centuries[13]. 

In 19th century, research on anthrax led to a lot of medical developments. In 1850, Pierre Rayer first described filiform bodies (small rods, about half the length of a red blood corpuscle) in the blood of sheep that had died due to anthrax. Casimir-Joseph Davaine in 1863 suggested that the “corpuscles” were the etiology of anthrax that could be transmitted to sheep, horses, cattle, guinea pigs, and mice by subcutaneous inoculation of infected blood[14]. Tiegel and Klebs in 1864 demonstrated that anthrax-infected blood, if filtered through a clay candle (bacterial filter), lost its infectivity, while the deposit on filter remained infective[15]. These observations in absence of culture of the organism strongly supported the concept that the causative agent of anthrax was a living organism that multiplied in the body, invaded the blood stream, and produced death by septicaemia. Robert Koch derived his three postulates for germ theory of disease considering anthrax as prototype. In 1876, he conclusively proved that B. anthracis was the etiological agent of anthrax by applying his postulates for the first time during his research in Wollstein, Germany[16]. Thus, anthrax was the first disease whose causative agent was established as microbial agent. After isolating the anthrax bacteria from skin lesions of sheep, he obtained the pure cultures by growing the bacilli on the aqueous humor of ox’s eye, and injected the bacteria into healthy sheep. He performed another experiment by growing pure cultures of rods from the aqueous humor of an ox’s eye. By studying, drawing and photographing these cultures, he recorded the multiplication of the bacilli and found that under unfavourable environmental conditions, especially under conditions of oxygen deprivation, they produced round spores within themselves. The spores return to bacilli when growth conditions are favourable, proving the spore formation as self-protective mechanism of B. anthracis. Thus, by now it was clear how certain pastures or agriculture areas became dangerous. When any animal dies from anthrax infection, the infected blood and body fluids comes out in soil from the natural orifices of animal. The bacteria, which are in the vegetative form in the blood, convert into spores on exposure to air. These spores are extremely resistant to natural conditions and could remain dormant in the soil for decades. These spores remain available to cause new infections among susceptible animals that graze in the field.

Pasteur et al[17] proved the buried cadavers of anthrax infected animals as important origin of new infections. They further revealed that spores from buried soil could be transported to the upper surface by the activities of earthworms[18]. He also confirmed Koch’s discovery of the anthrax germ. He found that chickens were immune to anthrax, and postulated that it was because of high body temperature (43 ℃-44 ℃) of chickens. On lowering the body temperature to 37 ℃, chickens became susceptible to anthrax. For vaccination, Pasteur heated the anthrax germs and inoculated 25 sheep. He used the heated anthrax bacteria to inoculate sheep and found that all sheep survived (only one pregnant sheep died due to some other complications), whereas all un-inoculated sheep died after one or two days of challenge with virulent B. anthracis. Pasteur proved that the weakened anthrax lost its virulence but still could confer immunity and this technique was termed as “vaccination”. Thus, first live bacterial vaccine was developed for anthrax by Pasteur et al[17]. During 1876-1877, a devastating anthrax outbreak affected several sheep and cattle in France’s livestock. By that time, rod-shaped B. anthracis was established as the causative agent of anthrax by Robert Koch. However, still many people believed that instead of bacterium itself, some toxic substance produced by B. anthracis was causing the disease. But, Pasteur finally proved that anthrax was caused by living B. anthracis and not by some toxic substance. 

Anthrax was also known as woolsorters’ disease. Prior to 1837, no specific disease had been associated with wool. However, after that a large number of cases occurred in and around Bradford, England and the name Bradford disease became synonymous with woolsorters’ disease. In 1879, Bell proved that woolsorters’ disease (now inhalational anthrax) was due to anthrax[19]. This led to institution of Bradford rules which in 1897 became law. Consequently, incidences of inhalation anthrax among sorters decreased significantly. In 1913, Eurich found that blood contamination was the important factor in woolsorters’ disease[20]. Blood seemed to serve as a glue to bind anthrax spores to the raw product. Washing of wool removed soil, dried serum and blood but anthrax spores remained adherent. Elimination of inhalation anthrax as an industrial hazard followed passage of the Anthrax Prevention Act in 1919. This law mandated the construction of a decontamination station in Liverpool whereby all dangerous wool and hair products entering England were disinfected with formaldehyde[21]. 

During 1979-1980, the world’s largest ever recorded outbreak of anthrax occurred in Zimbabwe during the civil war. In a two-year period, over 9400 cutaneous anthrax cases, including 182 fatalities were reported. Before the war, anthrax was endemic in Zimbabwe and only a few cases of anthrax were reported. Number of human anthrax cases increased significantly during this period because lack of food due to civil war in country forced people to handle and eat anthrax infected animals. Anthrax being a zoonotic disease, it first appeared in cattle and then spread in human population in all the affected areas of Zimbabwe. 

Anthrax has been supposed to be developed for use as a bioweapon during world war-1 and world war-Ⅱ. Recently, in 2001, envelopes containing the B. anthracis organism were sent through the mail to different dignitaries in United States affecting 22 people. This was considered as an act of bioterrorism[3].

BIOLOGY OF B. ANTHRACIS
B. anthracis is a Gram positive, rod-shaped, aerobic, facultative anaerobic, sporulating, capsulated bacterium. It measures 1-1.2 m in width and 3-5 m in length. Under microscope, it appears as chain like structure. Though an aerobic organism, yet B. anthracis can survive in anaerobic environment because of its property of sporulation. In fact, it can survive for several years in soil, air and water in the form of spores. Unaffected to harsh environment, spores are resistant to high temperature, pressure, pH, chemicals, UV and deficiency of nutrients[22-24]. The capsule is composed of -linked poly-D-glutamic acid which gives mucoid appearance to the colony. Formation of capsule decides the virulence of bacteria. The capsule itself is non-toxic and doesn’t provoke immune system of the host. However, it contributes significantly in establishing the infection, once the organism escapes phagocyte action, later phase of disease is controlled by anthrax toxin[25]. 

Pathogenic strains of B. anthracis harbour two virulent plasmids[26]. Plasmid pXO1 carries toxins encoding genes and plasmid pXO2 carries capsule encoding genes. Size of pXO1 is 184.5 kb that harbours three structural genes, pag (coding for PA), lef (coding for lethal factor) and cya, coding edema factor[1]. Plasmid pXO1 also encodes atxA gene which regulates the expression of gene encoded on pXO1 and pXO2. Another plasmid pXO2 is 95.3 kb in size and carries the genes for capsule production, degradation and regulation. Genes capB, capC and capA code for capsule synthesis, and gene dep codes for its degradation[1]. A gerX operon is also present on plasmid pXO1 and its deletion affects the germination of spores in macrophages. The operon codes for three proteins GerXA, GerXB and GerXC. These proteins are supposed to form a receptor, which specifically detects germinant within the host[27].

POTENCY OF BACILLUS ANTHRACIS AS BIOWARFARE AGENT

Anthrax was linked to soil contamination long before the identification of B. anthracis as its causative agent[14,16]. Spores can resist prolonged exposure to stress as desiccation, solvents and extreme temperature, pressure, pH, ultraviolet and ionizing radiation[28,29]. Spores of Bacillus genus are known to have a half life of about 100 years[30]. Spores are dormant form of the bacterium which returns into vegetative form on receiving the signals for germination. The surprisingly resistant spores have earned the status of potential bio-terror weapon for anthrax. The possibility to create aerosol from spores makes B. anthracis a lethal biological weapon. All the attributes of spores: high resistance to temperature, pressure, pH, ionizing radiations and half life of 100 years make them a suitable bio-terror agent. After production and purification, anthrax spores can be stored in a dry form which remains viable for decades. Spores may survive in the water, soil and on surface for several years. Inhalation of spores causes inhalational anthrax which is the most dangerous form of disease. Inhalational anthrax is dangerous for obvious reasons as initial symptoms resemble to that of flu, making its early diagnosis difficult; by the time disease is correctly recognized it’s too late. 

The use of microorganisms as a means of waging war or as bioterror agents is becoming a real possibility now around the world. Any biological agent from a large gamut of human infection causing pathogens could be considered a potential biological weapon. However, only a small number of these agents fulfil the desirable criteria like ease of cultivation and dispersal or dissemination for recognition as possible biological weapons. Anthrax spores pose the biggest bioterrorism threat because it is easier to produce and preserve them. Anthrax spores have already been used in United States and in future also it is most likely preferable agent to be used for biothreat because of high case fatality rates, rapid transmission by aerosol and its stability in the environment. The release of any bio-warfare agent by a militant or miscreant would likely be silent and untraceable or nearly so. Therefore, of the recognized possible biological weapons, anthrax bacilli are rated the most lethal.

Naturally, anthrax is a zoonotic disease, which primarily occurs in animals and then spreads to human. Several animal species like cattle, goat and sheep are susceptible to this disease. A major public health preparedness challenge is increasing the importance of recognition of individual, potential sentinel cases of biothreat agent disease. According to CDC norms, B. anthracis is placed in high priority- Category A due to its ease of dissemination, high mortality rates, epidemic potential and special preparedness it requires. In 2001, mails deliberately contaminated with B. anthracis spores were used to terrorize people and subsequently research for the development of anthrax vaccine speeded up. Moreover, each category A biothreat agent has its unique clinical and diagnostic features and no single system can meet the challenges of all the agents. Besides, anthrax is still a concern of human as well as veterinary public heath in several states of country like India. Bioterrorism itself is an emerging problem for public health. Hence, it is not possible to look into bioterrorism and public health separately. Rather, it is the need of time to give more emphasis on such diseases which have both the potential. 

