CHAPTER I
INTRODUCTION
Anthrax is a highly infectious zoonotic disease caused by the gram positive bacterium Bacillus anthracis which is regularly affects herbivores and domestic livestock in countries where widespread vaccination of animals is not practiced (http://www.promedmail.org). It is a Gram-positive, rod-shaped nonmotile bacterium, the only obligate aerobic pathogen in the genus Bacillus. It has both vegetative and spore forms. Within low oxygen environment of the host, the organisms exclusively remain in the vegetative form.  When conditions are not conducive to growth and multiplication, the vegetative forms start to form spores. Sporulation requires the presence of free oxygen. Spores are formed in cultures, in the soil, and in the tissues and exudates of dead animals. Spores are ellipsoidal or oval and are centrally located and are markedly resistant to biological extremes of heat, cold, pH, desiccation, chemicals, irradiation and other such adverse conditions (Joklik et al., 1992, Titball et al., 1991, de Vos and Turnbull 2004). The organism appears to be one of the most monomorphic species known, i.e. isolates from any source or geographical location are almost identical phenotypically and genotypically (Keim et  al.  2000 and Kobuch et al. 1990). 
Anthrax is a severe problem in southern and eastern India and is considered hyper endemic in many countries of Africa. In the Middle East, the disease is sporadic. But due to successful national programs a progressive global reduction in animal anthrax cases over the past three decades, therefore it is now absent or only sporadic in the West Europe and the North America (WHO 2008). Although anthrax is primarily a disease of herbivores, reports of its occurrence in a wide range of  omnivores,  carnivores  and  other  vertebrates  are not entirely uncommon, although outbreaks affecting  large  numbers  of  carnivorous  animals  are  very rare. Humans are moderately resistant to anthrax and the incidence of anthrax in humans is low. However, there are basically 3 forms of anthrax found in human, called ‘malignant carbuncle’ or a systemic disease called ‘woolsorters disease’. The organism gains entrance to the body by ingestion, inhalation or through the skin. Reported human: animal case ratios in a country reflect the economic condition, quality of surveillance, social traditions and dietary behavior.  Whereas in northern Europe, there has been one human infection per 10 livestock cases, in Africa and Asia, there can be some 10 human cases per one livestock infection (Keim and Smith 2002).
In Bangladesh, anthrax in animal is locally known as ‘Torka’ and is believed to  be  enzootic  in Bangladesh. Sixty two animal infections were recorded with 69% deaths from Pabna milk shed areas during 1980-84. In another report, there were found to be 333 animal cases during 1989-96 from Bangladesh. A number of outbreaks of animal anthrax were reported during 2009-10 infecting 140 cattle and goat in different districts. To prevent anthrax vaccination is practiced in the country since long. Various reports indicate that the disease is more prevalent in areas-Pabna, irajganj and Tangail having greater cattle population). (Chakraborty et al, 2009 and Samad 1986)                                                                                                                                                                                                                                                                                                     
In the bovine, anthrax often occurs as an acute febrile disease without obvious localization, although sub-acute disease with throat swellings may be encountered in tropical countries, possibly through buccal lesions from chewing infected bones (Sterne, 1959).  A steep rise in temperature is a typical sign, and irritability may be followed by dullness. If no treatment is given, death usually occurs in 2–3 days with the animal showing cramp like symptoms and shivering. The urine may be blood-stained and blood may exude from the rectum and other natural openings. Often advanced signs are minimal, and the apparently healthy animal may fall in an apoplectic seizure and die within a few minutes to a few hours. The course of these events is more protracted in more resistant species or in immunized animals when the protective effect of the vaccine is wearing off. In studies on immunized laboratory animals, this has been shown to be associated with reduced terminal bacteraemia and reduced circulating toxin (Turnbull, 1990). 
For most circumstances the simplest, quickest and best on-site diagnostic method is examination of a polychrome methylene blue stained blood smear for the capsulated bacilli supported. Characteristic capsulated bacilli, often square-ended (“box-car”) in appearance and in chains of two to a few, in smears of blood or tissue fluids are diagnostic. Besides, isolation and identification of Bacillus anthracis is recommended where possible. Modern onsite anthrax-specific antigen tests have been devised but remain to be developed commercially. Genetically-based confirmation by the polymerase chain reaction (PCR) is becoming increasingly accepted on a stand-alone basis for many types of specimen and is increasingly available worldwide through commercial kits. Retrospective diagnosis by enzyme-linked Immunosorbent assay (ELISA) in animals that have survived infection is possible, but specific antigen for this is expensive and the test is more a research tool than of practical day-to-day value in the field (WHO, 2008).