DOSE-RESPONSE RELATIONSHIP 

The information on dose-response relationship is prerequisite for assessment of risk of any biothreat agent. The LD50 of human inhalational anthrax is not known, but has been estimated from the animal studies and disease outbreaks. After conducting experiments on 1236 cynomolgus monkeys (Macaca fascicularis), Glassman estimated the median lethal dose to be 4130 spores with 95%CI range of 1980-8630[31]. Further, he suggested that LD25 was associated with a 10-fold decrease in dose i.e., 413 spores. In 1957 in Manchester, 16 susceptible workers were exposed to B. anthracis in a goat hair processing mill and 4 persons were infected. Based on the 8-h inhaled dose, LD50 of B. anthracis was estimated to be 6200-22000 spores[32]. The infectious dose for inhalational anthrax in 50% of susceptible human population (ID50) was estimated to be 8000-50000 spores by biodefense experts from the United States Army Institute of Infectious Diseases (USAMRIID, Fort Detrick, MD)[33]. In 1998, a panel of seven subject matter experts on anthrax calculated the ID10, ID50 and ID90 as 1000-2000 spores, 8000 to 10000 spores and 50000 to 100000 spores, respectively[34]. Another group extrapolated the lethal dose (LD50) values of 4100 spores[31] and 8000 spores[33] and suggested an LD10 of 50 or 98; an LD5 of 14 or 28, an LD2 of four or seven, and an LD1 of one or three spores[35]. Although they did not establish the validity of extrapolation, yet they cautioned about the low number of spores.

Theoretically, even a single spore of B. anthracis can cause anthrax. However, in the low dose range, there is high uncertainty between the dose-response relationships of aerosolized B. anthracis for human. Recently, on the basis of experimental data on primates and epidemiological data of human anthrax, a new quantitative model known as Exposure-Infection-Symptomatic illness-Death (EISD) has been suggested for the dose-response as well as time course of pulmonary anthrax in human[36]. According to this model, the ID50, ID10 and ID1 of B. anthracis spores were 11000 (95%CI: 7200-17000), 1700 (1100-2600) and 160 (100-250), respectively. The ID50 (7200-17000) and ID10 (1100-2600) confidence ranges produced by this model were remarkably consistent with the corresponding ranges produced by an expert panel surveyed in 1998, i.e., 8000-10000 and 1000-2000, respectively[34]. The confidence range of ID1 from 100-250 spores as suggested by this model indicates that a threshold of 600 B. anthracis spore to human infection is underestimated and infection by even a single spore is overestimated in the literature. This model also suggested the median incubation time from exposure to onset of symptoms. For exposure with ID50 of B. anthracis spores, it was 9.9 d with 95%CI of 7.7 to 13.1 d, where as for ID10 and ID1, it was 11.8 (95%CI: 9.5-15) d and 12.1 (95%CI: 9.9-15.3) d, respectively. 

DIFFERENT STRAINS OF BACILLUS ANTHRACIS
Three well known strains of B. anthracis are Ames, Sterne and Vollum. Ames is a well studied, highly virulent strain containing both plasmids, i.e., pXO1 and pXO2. Originally it was isolated from a dead cow in Texas in 1981. Its geographic region is United States and United Kingdom. Another isolate of Ames strain is Florida which was first isolated from a victim of anthrax attack in 2001[37,38]. B. anthracis Sterne is a toxigenic but avirulent strain as it carries the anthrax toxin plasmid pXO1 but lacks the capsule forming plasmid pXO2[39]. This strain is generally used for vaccine development for animals. Its geographic region is in Canada[37,38]. In contrast to Sterne, Pasteur strain carries pXO2 plasmid but not pXO1. Vollum is low virulent strain used in research studies and is found in the United Kingdom, Spain and Zimbabwe[37]. Along with Vollum and Sterne, strain V770 is also used for toxin production and various research related studies.

B. anthracis belongs to Bacillus cereus sensu lato group, shared by six other species including B. cereus, Bacillus mycoides, Bacillus pseudomycoides, Bacillus thuringiensis, Bacillus weihenstephanensis, and Bacillus cytotoxicus[40]. B. cereus primarily causes foodborne illness. Besides, B. cereus is considered as an opportunistic pathogen that can cause wound infections, endocarditis and urinary tract infections in humans. Recent studies indicate that a Bacillus species other than B. anthracis can cause anthrax-like disease and a few B. cereus strains have been found to be associated with “anthrax like” infections in human[41,42]. In India, a B. cereus strain TF5 was isolated from the tissue fluid of cutaneous anthrax-like skin lesions of a human patient from an anthrax endemic area in India[43,44]. The strain harboured a PA gene, however, the pXO1 or pXO2-like plasmids were not present. Exoproteome analysis exhibiting qualitative and quantitative differences between the two strains indicated an altered regulatory mechanism and putative role of S-layer protein and sphingomyelinase in the pathogenesis of strain TF5[43]. 

EPIDEMIOLOGY OF ANTHRAX

B. anthracis bacteria are very fragile and susceptible to disinfectant or exposure to moderate temperature. However, B. anthracis vegetative cells convert into spores on exposure to air. These spores are highly resistant to heat and to most of the disinfectants. Therefore, post-mortem of anthrax infected animals is never recommended to avoid the exposure of bacteria to oxygen. A peculiar feature of anthrax infection in animals is that blood does not clot and drains from the natural orifices like nose, mouth and bowl. This results in contamination of soil and water with bacteria which ultimately transform into spores[45]. As much as 109 B. anthracis bacteria may be present in the oozing blood[46]. Even the processed parts and products like leather, hides, wool, etc., of an anthrax infected animal can carry spores for year. The spores can remain viable for a prolonged period in the soil, especially when deposited 15 cm below the upper soil levels.

Environmental and climatic factors have a great influence on the ecology of anthrax[47]. Climatic factors like rainfall and temperature play a pivotal role in incidences of anthrax cases[48]. However, it is not easy to understand the anthrax occurrence and its epidemiology due to large variations in timing of different outbreaks and associated deaths of a particular species even within a single ecosystem[49]. It has been hypothesized that some soil factors like alkaline pH, high organic content, moisture, and ambient temperature (in excess of 15.5 ℃) favor the germination of B. anthracis spores into vegetative bacteria, which ultimately results into amplification of number of spores[22]. It has been observed that high pH and high contents of calcium in soil contribute to maintain the spores viable for a longer time. These soil spores cause new infections when come into contact of a suitable new host[22,50,51]. Therefore, alkaline pH of soil, high moisture and organic contents, precipitation and ambient temperature in excess of 15 ℃ are deciding factors for triggering a large anthrax outbreak and can be considered to predict exposure and infection risk of anthrax in a particular area[48]. During grazing, herbivores animals are most likely to be exposed to B. anthracis spores by inhalation or ingestion during grazing. It has been observed that B. anthracis bacteria need specific nutrients (animal blood, viscera) and physiological conditions and therefore it is very difficult to survive outside a viable host and convert into spores. Moreover, the vegetative cells of B. anthracis are poor competitor and are easily killed by other bacterial species outside the host in environment. Moreover, virulence of B. anthracis is reduced when grown outside the host and bacteria with reduced virulence will not lead to an outbreak[22]. 

According to an estimate, every year about 2000 to 20000 human anthrax cases occur globally. Apart from India and Pakistan, anthrax has also been reported from Bangladesh, Zimbabwe, United States, South Africa, Iran, Iraq and Turkey. In India, southern states are more prone to anthrax. Reports of anthrax appear almost every year from Andhra Pradesh, Tamil Nadu and Karnataka but exact figures are not available. In 1980s, there were only 2000 cases reported worldwide most of them were of cutaneous anthrax. Most of the anthrax cases recorded were from the persons involved in industrial occupations related to processing of animal parts and products like meat packing, bone meal processing, tanning of leather and sorting of hair wool[52]. Several outbreaks have been recorded in recent history. Anthrax outbreaks in animals are more prominent and common than humans. From 1991 to 1996, a total of 1612 anthrax outbreaks occurred in India. In Nepal, a total of 222 animals were affected during 19 different outbreaks in 1996[53]. In 1996, about 1570 cases of ruminant anthrax were reported in China. The death of 204 livestock in Australia was reported in 1997[54]. From 1984 to 1989, thousands of wild animals were killed in an anthrax epidemic in Namibia and South Africa[53]. In Iran, about one million sheep were killed during an anthrax outbreak in 1945. In Manchester, United States, a large anthrax epidemic occurred in 1957 in a goat hair processing plant resulting in four fatalities and nine cases[55]. In Russia during 1979, an unusual, accidental anthrax outbreak in a Soviet military laboratory of Sverdlovsk killed 68 persons out of 79 infected[56]. In Zimbabwe, 10000 cases occurred between 1979 and 1980 leading to 182 deaths. In Tibet, 507 anthrax cases resulted in 162 deaths in 1989 and in China, 898 and 1210 anthrax cases were recorded in 1996 and 1997, respectively. Between 1991 and 1995, a relatively large number of anthrax incidences was observed in Spain[49,57], Central America[57] and Africa[53]. In most of the cases, exposure was through cutaneous route which accounts for a total of 95% cases. The inhalational route accounts for 5% anthrax cases reported, while gastrointestinal anthrax is quite rare[58,59]. In 2007, a few animal and human cases of anthrax were reported from Orissa and West Bengal, India[60]. The most recent anthrax cases were found in 2010 in Bangladesh. More than 600 peoples were killed in the outbreak due to consumption of infected cattle meat[61]. 

As India stands first in having the largest population of livestock in the world, therefore anthrax is endemic in several regions. Based on the epidemiological study from 1991 to 2010 by National Animal Disease Referral Expert System (NADRES) in India, anthrax was found one of the ten major diseases causing deaths in livestock[62]. During 1991-2010, anthrax was reported in eighteen states of India viz., Andhra Pradesh, Assam, Bihar, Chhattisgarh, Gujrat, Himachal Pradesh, Jammu and Kashmir, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Manipur, Meghalaya, Odisha, Rajasthan, Tamil Nadu, and West Bengal. Although several regions are endemic for anthrax, yet seasonal fluctuation in the number of anthrax outbreaks has been observed. Most of the anthrax outbreaks are reported in post-monsoon season, i.e., from July to September and November to January in different parts of India. Anthrax epidemics are generally reported between July to September and also in November and January, coinciding with the post monsoon months across the country. Several Southern states such as Andhra Pradesh, Tamil Nadu, Kerala, Karnataka and Orissa are common endemic regions with sporadic human anthrax cases reported time to time. From the Union Territory of Pondicherry, 28 cases of anthrax were detected in 1999 and 2000[45]. Both, animal as well as human anthrax cases are reported usually from certain anthrax endemic districts like Chittoor, Cuddapah, Guntur, Prakasam and Nellore of Andhra Pradesh[63]. In 2006, some cases were noticed near Narsinghpur, Madhya Pradesh also. In 2007, 20 people were affected in two cutaneous anthrax outbreaks in Murshidabad district, West Bengal. These anthrax outbreaks were caused due to slaughtering of sick cattle and subsequently handling of meat without taking proper preventive measures[64]. An increase in number of animal and human anthrax cases has been observed in this area in recent past[65]. During a tenure of 10 years, anthrax outbreak were reported at least 61 times from Orissa affecting 750 people[65]. The anthrax outbreak is a common phenomenon in this area because tribal population mainly depends on forest for livelihood. Most of the human anthrax cases occur in agricultural workers due to handling of meat or hides of diseased animal. An anthrax outbreak was reported in Orissa, India in 2013 where several people died due to consumption of infected goat meat[66]. Recently, nine cutaneous anthrax cases were reported from the tribal population of Midnapur, West Bengal in India[67]. 
VIRULENCE OF B. ANTHRACIS
Anthrax, being a disease of mainly herbivorous is generally prevalent in those areas where animals like cattle, horse, sheep, goat, etc., graze. Several animal species like pigs, dogs, cats, rats and chicken are fairly resistant to anthrax. Many scavenging birds like vultures which feed on dead animals have a natural resistance to anthrax. However, such birds may disseminate the anthrax spores from infected animals through claws, beaks or feathers.

The spores of B. anthracis that can remain in the environment for a prolonged time become the infectious form of anthrax. For causing anthrax, spores first germinate, i.e., lose their dormancy and resistance properties, regain metabolism and start vegetative growth[68,69]. After getting favourable environmental and nutritional growth condition, spores convert into vegetative bacteria and result in further multiplication. Human skin generally does not permit spores to invade; however, spores find access through small cuts or abrasion in skin to cause cutaneous anthrax. After entry into host, B. anthracis remains in the capillaries of invaded organs and produce lethal and edema toxins which cause the local and fatal effects of infection. 

TOXINS OF B. ANTHRACIS
In soil, B. anthracis is found in its highly resistant en-dospore form and therefore, can remain live for a very long period in this state. Spores of B. anthracis can find entry in the body through lungs, skin lesion or gastrointestinal route and germinate to yield vegetative form. In case of cutaneous infections, B. anthracis comes into contact with a skin lesion, or cut. In inhalational cases, herbivorous and sometimes humans are infected after inhalation of spores. After inhalation, these spores reach alveoli of lungs through air passages. Generally, herbivores get gastrointestinal anthrax infection during grazing or browsing an anthrax spore infested agricultural field having spiky or rough vegetation. Gastrointestinal tract of animals probably gets wounds due to eating of spiky vegetation which facilitates the entry of spores into tissues and resulting in gastrointestinal anthrax.

The virulence of B. anthracis is attributed to a tripartite anthrax toxin and a poly-D-glutamic acid capsule. After entry into the host through ingestion or skin wounds, B. anthracis multiply inside the tissues of animal or human host, spread in the lymphatic system and undergo rapid multiplication. This results in production of anthrax toxin inside the body and causes death of host within a few days or weeks.

Capsule formed by the virulent B. anthracis vegetative cells helps the bacterium to evade the host immune system by impeding the ability of macrophages to engulf and destroy the bacteria[7]. Three non-toxic proteins namely PA, LF and EF of anthrax tripartite toxin co-assemble to produce a series of free or cell-bound toxic complexes[8,9,70]. Two of the toxins, LF and EF, are enzymes that modify substrates within the cytosolic compartments of host cells[71]. PA binds on the receptors of host cells and makes a pore for transportation of LF and EF to the cytosol[72]. Thus, anthrax toxin is an A-B type toxin, where PA acts as B subunit and it combines with the LF and EF, which act as A subunits to form the edema toxin and lethal toxin, respectively[10,17]. 

Anthrax PA is an 83 kDa precursor polypeptide consisting of 735 amino acids which binds to anthrax toxin receptors. There are two distinct toxin cell receptors, ANTXR1 (TEM8, Tumor endothelial marker 8) and ANTXR2 (CMG2, Capillary morphogenesis protein 2) which are widely expressed in cells[73,74]. Cleavage of PA by cellular proteases of the furin family, or by serum proteases generates a nicked 20 kDa fragment (PA20) at N-terminal and a 63 kDa fragment (PA63) at C-terminal[75,76]. The 63 kDa fragment self-associates to form a prepore which is a heptameric ring and can bind up to three copies of EF and/or LF molecules[6]. A smaller population of PA octamers (20%-30% of oligomers) is also formed, which binds up to four molecules of EF and/or LF and this structure is more stable than heptamer[77]. These hetero-oligomeric complexes are endocytosed and brought to an acidic environment, where the PA prepore makes a translocase channel after inserting into the membrane[78]. This channel is used for translocation of LF and EF into the cytosol, where by enzymatic activities they disrupt the host cell[79]. Both, LF and EF toxins reach the late endosomal compartment, where EF remains associated with the late endosomal membranes that surrounds the nucleus forming a perinuclear necklace and LF is ejected into the cytoplasm[80,81].

LF is a zinc dependent metalloprotease which inac-tivates the members of mitogen-activated protein kinase kinase family (MAPKK)[82-84]. Inactivation of three major MEKs i.e., extracellular signal regulated kinases, c-Jun N-terminal kinases and p38 MAPKs results in impairment of various cellular processes like cell division, cell differentiation, cellular response to different types of stress and ultimately apoptosis[17]. 

Another protein EF is has adenylate cyclase activity. It is produced in an inactive form by the bacterium and needs calcium modulated protein (calmodulin, CaM) for its activity[71]. CaM, which acts as Ca2++ sensor has two Ca2++ binding sites on each of the C- and N-terminal domain. CaM binds with helical domain of EF using its N-terminal domain. EF is a highly active and its adenylate cyclise activity is almost equal to that of most active known cyclase. Activity of EF is also regulated by intracellular level of Ca++ in a biphasic manner. Resting or little high levels of Ca++ activate the EF via CaM, whereas high levels of Ca2++ reduce its activity due to competition between Ca++ and Mg++ ion in the EF active site[85]. Because EF is associated with the perinuclear later endosomal membrane, therefore, a cAMP gradient decreasing from the nucleus to plasma membrane is generated[80,81,86]. Contrary, endogenous host adenylate cyclises generate a cAMP gradient in opposite orientation (decreasing from plasma membrane to nucleus) because these are localized on plasma membrane[86,87]. In anthrax infection, these two toxins are responsible for immune system failure and ultimate death of host[9]. 

PATHOGENESIS OF B. ANTHRACIS
Human anthrax is mainly of two types, agriculture related anthrax that occurs in a seasonal pattern, and occupation related that can occur at any time. On the basis of route of infection, there are three clinical forms of anthrax viz., cutaneous (skin), gastrointestinal (ingestion) and pulmonary (through inhalation of spores)[88]. Recently, another type of anthrax has been identified among the heroin injecting drug users Europe[89,90]. The term injectional anthrax was then coined to describe this new mode of infection. A few anthrax cases have been reported due to insect bites also, which could probably be due to feeding of insect on an anthrax infected animal[91,92]. Once inside the mammalian host, the high nutrient content of the body triggers germination of spores, although there may be host-specific germination factors as well[93]. Sporulation does not appear to occur inside the host[94]; perhaps because once the available nutrients are depleted in the dead or dying host, the oxygen tension is too low for Sporulation[95] or possibly due to the repression of sporulation by the virulence gene regulator AtxA[96]. Spores infect macrophages at the site of entry, germinate into vegetative cells and proliferate into the tissues and start producing anthrax toxin within 3 h of spore germination[93]. 

Cutaneous anthrax infection starts with a small itching papule resembling an insect bite at the site of infection on skin. In a day or 2, this papule enlarges and transforms into a painless ulcer with a depressed necrotic centre and a raised and round edge. Generally, such lesions are formed with 2-5 d at the site of spore entry on skin. Finally, after 7-10 d, a black eschar, surrounded by edema is formed and this leaves permanent scar after anthrax cure[97]. Regional lymph nodes draining the infected area may be swollen and enlarged. Cutaneous anthrax infection mostly remains painless and limited to dermis. However, in certain cases it can become systemic when bacteria enter into blood stream causing bacterimia. Hemorrhagic lesions can be developed on any part of body and can be fatal in bacteremic anthrax. 

Gastrointestinal (GI) anthrax occurs by eating the food contaminated with anthrax spores (most often contaminated meat). After ingestion, spores germinate and can cause lesions anywhere in the body. Based on the lesions, GI anthrax is of two types, abdominal and oropharyngeal. In abdominal GI anthrax, lesions are formed mainly in the ileum and cecum. The incubation period is generally 3-7 d. The symptoms of abdominal GI anthrax include nausea, bloody vomiting, diarrhea, abdominal pain, headache, loss of appetite and massive ascites. Another variant of intestinal anthrax is oropharyngeal anthrax where lesions are formed mainly in the oral cavity and resemble the lesions of cutaneous anthrax. Symptoms include throat pain, problem in swallowing and swelling in neck due to edema and cervical lymphadenopathy[97]. 