In the present study, carcass of an 11montgh old calf having a history of sudden death was examined at necropsy which drew suspicion to Bacillus anthracis infection. The exudates and blood stained fluids were examined bacteriologically and section of spleen tissue was subjected to histopathology. The results from bacteriological and histopathological study have confirmed the suspected case as Anthrax.   

The objective of the present study was to appear in a confirmatory diagnosis of the suspected anthrax infection in the dead calf using bacteriological and histopathological techniques. 
CHAPTER II
REVIEW OF LITERAURE

Species of animals:

Depending upon species of animals infection with anthrax varies greatly. Each animal species has a characteristic pattern in the development of septicemia, with death occurring when circulating bacilli reach a characteristic concentration which, in turn, is directly correlated to the toxin level  in  blood.  An  inverse  relationship  was  noted between  resistance  to  infection  and  susceptibility to the anthrax toxin complex( Lincoln et al. 1967)
Wise  &  Kennedy  (1980)  noted  that  new  South Wales,  Australia,  could  be  divided  into  a  northern zone  in  which  bovine  and  ovine  anthrax  occurred with  equal  frequency,  and  a  southern  zone  where bovine  anthrax  was  about  four  times  as  common as ovine, with death rates in cattle 13 times greater than in sheep. Bovines pull plants out of the ground when grazing, thereby ingesting a lot of soil. In contrast, sheep and horses bite plants off at ground level, taking in very little soil (Hugh-Jones, 2002).

A  large  outbreak  in  California  in  1968  resulted  in  176  animal deaths (169 cattle, 4 mules and 3 horses), yet sheep in  close  proximity  were  not  affected  (Kaufmann, personal communication, 2004).

Age and sex of animals:

Information found on age and gender related incidence in livestock is limited. Significantly disparate attack rates were noted between bulls, cows and calves in Louisiana and texas during outbreaks in the 1970s, with males having the highest attack rates and the incidence in calves being nil (Fox et al., 1973, 1977). 
 In Louisiana, the attack rates in steers and cows were similar, suggesting that a factor unique to intact males resulted in their increased susceptibility to infection. The explanation offered for the age specific differential attack rate has been that calves, as they are suckling, would ingest less forage than adults on the same pasture (Fox et al., 1973).

 Bulls generally graze closer to the ground than cows and calves. The next  bull  adopting  the  wallow  of  one  that  has  died and  grazing  around  it  becomes  relatively  exposed to the spores. Also, females rarely wallow and calves, being suckled, do not graze much; they may also have maternal antibody.  (Hugh-Jones, personal communication, 2002). 

Special  surveillance  techniques  during  the  1993 outbreak established that bull bias in mortality was real and not due to calf carcasses being more difficult to  spot  (Gates  et  al.,  1995).  

Source of infection:

The concept that spiky grass and grit produce lesions is, however, not totally consistent  with  some  epidemiological  observations that neither length of grass on pasture nor density of cattle  grazing  affected  pastures  correlated  with  the risk of infection (Fox et al., 1973, 1977).

Ingestion of soil may not be necessary for initiation of infection in grazing animals. in one early study of plants  grown  on contaminated  soil,  contamination was  alleged  to  be  readily  demonstrable  on  a  range of farm crops (Williams, 1932). 

It  is  difficult  to  believe  that  an  animal  grazing over dry dusty contaminated soil is not also inhaling spores, and inhalation may well be a mode of infection  also.  Pulmonary  anthrax  has  been  reported in  cows  (McCulloch,  1961;  Bell  &  Laing,  1977). 

Stockman, 1911 “there are outbreaks in which the circumstantial  evidence  indicates  that  infection has  been  introduced  with  turnips  which  have  been grown on land manures with crushed bones”.

Hugh-Jones & Hussaini (1975) noted an association between the incidence of anthrax in England and Wales from 1938 to 1972 with changes in patterns of importation of meat and bones, or of treatment of these. 

Stockman  (1911)  wrote:  “it  has been found that the disease is exceptionally prevalent  on  certain  sewage  farms  which  are  known  to receive  tannery  or  knackery  drainage”.  

 In 1916, Higgins similarly recorded:  “one of the most commonly reported sources of infection is that through water and other wastes coming from tanneries”. 