Pulmonary or inhalational anthrax occurs by inh-alation of spores into lungs. This is the most severe form of anthrax. Alveolar macrophages ingest the spores and transport to lymph nodes in mediastinum. Initially, symptoms of inhalation anthrax are like cold or flu-like with mild chest discomfort, shortness of breath, nausea and finally severe respiratory collapse. Pulmonary anthrax doesn’t cause pneumonia, but causes hemorrhagic mediastinitis and pulmonary edema. Historical, mortality was 92%, but, it can be reduced significantly if treated early as only 45% mortality was observed during the 2001 anthrax attack in United States. 

Symptoms of anthrax caused by injection remain the same as in cutaneous anthrax, but there may be infection deep under the skin or in the muscle where the drug is injected. Sometimes there is redness at the area of injection. Injectional anthrax is difficult to diagnose because several other common bacteria can cause skin and injection site infections. Therefore, it is hard to treat injectional anthrax as it spreads throughout the body very fast. 

There are two basic stages in the systemic anthrax infection, a prodromal and fulminant. The prodromal stage is mainly asymptomatic and generally lasts 2-4 d[98]. In this stage, macrophages engulf the spores and release to lymph nodes near the port of entry. Behaviour of macrophages and phagocytic cells is changed due to action of anthrax toxins resulting in the apoptosis and release and germination of spores into vegetative bacteria. In the fulminant stage, bacteria multiply and are distributed to different organs through bloodstream[99,100]. In human inhalation anthrax, treatment is started after the onset of fulminant stage because prodromal stage is largely asymptomatic. The symptoms at fulminate stage are flu-like and include labored breathing, chest pain, hypotension, headache and disorientation[55,99-102]. Bacteria secrete anthrax toxins which affect functioning of different organs like spleen, lymph nodes, liver, kidney, heart and brain. It becomes very difficult to cure the disease by antibiotic therapy at this stage and action of anthrax toxins ultimately leads to septic shock and death of host in 1-2 d. 

LIFE CYCLE OF B. ANTHRACIS
B. anthracis is found in two forms, vegetative cells and spores. Adverse environmental conditions induce the sporulation and endospores are released from the mother vegetative cells. The endospores are dormant, well organized and highly resistant to various stress conditions. Therefore, these endospores can remain viable for a prolonged time in the environment and can germinate into vegetative bacteria after getting the suitable envir-onmental and nutritional requirements. During both the processes, i.e., sporulation and germination, a lot of metabolical as well as morphological changes are observed. For spore formation, B. anthracis bacterium is divided asymmetrically by a septum into forespore (smaller portion) and mother cells (larger portion). Each portion gets a single copy of DNA. After the asymmetric division, forespore is engulfed by the mother cell with a double-membrane system. The mother cell DNA material is degraded and forespore DNA material is surrounded an inner membrane. Two peptidoglycan layers known as primordial germ cell wall (inner thin layer) and the cortex (outer thick layer) are synthesized between the inner and the outer membrane of forespore[103,104]. The outer membrane of forespore gets deposited by various proteins to form the coat. Thickness of spore coat varies among different species of Bacillus. In B. anthracis and B. cereus, the spore coat is compact whereas it can be distinguished in B. subtilis[105,106]. During spore maturation, spore acquires resistance for temperature and UV radiations and becomes dormant. Thus, spore coat imparts important functions to protect cortex and DNA of spore from various adverse conditions like environmental stress, chemicals and peptidoglycan lysing enzymes. 

The life cycle of B. anthracis has been shown in Figure 1. Animals get infected by uptake of anthrax endospores present in the agriculture fields. Inside the mammalian host, endospores find the favourable conditions like aqueous environment with sufficient nutrients and therefore, start germination[107]. During anthrax pathogenesis, transformation of spore into vegetative cell is a crucial step, because it is the vegetative form of bacterium only which forms the virulent factors, i.e., capsule and tripartite toxin[27]. The poly--D glutamic acid capsule of B. anthracis makes a complex surface of the bacterium and is surrounded by peptidoglycan layer and S-layers[108]. The capsule evades the host immune system and thus is a crucial factor for the survival of the bacteria in the host. On death, the capsulated bacteria are released with blood into the environment through natural orifices. On coming into contact with oxygen, the vegetative bacteria convert into spores and thus again infest the agriculture fields for subsequent anthrax infection in grazing animals. 

DIAGNOSIS OF ANTHRAX

As various outbreaks are reported time to time from different areas, there is a great need of an early diagnosis of the disease to save human and animal life. Besides, requirement of rapid and reliable detection, identification and diagnosis systems for anthrax has been emphasized by recent bioterrorism events. The early monitoring of the disease requires the detection of anthrax spores and infection both at environmental and clinical levels. 

Cutaneous anthrax is diagnosed clinically employing traditional microbiological methods like gram-staining, capsule staining from the smear of the lesion or culturing of B. anthracis[109,110]. Several methods have been reported for isolation and identification of B. anthracis. However, on sheep Blood agar (5%) and other routine culture media, almost all Bacillus species grow well[111]. A selective media containing polymyxin-B, lysozyme, EDTA and thallous acetate was used for isolation of B. anthracis from contaminated and suspected samples[112]. Another media (bicarbonate agar) is used to induce capsule formation for subsequent identification of B. anthracis. However, there is very little utility of these selective growth media because several closely related bacteria of B. anthracis like B. cereus and B. subtilis also grow well on these media. Another undesirable feature is that it takes 18-24 h for B. anthracis to grow for characterization by various biochemical tests like catalase, oxidase, nitrate reduction, haemolysis, citrate utilization, urease[113]. Sometimes, microbiological methods like culture and Gram staining of B. anthracis do not hold good for patients who have already taken antibiotics before the sample[114]. Immunoflorescence has also been used for direct identification of B. anthracis spores[115].

Serodiagnosis is important for surveillance and confirmation of anthrax infection in animals and human. Anthrax toxin consists of PA, LF and EF. Antibodies response against these toxin components is used as a diagnostic tool for determination of past infection or vaccination.

It is well established that PA is the most important protein of anthrax tripartite toxin and it becomes the major component of anthrax vaccines including anthrax vaccine adsorbed. Therefore, antibody (IgG) levels against PA in human and animals are determined to study the host immune response to B. anthracis infection and anthrax vaccine[116,117]. In United States, a total of 22 individuals were identified with bioterrorism-related inhalation or cutaneous anthrax, 11 patients for each type from 4th October to 20th November 2001[118]. In 16 of 17 confirmed or suspected clinical anthrax patients, anti-PA IgG antibody could be detected after 11 d of onset of symptoms or probably 15 d after the exposure to B. anthracis. Antibodies against PA could be detected up to 8-16 mo in all the cases of inhalation anthrax and 7 out of 11 surviving cutaneous anthrax patients[118]. For serodiagnosis of cutaneous anthrax, an enzyme-linked immunosorbent assay was developed in India for determination of anti-PA IgGs with 99.4% specificity and 100% sensitivity[119]. A field based qualitative visual ELISA for anti-PA IgG was also developed for serodiagnosis of anthrax[120]. Results of sensitivity and specificity of visual ELISA were found compatible with the results obtained from standard ELISA measuring OD values. Likewise, a quantitative ELISA was developed for measurement of the anti-PA IgG level in human serum samples[121]. The minimum detection limits and lower limits of quantification of the assay for anti-PA IgG were 3.2 g/mL and 4 g/mL, respectively. The serum samples collected from the anthrax infected patients were found to have anti-PA IgG concentrations of 5.2 to 166 g/mL[121]. CDC, United States has developed a lateral flow immunochromatographic device using colloidal gold nanoparticles for determination of anti-PA IgG in serum or whole blood[122]. 

However, animal studies with anthrax vaccine revealed that LF evokes higher IgG response in comparison to PA in animals[123]. In patients of natural cutaneous anthrax, immune response to LF is higher and faster than the antibody response to EF and PA, which is lower and delayed[124]. Anti-LF IgG antibodies appeared in patients just after 4 d of onset of anthrax symptoms, whereas anti-LF and anti-PA IgG could be detected after 6 d and 13 d, respectively. In a study of human cutaneous anthrax, 11 of the 17 patients had measurable IgGs against one of the three toxin components. Anti-LF IgG was found in 65% patients, while anti-PA and anti-EF response could be found only in 18% and 24% patients. The anti-LF IgG titre in all the infected patients was higher than the titre of anti-PA or anti-EF IgG. After two weeks of infection, the mean anti-LF IgG titre in all infected patients was 69.3 g/mL, which was twice the tire of anti-EF IgG (37.4 g/mL) and thrice the titre of anti-PA IgG (22.6 g/mL)[124]. It was also observed that in anthrax cases, class switching of antibody from IgM to IgG occurs faster. Anti-PA IgG could be detected just after 11 d of onset of symptoms in patients with inhalation anthrax, while no anti-PA IgG response was found till 21-34 d in patients with cutaneous anthrax[117]. Therefore, it is evident that LF evokes a faster and stronger host immune response in comparison to the other two anthrax toxins, i.e., PA or EF. Therefore, detection of anti-LF IgG in human serum can be a good marker for serodiagnosis of anthrax. For detection of anti-LF antibodies, an indirect ELISA was developed for serodiagnosis of cutaneous anthrax in human[125]. The vaccinated and cases of natural anthrax infection can be differentiated by the anti-LF ELISA because PA is the principal component in anthrax vaccine. 

Rapid diagnosis of anthrax at an early stage of infection i.e., before the appearance of symptoms can be very useful for proper medical treatment to stop the further spread of infection and accumulation of toxins. For early diagnosis, detection of anthrax toxin in serum or plasma can be a reliable marker of infection[126]. An ultra sensitive immunoassay known as European Nanoparticle Immuno Assay (ENIA) has been developed using European nanoparticle for the detection of PA in sera, which has been found 100 times more sensitive than ELISA[85]. ENIA showed good linearity for detection of PA in the range of 10 pg/mL to 100 pg/mL, whereas range of PA detection in ELISA was 1-100 ng/mL. An engineered sandwich capture ELISA was also reported for the detection of both PA as well as LF[127]. In the sandwich ELISA for PA detection, anti-PA high affinity single chain fragment antibody or receptors for anthrax toxin (ANTXR2) were used for capturing the analyte (PA), and rabbit anti-PA polyclonal serum was used for revealing antibodies. The detection sensitivity of PA by was as low as 1 ng/mL in serum. The detection sensitivity of sandwich ELISA for LF, where PA63 was used for capturing of analyte was 20 ng/mL. Surface Plasmon Resonance (SPR) has also been found a very good technique for detection of PA from serum samples of human[128]. The SPR assay could detect 1 pg/mL of the purified PA and 10 pg/mL of PA in human serum[128].

Recently, a new method utilizing genetically modified phages has been developed for detection of pathogenic B. anthracis from clinical sources[129]. The reporter phage displays species specificity by its inability, or significantly reduced ability, to detect members of the closely related B. cereus group and other common bacterial pathogens. 

Nucleic acid based detection methods have also been developed for detection of anthrax. These techniques make use of nucleic acid sequences unique to B. anthracis. The technique has gained enormous popularity for its specificity. Polymerase chain reaction (PCR) or real-time PCR amplify the specific chromosomal markers or virulence plasmids present in the B. anthracis. Such new rapid detection and diagnostic tests are important for clinicians for early identification of infection.

CONCLUSION

Anthrax, caused by B. anthracis is still an important endemic disease of public health importance in several countries of Asia, Africa and Europe. It is re-emerging in some western countries due to political unrest or changing life style (use of intravenous drugs) as evident from the recent outbreaks. In country like India, anthrax is a concern of public health as clandestinely encountering in several states like Andhra Pradesh, Kerala and Karnataka, Orissa and West Bengal. Although anthrax can be cured by prompt antibiotic therapy, yet it is fatal in several cases because of lack of proper diagnosis well in time. Among the three clinical forms of anthrax cutaneous anthrax is most frequent but can be easily cured. The other two forms, gastrointestinal and inhalational anthrax are less common but difficult to cure and have high mortality rate. Recently another form of anthrax, i.e., injectional anthrax is also posing threats for early diagnosis and treatment. However, active surveillance, proper animal immunization and awareness can help to curb the disease. Rapid and accurate diagnosis of cutaneous anthrax is crucial for treatment well in time and making strategies for further spread and control of disease. Although a lot of molecular tests are available for anthrax, yet this is difficult to employ these systems keeping in mind the available resources at far off locations where anthrax is endemic. Therefore, rapid, user friendly, inexpensive serodiagnosis tests can be important tools for surveillance of anthrax and active surveillance can help to minimize the agriculture or occupation related anthrax. 

ACKNOWLEDGMENTS

We are thankful to Director, Defence Research and Development Establishment (DRDE), Defence Research and Development Organization (DRDO), Ministry of Defence, Gwalior for providing necessary facilities and funds for this research work. 

REFERENCES

1
Dixon TC, Meselson M, Guillemin J, Hanna PC. Anthrax. N Engl J Med 1999; 341: 815-826 [PMID: 10477781 DOI: 10.1056/NEJM199909093411107]

2
Santelli E, Bankston LA, Leppla SH, Liddington RC. Crystal structure of a complex between anthrax toxin and its host cell receptor. Nature 2004; 430: 905-908 [PMID: 15243628 DOI: 10.1038/nature02763]

3
Jernigan JA, Stephens DS, Ashford DA, Omenaca C, Topiel MS, Galbraith M, Tapper M, Fisk TL, Zaki S, Popovic T, Meyer RF, Quinn CP, Harper SA, Fridkin SK, Sejvar JJ, Shepard CW, McConnell M, Guarner J, Shieh WJ, Malecki JM, Gerberding JL, Hughes JM, Perkins BA. Bioterrorism-related inhalational anthrax: the first 10 cases reported in the United States. Emerg Infect Dis 2001; 7: 933-944 [PMID: 11747719 DOI: 10.3201/eid0706.010604]

4
Kamboj DV, Goel AK, Singh L. Biological Warfare Agents. Defence Sci J 2006; 56: 495-506

5
Atlas RM. Bioterriorism: from threat to reality. Annu Rev Microbiol 2002; 56: 167-185 [PMID: 12142472 DOI: 10.1146/annurev.micro.56.012302.160616]

6
Collier RJ, Young JA. Anthrax toxin. Annu Rev Cell Dev Biol 2003; 19: 45-70 [PMID: 14570563 DOI: 10.1146/annurev.cellbio.19.111301.140655]

7
Ezzell JW, Welkos SL. The capsule of bacillus anthracis, a review J Appl Microbiol 1999; 87: 250 [PMID: 10475959 DOI: 10.1046/j.1365-2672.1999.00881.x]

8
Mock M, Mignot T. Anthrax toxins and the host: a story of intimacy. Cell Microbiol 2003; 5: 15-23 [PMID: 12542467 DOI: 10.1046/j.1462-5822.2003.00253.x]

9
Turk BE. Manipulation of host signalling pathways by anthrax toxins. Biochem J 2007; 402: 405-417 [PMID: 17313374 DOI: 10.1042/BJ20061891]

10
Singh Y, Klimpel KR, Goel S, Swain PK, Leppla SH. Oligo-merization of anthrax toxin protective antigen and binding of lethal factor during endocytic uptake into mammalian cells. Infect Immun 1999; 67: 1853-1859 [PMID: 10085027]

11
Rao TN, Venkatachalam K, Ahmed K, Padmaja IJ, Bharthi M, Rao PA. A mini-outbreak of cutaneous anthrax in Vi-zianagaram District, Andhra Pradesh, India. Indian J Dermatol Venereol Leprol 2009; 75: 416-418 [PMID: 19584478 DOI: 10.4103/0378-6323.53158]

12
Kumar A, Kanungo R, Badrinath S. Anthrax in Pondicherry, South India. J Med Microbiol 2000; 49: 1129 [PMID: 11129726]

13
Dirckx JH. Virgil on anthrax. Am J Dermatopathol 1981; 3: 191-195 [PMID: 7023266 DOI: 10.1097/00000372-198100320-00012]

14
Davaine CT. Recherches sun les infusoires du sang dans la maladie conmce scule nom de sang de rate. C R Acad Sci 1863; 47: 351-386

15
Topley WWC, Wilson GS, Miles AA. Topley and Wilson’s Principles of bacteriology and immunity. 5th ed. Baltimore: Williams & Wilkins, 1964

16
Koch R. Die Aetiologie der Milzbrand-Krankheit, begründet auf die Entwicklungsgeschichte des Bacillus anthracis. Beiträge zur Biologie der Pflanzen 1876; 2: 277-310

17
Pasteur L, Chamberland CF, Roux E. Compte rendu sommaire des expériences faites à Pouilly-le-Fort, près Melun, sur la vaccination charbonneuse. Comptes Rendus des séances De L’Académie des Sciences 1881; 92: 1378-1383

18
Guichard A, Nizet V, Bier E. New insights into the biological effects of anthrax toxins: linking cellular to organismal responses. Microbes Infect 2012; 14: 97-118 [PMID: 21930233 DOI: 10.1016/j.micinf.2011.08.016]

19
Bell JH. On Anthrax and Anthracaemia in Wool-Sorters, Heifers, and Sheep. Br Med J 1880; 2: 656-657 [PMID: 20749691 DOI: 10.1136/bmj.2.1034.656]

20
Eurich FW. Anthrax in the Woollen Industry, with Special Reference to Bradford. Proc R Soc Med 1913; 6: 219-240 [PMID: 19977235]

21
Laforce FM. Woolsorters’ disease in England. Bull N Y Acad Med 1978; 54: 956-963 [PMID: 361121]

22
Dragon DC, Rennie RP. The ecology of anthrax spores: tough but not invincible. Can Vet J 1995; 36: 295-301 [PMID: 7773917]

23
Dutz W, Kohout-Dutz E. Anthrax. Int J Dermatol 1981; 20: 203-206 [PMID: 6792089 DOI: 10.1111/j.1365-4362.1981.tb00461.x]

24
Ibrahim KH, Brown G, Wright DH, Rotschafer JC. Bacillus anthracis: medical issues of biologic warfare. Pharmacotherapy 1999; 19: 690-701 [PMID: 10391414 DOI: 10.1592/phco.19.9.690.31543]

25
Turnbull PC. Definitive identification of Bacillus anthracis-a review. J Appl Microbiol 1999; 87: 237-240 [PMID: 10475956 DOI: 10.1046/j.1365-2672.1999.00876.x]

26
Koehler TM, Dai Z, Kaufman-Yarbray M. Regulation of the Bacillus anthracis protective antigen gene: CO2 and a trans-acting element activate transcription from one of two promoters. J Bacteriol 1994; 176: 586-595 [PMID: 8300513]

27
Mock M, Fouet A. Anthrax. Annu Rev Microbiol 2001; 55: 647-671 [PMID: 11544370 DOI: 10.1146/annurev.micro.55.1.647]

28
Gould GW. Recent advances in the understanding of resistance and dormancy in bacterial spores. J Appl Bacteriol 1977; 42: 297-309 [PMID: 18433 DOI: 10.1111/j.1365-2672.1977.tb00697.x]

29
Russell AD. Bacterial spores and chemical sporicidal agents. Clin Microbiol Rev 1990; 3: 99-119 [PMID: 2187595]

30
Halvorson HO. Two generations of spore research: from father to son. Microbiologia 1997; 13: 131-148 [PMID: 9253754]

31
Glassman HN. Discussion. Bacteriol Rev 1966; 30: 657-659 [PMID: 16350199]

32
Dahlgren CM, Buchanan LM, Decker HM, Freed SW, Phillips CR, Brachman PS. Bacillus anthracis aerosols in goat hair processing mills. Am J Hyg 1960; 72: 24-31 [PMID: 13813720]