 An incident or outbreak can be related directly to disturbance of an anthrax carcass burial site (Turnbull  et  al.,  1996),

“Barn  anthrax”  was  an  earlier  term  for  animal infections  acquired  from  fodder.  An  incident  at  a Pennsylvania  dairy  farm  during  1971  is  illustrative of  such  an  outbreak  (Kaufmann,  personal  communication, 2004). 

Williams (1932) citing a study at the Louisiana experiment Station  demonstrating  the  potential  for  anthrax transmission  by  crops  grown  on  contaminated  soil.

Henry, 1936, a case does occur as a result of spores moved by wind.

In  contrast  to  the  natural  disease,  the  potential for aerosol spread in a deliberate release event was demonstrated in the accidental release at Sverdlovsk in the former Soviet union in 1979 (Meselson et al., 1994).   

Routes of infection:

Sanarelli (1925) found that large numbers of anthrax bacilli or of spores may be given by mouth to laboratory  animals  without  infecting,  and  that  the  blood of  an  infected  animal  may  be  injected  per annum without  harm.

Virulent  anthrax  spores  enclosed  in small  gelatin  capsules  may  be  swallowed  by  mice and  guinea-pigs  without  harm,  though  virulent spores can be recovered from the feces for a week (Holman, 1922).

 It is the common perception that B. anthracis is not an invasive organism .This is reflected in the generally much higher experimental Ld50s by inhalational or oral routes as compared with parenteral challenges in susceptible laboratory species, such as the guinea-pig,  mouse  or  rabbit  (Druett  et  al.,  1953;  Watson  & Keir,  1994).

 Eurich  &  Hewlett  (1930) cite and discuss seven publications between 1921 and 1928  reporting  that  animals  were  much  more  readily infected percutaneously than by other routes.

Sterne (1966) noted that “cattle, which are notoriously difficult to kill by parenteral injection, can regularly be killed by dosing with virulent spores made up in pellets of food. Whether the infection is by the buccal or pharyngeal route during rumination, or whether invasion occurs from the stomach, is not known”

Transmission:

Insects have been incriminated in the transmission of anthrax since at least the 19th century (Budd, 1863; Henning, 1893) 

 Biting flies, particularly Hippobosca and Tabanus species, were considered important as transmitters of the disease (Morris, 1918, 1919, 1920; Sen & Minett, 1944;  Sterne,  1959).  

Davies  (1983)believed that  Tabanids (horseflies) were responsible for the expan-sion of the huge epidemic in Zimbabwe in 1978–1979 by “hops” from community to community. At the time there  were  heavy  rains  which  would  have  encour-aged  large  hatches  of  tabanids.

Rao  &  Mohiyudeen(1958) also explained the spread of anthrax in india in terms of biting flies. Pangonia spp., biting flies that target hippos, may have played an important role in periodic outbreaks in hippos (Bengis, 2005).  

 Non-biting  blowflies  (Chrysoma albiceps  and  C.  marginalis)  have  been  incriminated as the principal vector of anthrax in browsing wild herbivores in the Kruger national Park, South Africa (Braack & de Vos, 1990; de Vos, 1990; de Vos & Bryden, 1996).

Ticks  collected  from  terminally  ill  animals  have been found to carry B. anthracis (Stiles, 1944; Buriro, 1980;  Akhmerov  et  al.,  1982)  but  they  probably  do not play a significant role in the transmission of the disease as interhost transfer of adult ticks is rare.

Livestock  began  arriving  in  large  numbers  in what became the anthrax-endemic regions of northern Canada as early as 1880 from herds in the northwestern American states and southern Alberta, and may have been the source of the disease (Dragon et al.,  1999).  

The spread of anthrax by carrion eaters was dis-cussed by Kraneveld & Mansjoer (1941) and vultures and  other  scavengers  have  long  been  suspected  of transmitting the disease various distances in southern  Africa  (Pienaar,  1967;  de  Vos,  1990;  Lindeque  & turnbull,  1994;  Lindeque  et  al.,  1996a).  

Gulls,  ravens  and  possibly  black  bears  were  considered  as  possible  vectors  in  the  bison  outbreaks in  northern  Canada  (dragon  et  al.,  1996). 

 Certainly anthrax spores have been found on/in the feathers, faeces or digestive tracts of these animals (Lindeque & turnbull, 1994; dragon et al., 1996; Lindeque et al., 1996).

Clinical manifestation

In the bovine, anthrax often occurs as an acute febrile disease without obvious localization, although subacute  disease  with  throat  swellings  may  be  encountered in tropical countries, possibly through buccal lesions from chewing infected bones (Sterne, 1959).