33
United States Army Medical Research Institute of Infectious Diseases. United States Army Medical Research Institute of Infectious Diseases’s Medical Management of Biological Casualties Handbook. Washington, DC: US Government Printing Office, 2011

34
Rickmeier GL, McClellan GE, Anno GA. Biological warfare human response modeling. Mil Oper Res 2001; 6: 35-57 [DOI: 10.5711/morj.6.3.35]

35
Peters CJ, Hartley DM. Anthrax inhalation and lethal human infection. Lancet 2002; 359: 710-711 [PMID: 11879895 DOI: 10.1016/S0140-6736(02)07792-9]

36
Toth DJ, Gundlapalli AV, Schell WA, Bulmahn K, Walton TE, Woods CW, Coghill C, Gallegos F, Samore MH, Adler FR. Quantitative models of the dose-response and time course of inhalational anthrax in humans. PLoS Pathog 2013; 9: e1003555 [PMID: 24058320 DOI: 10.1371/journal.ppat.1003555]

37
Cummings RT, Salowe SP, Cunningham BR, Wiltsie J, Park YW, Sonatore LM, Wisniewski D, Douglas CM, Hermes JD, Scolnick EM. A peptide-based fluorescence resonance energy transfer assay for Bacillus anthracis lethal factor protease. Proc Natl Acad Sci USA 2002; 99: 6603-6606 [PMID: 11997440 DOI: 10.1073/pnas.062171599]

38
Read TD, Salzberg SL, Pop M, Shumway M, Umayam L, Jiang L, Holtzapple E, Busch JD, Smith KL, Schupp JM, Solomon D, Keim P, Fraser CM. Comparative genome sequencing for discovery of novel polymorphisms in Bacillus anthracis. Science 2002; 296: 2028-2033 [PMID: 12004073 DOI: 10.1126/science.1071837]

39
Demicheli V, Rivetti D, Deeks JJ, Jefferson T, Pratt M. The effectiveness and safety of vaccines against human anthrax: a systematic review. Vaccine 1998; 16: 880-884 [PMID: 9682332 DOI: 10.1016/S0264-410X(98)00023-1]

40
Soufiane B, Côté JC. Discrimination among Bacillus thuringiensis H serotypes, serovars and strains based on 16S rRNA, gyrB and aroE gene sequence analyses. Antonie Van Leeuwenhoek 2009; 95: 33-45 [PMID: 18839329 DOI: 10.1007/s10482-008-9285-4]

41
Hoffmaster AR, Hill KK, Gee JE, Marston CK, De BK, Popovic T, Sue D, Wilkins PP, Avashia SB, Drumgoole R, Helma CH, Ticknor LO, Okinaka RT, Jackson PJ. Characterization of Bacillus cereus isolates associated with fatal pneumonias: strains are closely related to Bacillus anthracis and harbor B. anthracis virulence genes. J Clin Microbiol 2006; 44: 3352-3360 [PMID: 16954272 DOI: 10.1128/JCM.00561-06]

42
Hoffmaster AR, Ravel J, Rasko DA, Chapman GD, Chute MD, Marston CK, De BK, Sacchi CT, Fitzgerald C, Mayer LW, Maiden MC, Priest FG, Barker M, Jiang L, Cer RZ, Rilstone J, Peterson SN, Weyant RS, Galloway DR, Read TD, Popovic T, Fraser CM. Identification of anthrax toxin genes in a Bacillus cereus associated with an illness resembling inhalation anthrax. Proc Natl Acad Sci USA 2004; 101: 8449-8454 [PMID: 15155910 DOI: 10.1073/pnas.0402414101]

43
Ghosh N, Goel AK, Alam SI. Exoproteome analysis of a novel strain of Bacillus cereus implicated in disease resembling cutaneous anthrax. Infect Genet Evol 2014; 22: 1-11 [PMID: 24412723 DOI: 10.1016/j.meegid.2013.12.014]

44
Ghosh N, Alam S, Goel AK. Prevalence of Bacillus cereus strains associated with illness resembling cutaneous anthrax in South India. Int J Infect Dis 2012; 16 Suppl 1: e128 [DOI: 10.1016/j.ijid.2012.05.292]

45
Thappa DM, Karthikeyan K. Cutaneous anthrax: an Indian perspective. Indian J Dermatol Venereol Leprol 2002; 68: 316-319 [PMID: 17656987]

46
Turnbull PC. Introduction: anthrax history, disease and ecology. Curr Top Microbiol Immunol 2002; 271: 1-19 [PMID: 12224519 DOI: 10.1007/978-3-662-05767-4_1]

47
Blackburn JK, McNyset KM, Curtis A, Hugh-Jones ME. Modeling the geographic distribution of Bacillus anthracis, the causative agent of anthrax disease, for the contiguous United States using predictive ecological [corrected] niche modeling. Am J Trop Med Hyg 2007; 77: 1103-1110 [PMID: 18165531]

48
Hampson K, Lembo T, Bessell P, Auty H, Packer C, Halliday J, Beesley CA, Fyumagwa R, Hoare R, Ernest E, Mentzel C, Metzger KL, Mlengeya T, Stamey K, Roberts K, Wilkins PP, Cleaveland S. Predictability of anthrax infection in the Serengeti, Tanzania. J Appl Ecol 2011; 48: 1333-1344 [PMID: 22318563 DOI: 10.1111/j.1365-2664.2011.02030.x]

49
Hugh-Jones ME, de Vos V. Anthrax and wildlife. Rev Sci Tech 2002; 21: 359-383 [PMID: 11974621]

50
Van Ness GB. Ecology of anthrax. Science 1971; 172: 1303-1307 [PMID: 4996306 DOI: 10.1126/science.172.3990.1303]

51
Hugh-Jones M, Blackburn J. The ecology of Bacillus anthracis. Mol Aspects Med 2009; 30: 356-367 [PMID: 19720074 DOI: 10.1016/j.mam.2009.08.003]

52
Hinton MH. Infections and intoxications associated with animal feed and forage which may present a hazard to human health. Vet J 2000; 159: 124-138 [PMID: 10712800 DOI: 10.1053/tvjl.1999.0412]

53
Bhatanagar R, Batra S. The Anthrax Vaccine: Is it safe? Does it work? Crit Rev Microbiology 2001; 27: 167-200

54
Turner AJ, Galvin JW, Rubira RJ, Condron RJ, Bradley T. Experiences with vaccination and epidemiological investigations on an anthrax outbreak in Australia in 1997. J Appl Microbiol 1999; 87: 294-297 [PMID: 10475972]

55
Plotkin SA, Brachman PS, Utell M, Bumford FH, Atchison MM. An epidemic of inhalation anthrax, the first in the twentieth century: I. Clinical features. 1960. Am J Med 2002; 112: 4-12; discussion 2-3 [PMID: 11812400 DOI: 10.1016/S0002-9343(01)01050-6]

56
Abramova FA, Grinberg LM, Yampolskaya OV, Walker DH. Pathology of inhalational anthrax in 42 cases from the Sverdlovsk outbreak of 1979. Proc Natl Acad Sci USA 1993; 90: 2291-2294 [PMID: 8460135 DOI: 10.1073/pnas.90.6.2291]

57
Schmid G, Kaufmann A. Anthrax in Europe: its epidemiology, clinical characteristics, and role in bioterrorism. Clin Microbiol Infect 2002; 8: 479-488 [PMID: 12197870 DOI: 10.1046/j.1469-0691.2002.00500.x]

58
Cinquetti G, Banal F, Dupuy AL, Girault PY, Couderc A, Guyot P, Alauzet C, Oddoux O, Ragot C, Puyhardy JM, Graffin B, Veran Y. Three related cases of cutaneous anthrax in France: clinical and laboratory aspects. Medicine (Baltimore) 2009; 88: 371-375 [PMID: 19910752 DOI: 10.1097/MD.0b013e3181c202fa]

59
Sirisanthana T, Brown AE. Anthrax of the gastrointestinal tract. Emerg Infect Dis 2002; 8: 649-651 [PMID: 12095428 DOI: 10.3201/eid0807.020062]

60
PTI. Four persons die of suspected anthrax in Orissa. The Times of India [updated 2008 Feb 3]. Available from: URL: http://timesofindia.indiatimes.com/india/Four-persons-die-of-suspected-anthrax-in-Orissa/articleshow/2753426.cms

61
Siddiqui MA, Khan MA, Ahmed SS, Anwar KS, Akh-taruzzaman SM, Salam MA. Recent outbreak of cutaneous anthrax in Bangladesh: clinico-demographic profile and treatment outcome of cases attended at Rajshahi Medical College Hospital. BMC Res Notes 2012; 5: 464 [PMID: 22929128 DOI: 10.1186/1756-0500-5-464]

62
Rahman H. Epidemiology of anthrax in India. PD_ADMAS Technical Bulletin. India: Indian Council of Agricultural Research, New Delhi, 2012

63
Sekhar PC, Singh RS, Sridhar MS, Bhaskar CJ, Rao YS. Outbreak of human anthrax in Ramabhadrapuram village of Chittoor district in Andhra Pradesh. Indian J Med Res 1990; 91: 448-452 [PMID: 2091991]

64
Ray TK, Hutin YJ, Murhekar MV. Cutaneous anthrax, West Bengal, India, 2007. Emerg Infect Dis 2009; 15: 497-499 [PMID: 19239777 DOI: 10.3201/eid1503.080972]

65
Patil RR. Anthrax: public health risk in India and socio-environmental determinants. Indian J Community Med 2010; 35: 189-190 [PMID: 20606952 DOI: 10.4103/0970-0218.62573]

66
Herriman R. India: at least 35 people sickened with suspected anthrax In Odisha. Indian Express [accessed 2013 June 12]. Available from: URL: http: //www.theglobaldispatch.com/india-at-least-35-people-sickened-with-suspected-anthrax-in-odisha-92049/

67
Goswami B. Anthrax scare in West Midnapore: Nine persons, including children, have been affected. The Statesman. 2014 June 28. Available from: URL: http://www.thestatesman.net/news/62264-anthrax-scare-in-west-midnapore.html

68
Moir A, Smith DA. The genetics of bacterial spore germination. Annu Rev Microbiol 1990; 44: 531-553 [PMID: 2252393 DOI: 10.1146/annurev.mi.44.100190.002531]

69
Nicholson WL, Setlow P. Sporulation, germination and outgrowth. In: Hardwood CR, Cutting SM, eds. Molecular Biology Methods for Bacillus. Farmingtion: Wiley, 1990: 391-450

70
Young JA, Collier RJ. Anthrax toxin: receptor binding, internalization, pore formation, and translocation. Annu Rev Biochem 2007; 76: 243-265 [PMID: 17335404 DOI: 10.1146/annurev.biochem.75.103004.142728]

71
Leppla SH. Anthrax toxin edema factor: a bacterial adenylate cyclase that increases cyclic AMP concentrations of eukaryotic cells. Proc Natl Acad Sci USA 1982; 79: 3162-3166 [PMID: 6285339 DOI: 10.1073/pnas.79.10.3162]

72
Collier RJ. Membrane translocation by anthrax toxin. Mol Aspects Med 2009; 30: 413-422 [PMID: 19563824 DOI: 10.1016/j.mam.2009.06.003]

73
Bradley KA, Mogridge J, Mourez M, Collier RJ, Young JA. Identification of the cellular receptor for anthrax toxin. Nature 2001; 414: 225-229 [PMID: 11700562 DOI: 10.1038/n35101999]

74
Scobie HM, Rainey GJ, Bradley KA, Young JA. Human capillary morphogenesis protein 2 functions as an anthrax toxin receptor. Proc Natl Acad Sci USA 2003; 100: 5170-5174 [PMID: 12700348 DOI: 10.1073/pnas.0431098100]

75
Omotade TO, Heffron JD, Klimko CP, Marchand CL, Miller LL, Halasahoris SA, Bozue JA, Welkos SL, Cote CK. D-cycloserine or similar physiochemical compounds may be uniquely suited for use in Bacillus anthracis spore decontamination strategies. J Appl Microbiol 2013; 115: 1343-1356 [PMID: 23927578 DOI: 10.1111/jam.12322]

76
Klimpel KR, Molloy SS, Thomas G, Leppla SH. Anthrax toxin protective antigen is activated by a cell surface protease with the sequence specificity and catalytic properties of furin. Proc Natl Acad Sci USA 1992; 89: 10277-10281 [PMID: 1438214]

77
Kintzer AF, Thoren KL, Sterling HJ, Dong KC, Feld GK, Tang II, Zhang TT, Williams ER, Berger JM, Krantz BA. The protective antigen component of anthrax toxin forms functional octameric complexes. J Mol Biol 2009; 392: 614-629 [PMID: 19627991 DOI: 10.1016/j.jmb.2009.07.037]

78
Friedlander AM. Macrophages are sensitive to anthrax lethal toxin through an acid-dependent process. J Biol Chem 1986; 261: 7123-7126 [PMID: 3711080]

79
Abrami L, Reig N, van der Goot FG. Anthrax toxin: the long and winding road that leads to the kill. Trends Microbiol 2005; 13: 72-78 [PMID: 15680766 DOI: 10.1016/j.tim.2004.12.004]

80
Guidi-Rontani C, Weber-Levy M, Mock M, Cabiaux V. Translocation of Bacillus anthracis lethal and oedema factors across endosome membranes. Cell Microbiol 2000; 2: 259-264 [PMID: 11207582 DOI: 10.1046/j.1462-5822.2000.00057.x]

81
Zornetta I, Brandi L, Janowiak B, Dal Molin F, Tonello F, Collier RJ, Montecucco C. Imaging the cell entry of the anthrax oedema and lethal toxins with fluorescent protein chimeras. Cell Microbiol 2010; 12: 1435-1445 [PMID: 20438574 DOI: 10.1111/j.1462-5822.2010.01480.x]

82
Duesbery NS, Webb CP, Leppla SH, Gordon VM, Klimpel KR, Copeland TD, Ahn NG, Oskarsson MK, Fukasawa K, Paull KD, Vande Woude GF. Proteolytic inactivation of MAP-kinase-kinase by anthrax lethal factor. Science 1998; 280: 734-737 [PMID: 9563949 DOI: 10.1126/science.280.5364.734]

83
Park JM, Greten FR, Li ZW, Karin M. Macrophage apoptosis by anthrax lethal factor through p38 MAP kinase inhibition. Science 2002; 297: 2048-2051 [PMID: 12202685 DOI: 10.1126/science.1073163]

84
Vitale G, Pellizzari R, Recchi C, Napolitani G, Mock M, Montecucco C. Anthrax lethal factor cleaves the N-terminus of MAPKKS and induces tyrosine/threonine phosphorylation of MAPKS in cultured macrophages J Appl Microbiol 1999; 87: 288 [PMID: 10475970 DOI: 10.1046/j.1365-2672.1999.00893.x]

85
Tang WJ, Guo Q. The adenylyl cyclase activity of anthrax edema factor. Mol Aspects Med 2009; 30: 423-430 [PMID: 19560485 DOI: 10.1016/j.mam.2009.06.001]

86
Dal Molin F, Tonello F, Ladant D, Zornetta I, Zamparo I, Di Benedetto G, Zaccolo M, Montecucco C. Cell entry and cAMP imaging of anthrax edema toxin. EMBO J 2006; 25: 5405-5413 [PMID: 17082768 DOI: 10.1038/sj.emboj.7601408]

87
Dal Molin F, Zornetta I, Puhar A, Tonello F, Zaccolo M, Montecucco C. cAMP imaging of cells treated with pertussis toxin, cholera toxin, and anthrax edema toxin. Biochem Biophys Res Commun 2008; 376: 429-433 [PMID: 18793614 DOI: 10.1016/j.bbrc.2008.09.012]

88
Goossens PL. Animal models of human anthrax: the Quest for the Holy Grail. Mol Aspects Med 2009; 30: 467-480 [PMID: 19665473 DOI: 10.1016/j.mam.2009.07.005]

89
Price EP, Seymour ML, Sarovich DS, Latham J, Wolken SR, Mason J, Vincent G, Drees KP, Beckstrom-Sternberg SM, Phillippy AM, Koren S, Okinaka RT, Chung WK, Schupp JM, Wagner DM, Vipond R, Foster JT, Bergman NH, Burans J, Pearson T, Brooks T, Keim P. Molecular epidemiologic investigation of an anthrax outbreak among heroin users, Europe. Emerg Infect Dis 2012; 18: 1307-1313 [PMID: 22840345 DOI: 10.3201/eid1808.111343]

90
Hicks CW, Sweeney DA, Cui X, Li Y, Eichacker PQ. An overview of anthrax infection including the recently identified form of disease in injection drug users. Intensive Care Med 2012; 38: 1092-1104 [PMID: 22527064 DOI: 10.1007/s00134-012-2541-0]

91
Bradarić N, Punda-Polić V. Cutaneous anthrax due to penicillin-resistant Bacillus anthracis transmitted by an insect bite. Lancet 1992; 340: 306-307 [PMID: 1353216 DOI: 10.1016/0140-6736(92)92395-V]

92
Turell MJ, Knudson GB. Mechanical transmission of Bacillus anthracis by stable flies (Stomoxys calcitrans) and mosquitoes (Aedes aegypti and Aedes taeniorhynchus). Infect Immun 1987; 55: 1859-1861 [PMID: 3112013]

93
Guidi-Rontani C, Weber-Levy M, Labruyère E, Mock M. Germination of Bacillus anthracis spores within alveolar macrophages. Mol Microbiol 1999; 31: 9-17 [PMID: 9987105 DOI: 10.1046/j.1365-2958.1999.01137.x]

94
Jones WI, Klein F, Walker JS, Mahlandt BG, Dobbs JP, Lincoln RE. In vivo growth and distribution of anthrax bacilli in resistant, susceptible, and immunized hosts. J Bacteriol 1967; 94: 600-608 [PMID: 6068144]

95
ROTH NG, LIVERY DH, HODGE HM. Influence of oxygen uptake and age of culture on sporulation of Bacillus anthracis and Bacillus globigii. J Bacteriol 1955; 69: 455-459 [PMID: 14367301]

96
Bongiorni C, Stoessel R, Shoemaker D, Perego M. Rap phosphatase of virulence plasmid pXO1 inhibits Bacillus anthracis sporulation. J Bacteriol 2006; 188: 487-498 [PMID: 16385039 DOI: 10.1128/JB.188.2.487-498.2006]

97
Burke AC. Anthrax. 2008 Available from: URL: http: //emedicine.medscape.com/article/212127-overview

98
Ross JM. The pathogenesis of anthrax following the administration of spores by the respiratory route. J Pathol Bacteriol 1957; 73: 485-494 [DOI: 10.1002/path.1700730219]

99
Grinberg LM, Abramova FA, Yampolskaya OV, Walker DH, Smith JH. Quantitative pathology of inhalational anthrax I: quantitative microscopic findings. Mod Pathol 2001; 14: 482-495 [PMID: 11353060 DOI: 10.1038/modpathol.3880337]

100
Albrink WS, Brooks SM, Biron RE, Kopel M. Human inhalation anthrax. A report of three fatal cases. Am J Pathol 1960; 36: 457-471 [PMID: 13792449]

101
Holty JE, Kim RY, Bravata DM. Anthrax: a systematic review of atypical presentations. Ann Emerg Med 2006; 48: 200-211 [PMID: 16857469 DOI: 10.1016/j.annemergmed.2005.11.035]

102
Holty JE, Bravata DM, Liu H, Olshen RA, McDonald KM, Owens DK. Systematic review: a century of inhalational anthrax cases from 1900 to 2005. Ann Intern Med 2006; 144: 270-280 [PMID: 16490913 DOI: 10.7326/0003-4819-144-4-200602210-00009]