 According  to  Sterne  (1959),  oedematous  or carbuncular lesions are associated with immunized animals when their resistance is waning.oedematous  swellings  along  the  neck,  flanks  or lumbar  region  have  been  described  in  cattle  with experimental  anthrax  infections  (Jackson  et  al., 1957).

Influencing factors:

It was an early observation that simultaneous injection of other organisms, such as staphylococci, B. coli, B. typhosus and cowpox vaccine, delayed or prevented death from anthrax in guineapigs, mice or  rabbits (Eurich & Hewlett, 1930).   
Fuerst  apparently  suggested that  the  mutual  antagonism  of  anthrax  bacilli  and cowpox  vaccine  might  be  used  to  prevent  losses  in cattle  incurred  with  the  anthrax  vaccine  (then  the Pasteur  vaccine,  which  eurich  &  hewlett  record  as having  mortality  rates  of  0.1%  in  cattle,  0.19%  in horses and 0.62% in sheep)

CHAPTER III
MATERIALS AND METHODS

Case History:

Carcass of a male calf of 11 month age was brought to S.A.QUADERI Teaching Veterinary Hospital, CVASU having clinical history of sudden death (within half an hour of clinical onset) just after returning from grazing. The carcass exhibited absence of rigormortis, blood stained discharge from the nostrils and swollen peripheral lymphnodes. At necropsy hemorrhagic lesions in abdominal muscle and serosanguinus exudates was found in the peritoneal cavity. Therefore, initial presumption was anthrax and for confirmatory diagnosis blood samples was collected for bacteriological isolation of organism. Tissue samples from spleen were also examined by histopathologically to aid in diagnosis. 

Postmortem examination

The suspected carcasses were brought to the pathology laboratory of CVASU at the earliest possible time with appropriate precautionary measures. Principal features of the good laboratory practice were followed in each and every step of necropsy procedures and subsequent tests. Use of personal protective equipment (PPE) and appropriate disinfectant was ensured according to the manual for laboratory diagnosis of anthrax (WHO, 2003).  Necropsy was conducted as per standard method described in Coles (1986). At necropsy, gross changes were observed carefully and recorded accordingly. Whenever the case was tentatively assumed as anthrax the necropsy procedures were immediately stopped and only spleen sample was collected for histopathological examination which was kept during in plastic jar containing 10% neutral buffered formalin for histopathological study. 

Microscopic detection for Anthrax: Smears were prepared from the unclotted blood samples collected from the jugular vein of the carcass of approximately 1.5 cm square followed by air drying and fixation in 95%–100% alcohol for one minute. The fixed slides were then subjected to “Grams staining”, “Giemsa’s staining” and the “1%sPolychrome methylene blue staining” using standard protocol (WHO 2008; anthrax in human and animal). The equipments, reagents and detailed protocol are described in annex 1.
Identification of Bacillus anthracis in Blood Agar: 

For bacteriological confirmation for Bacillus anthracis the samples (blood stained exudates) were inoculated on blood agar (BA) and incubated at 37 °C for 24 hours using standard protocol described in OIE Terrestrial Manual, 2012 (OIE, 2013). All the materials used for the blood agar preparation and procedures are described in annex 2. The blood agar plates were subsequently observed carefully to evaluate the colony characters. 
Histopathological study

For histopathological study formalin fixed tissue samples were washed and dehydrated in graded ethanol and embedded in paraffin wax. Fixed tissues were sectioned at 5 μm thickness and stained with hematoxylin and eosin as per standard method (Luna, 1968). The equipments, reagents and detailed protocol of histopathological examination are described in annex 3.
[image: image1.jpg]


Flow Chart of the procedures used for confirmative diagnosis of Anthrax in this study: 

CHAPTER IV
RESULTS

4.1 PATHOLOGICAL FINDINGS:

4.1.1 Gross pathology:

[image: image13.png]


The carcass was edematous in the throat region and hemorrhagic lesions found over the serous surfaces of the internal organs (fig. not shown). The spleen was greatly enlarged and engorged with dark unclotted blood (Fig. 4.1). The body cavities were filled with blood tinged fluid.  As this point the pathologist tentatively diagnosed the case as anthrax and therefore only spleen was collected and the carcass was dumped immediately. This is why the photographs of visceral organs and body cavity were not taken. 
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4.1.2 Histopathological findings:
[image: image15.png]