103
Betty JM, Shafa F, Gerhardt P. Structural details of anthrax spores during stages of transformation into vegetative cells. J Bacteriol 1966; 92: 220-228

104
Tipper DJ, Linnett PE. Distribution of peptidoglycan synthetase activities between sporangia and forespores in sporulating cells of Bacillus sphaericus. J Bacteriol 1976; 126: 213-221 [PMID: 1262302]

105
Santo LY, Doi RH. Ultrastructural analysis during germination and outgrowth of Bacillus subtilis spores. J Bacteriol 1974; 120: 475-481 [PMID: 4213660]

106
Driks A. Maximum shields: the assembly and function of the bacterial spore coat. Trends Microbiol 2002; 10: 251-254 [PMID: 12088650 DOI: 10.1016/S0966-842X(02)02373-9]

107
Setlow B, Cowan AE, Setlow P. Germination of spores of Bacillus subtilis with dodecylamine. J Appl Microbiol 2003; 95: 637-648 [PMID: 12911713 DOI: 10.1046/j.1365-2672.2003.02015.x]

108
Mesnage S, Tosi-Couture E, Gounon P, Mock M, Fouet A. The capsule and S-layer: two independent and yet compatible macromolecular structures in Bacillus anthracis. J Bacteriol 1998; 180: 52-58 [PMID: 9422592]

109
Ivins BE, Welkos SL, Little SF, Crumrine MH, Nelson GO. Immunization against anthrax with Bacillus anthracis protective antigen combined with adjuvants. Infect Immun 1992; 60: 662-668 [PMID: 1730501]

110
Iacono-Connors LC, Welkos SL, Ivins BE, Dalrymple JM. Protection against anthrax with recombinant virus-expressed protective antigen in experimental animals. Infect Immun 1991; 59: 1961-1965 [PMID: 1903769]

111
Berg T, Suddes H, Morrice G, Hornitzky M. Comparison of PCR, culture and microscopy of blood smears for the diagnosis of anthrax in sheep and cattle. Lett Appl Microbiol 2006; 43: 181-186 [PMID: 16869902 DOI: 10.1111/j.1472-765X.2006.01931.x]

112
Marston CK, Beesley C, Helsel L, Hoffmaster AR. Evaluation of two selective media for the isolation of Bacillus anthracis. Lett Appl Microbiol 2008; 47: 25-30 [PMID: 18554264 DOI: 10.1111/j.1472-765X.2008.02375.x]

113
Turnbull PCB, Quinn CP, Hewson R, Stockbridge MC, Melling J. Protection conferred by microbially supplemented UK and purified PA vaccines. Salisbury Med Bull 1990; 68: 89-91

114
Ivins BE, Welkos SL, Knudson GB, Little SF. Immunization against anthrax with aromatic compound-dependent (Aro-) mutants of Bacillus anthracis and with recombinant strains of Bacillus subtilis that produce anthrax protective antigen. Infect Immun 1990; 58: 303-308 [PMID: 2105269]

115
Goel AK, Kamboj DV, Singh L. Enrichment and rapid detection of Bacillus anthracis spores by direct immunofluorescence assay. Indian J Microbiol 2005; 45: 269-272

116
Quinn CP, Semenova VA, Elie CM, Romero-Steiner S, Greene C, Li H, Stamey K, Steward-Clark E, Schmidt DS, Mothershed E, Pruckler J, Schwartz S, Benson RF, Helsel LO, Holder PF, Johnson SE, Kellum M, Messmer T, Thacker WL, Besser L, Plikaytis BD, Taylor TH, Freeman AE, Wallace KJ, Dull P, Sejvar J, Bruce E, Moreno R, Schuchat A, Lingappa JR, Martin SK, Walls J, Bronsdon M, Carlone GM, Bajani-Ari M, Ashford DA, Stephens DS, Perkins BA. Specific, sensitive, and quantitative enzyme-linked immunosorbent assay for human immunoglobulin G antibodies to anthrax toxin protective antigen. Emerg Infect Dis 2002; 8: 1103-1110 [PMID: 12396924 DOI: 10.3201/eid0810.020380]

117
Quinn CP, Dull PM, Semenova V, Li H, Crotty S, Taylor TH, Steward-Clark E, Stamey KL, Schmidt DS, Stinson KW, Freeman AE, Elie CM, Martin SK, Greene C, Aubert RD, Glidewell J, Perkins BA, Ahmed R, Stephens DS. Immune responses to Bacillus anthracis protective antigen in patients with bioterrorism-related cutaneous or inhalation anthrax. J Infect Dis 2004; 190: 1228-1236 [PMID: 15346332 DOI: 10.1086/423937]

118
Jernigan DB, Raghunathan PL, Bell BP, Brechner R, Bresnitz EA, Butler JC, Cetron M, Cohen M, Doyle T, Fischer M, Greene C, Griffith KS, Guarner J, Hadler JL, Hayslett JA, Meyer R, Petersen LR, Phillips M, Pinner R, Popovic T, Quinn CP, Reefhuis J, Reissman D, Rosenstein N, Schuchat A, Shieh WJ, Siegal L, Swerdlow DL, Tenover FC, Traeger M, Ward JW, Weisfuse I, Wiersma S, Yeskey K, Zaki S, Ashford DA, Perkins BA, Ostroff S, Hughes J, Fleming D, Koplan JP, Gerberding JL. Investigation of bioterrorism-related anthrax, United States, 2001: epidemiologic findings. Emerg Infect Dis 2002; 8: 1019-1028 [PMID: 12396909 DOI: 10.3201/eid0810.020353]

119
Ghosh N, Goel AK. Anti-protective antigen IgG enzyme-linked immunosorbent assay for diagnosis of cutaneous anthrax in India. Clin Vaccine Immunol 2012; 19: 1238-1242 [PMID: 22718130 DOI: 10.1128/CVI.00154-12]

120
Ghosh N, Tomar I, Goel AK. A field usable qualitative anti-protective antigen enzyme-linked immunosorbent assay for serodiagnosis of human anthrax. Microbiol Immunol 2013; 57: 145-149 [PMID: 23252995 DOI: 10.1111/1348-0421.12014]

121
Ghosh N, Gunti D, Lukka H, Reddy BR, Padmaja J, Goel AK. Development and validation of a quantitative anti-protective antigen IgG enzyme linked immunosorbent assay for serodiagnosis of cutaneous anthrax. Indian J Med Res 2014; In Press

122
Biagini RE, Sammons DL, Smith JP, MacKenzie BA, Striley CA, Snawder JE, Robertson SA, Quinn CP. Rapid, sensitive, and specific lateral-flow immunochromatographic device to measure anti-anthrax protective antigen immunoglobulin g in serum and whole blood. Clin Vaccine Immunol 2006; 13: 541-546 [PMID: 16682473 DOI: 10.1128/CVI.13.5.541-546.2006]

123
Price BM, Liner AL, Park S, Leppla SH, Mateczun A, Galloway DR. Protection against anthrax lethal toxin challenge by genetic immunization with a plasmid encoding the lethal factor protein. Infect Immun 2001; 69: 4509-4515 [PMID: 11401993 DOI: 10.1128/IAI.69.7.4509-4515.2001]

124
Brenneman KE, Doganay M, Akmal A, Goldman S, Galloway DR, Mateczun AJ, Cross AS, Baillie LW. The early humoral immune response to Bacillus anthracis toxins in patients infected with cutaneous anthrax. FEMS Immunol Med Microbiol 2011; 62: 164-172 [PMID: 21401726 DOI: 10.1111/j.1574-695X.2011.00800.x]

125
Ghosh N, Tomar I, Lukka H, Goel AK. Serodiagnosis of human cutaneous anthrax in India using an indirect anti-lethal factor IgG enzyme-linked immunosorbent assay. Clin Vaccine Immunol 2013; 20: 282-286 [PMID: 23269414 DOI: 10.1128/CVI.00598-12]

126
Kobiler D, Weiss S, Levy H, Fisher M, Mechaly A, Pass A, Altboum Z. Protective antigen as a correlative marker for anthrax in animal models. Infect Immun 2006; 74: 5871-5876 [PMID: 16988266 DOI: 10.1128/IAI.00792-06]

127
Mabry R, Brasky K, Geiger R, Carrion R, Hubbard GB, Leppla S, Patterson JL, Georgiou G, Iverson BL. Detection of anthrax toxin in the serum of animals infected with Bacillus anthracis by using engineered immunoassays. Clin Vaccine Immunol 2006; 13: 671-677 [PMID: 16760326 DOI: 10.1128/CVI.00023-06]

128
Ghosh N, Gupta N, Gupta G, Boopathi M, Pal V, Goel AK. Detection of protective antigen, an anthrax specific toxin in human serum by using surface plasma.]n resonance. Diagn Microbiol Infect Dis 2013; 77: 14-19 [PMID: 23773677 DOI: 10.1016/j.diagmicrobio.2013.05.006]

129
Schofield DA, Sharp NJ, Vandamm J, Molineux IJ, Spreng KA, Rajanna C, Westwater C, Stewart GC. Bacillus anthracis diagnostic detection and rapid antibiotic susceptibility determination using ‘bioluminescent’ reporter phage. J Microbiol Methods 2013; 95: 156-161 [PMID: 23994352 DOI: 10.1016/j.mimet.2013.08.013]

P- Reviewer: Kayabas U, Vaughan G    S- Editor: Ji FF    L- Editor: A    E- Editor: Lu YJ
FIGURE LEGENDS

[image: image1.png]%ﬁg(" if» ’/j’)’

Animal grazing in anthrax Animal deat
Spore infested field oo o th el s (wpto10°
8. anthracis per mL blood)

N - 4}

‘and infest agriculture fields





Figure 1  Life cycle of B. anthracis. B. anthracis: Bacillus anthracis.
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