Under light microscope evidence of enlarged and congested spleen with large numbers of extracellular erythrocytes was evident. The erythrocytes were present as hemolysed blood between the lymphoid cells (Fig. 4.2 b).  Marked reduction n the red pulp visible with reduction in amount of the white pulp and small lymphoid follicles. Extracellular bacteria found widely dispersed throughout the spleen. The bacteria were large and uniform in size bacilli, approximately 3um long and 1um wide (Fig. 4.2 b). Moreover there disruption of the spleen parenchyma found resulting to autolysis of the tissue (Fig. 4.2 a).
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4.1.3:  Bacteriological Findings: 
4.3.1. Microscopic features of the Bacilli: 
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4.3.2. Colony Characteristics: 




CHAPTER V
DISCUSSION

Although the clinical presentation was confusing the present study illustrates confirmatory diagnosis of Anthrax by bacteriological and histopathological techniques. The suspected carcass did not show any characteristic loss of rigormortis and blood stained discharge from natural openings. In acute anthrax rigormortis usually remain absent while cases dark-tarry blood discharges from body orifices (Jones et al., 1996). The carcass revealed serosanguineous exudates were found in the body cavities along with severely congested serosa which might be resulted due to extensive hemolysis by the bacterial toxin. Keppie et al. (1955) reported that bacterial toxin attributes death due to capillary blockage, hypoxia and depletion of nutrients by the exceedingly large numbers of bacilli. Jubb et al., 1993 reported severe hemorrhagic enteritis, degeneration of the liver, kidneys and bloating and rapid decomposition of carcass in acute anthrax infection in bovine species.  Characteristic enlargement of spleen showing "blackberry jam" appearance is almost invariable in every death cases of anthrax (Jones et al., 1996); which is similar to the finding in the present study. In the present study the calf had died just after coming from grazing land where it might get infection from the resistant spores. The precise manner by which grazing animals acquire it is still unknown (WHO, 2008). The sporulated forms shed by an animal dying or dead from anthrax generally provide the source of infection of other animals (Figure 1). It is generally assumed that ingestion of the spores while grazing is a frequent mode of uptake; since B. anthracis is apparently non–invasive, it is believed a lesion is necessary for the initiation of infection. It is assumed that in dry, hot conditions when the animals are forced to graze in dry, spiky grass close to the soil the spiky grass and grit produce the gastrointestinal lesions and if the soil is contaminated with anthrax spores, there is a high chance of occurring infection (WHO, 2008).  
The histopathological features revealed the presence of large number of anthrax bacilli in the spleen parenchyma. The bacilli were arranged in short chains within the red pulp. Besides, there is found evidence of extensive hemolysis but very few intact erythrocytes.   This feature differs from the characteristic histopathological findings of anthrax in spleen. Usually, the spleen architecture becomes obscured by the presence of large number erythrocytes resembling “tiny island in the red sea” (Jones et al., 1996). Presence of extensive hemolysis instead of intact RBCs might be resulted from inappropriate processing time or delay in the tissue processing. 

The bacteriological staining method (both Giemsa and Polychrome Methylene Blue) revealed characteristic features of B. anthracis in the present case. In appropriate blood or other body fluid samples, or tissue specimens collected within a few hours of death from animals B. anthracisis readily visualized in capsule-stained smears and readily isolated in pure culture. In blood or tissue smears from infected animals, the bacteria are seen in short chains of two to a few cells, frequently square ended (boxcar) or “vertebrate” in shape. In contrast, when grown in laboratory media, long chains are often apparent under the microscope, although with quite wide ranging strain to strain and media-to-media differences. Cell size, or chain width, and partial loss of Gram-positivity at 24–48 hours on nutrient or sporulation agar also vary from strain to strain( WHO, 2008).

In the present study the nutrient agar plate and blood ager plate isolated the B. anthracis organism readily while showing characteristic features and culture characteristics. With occasional exceptions, it is generally easy to identify B. anthracis and to distinguish it from other Bacillus species, including B. cereus. For all practical purposes, an isolate with the characteristic colonial morphology (Parry et al., 1983) on nutrient or blood agar (matt appearance, fairly flat, similar to B. cereus but generally rather smaller, more tacky, white or grey–white on blood agar, and often having curly tailing at the edges), and which is non–haemolytic or only weakly haemolytic, non–motile, sensitive to the gamma–phage and penicillin, and able to produce the capsule in blood or on anaerobic culture on bicarbonate media is B. anthracis. 

 In highly endemic areas like Bangladesh, anthrax should be suspected in any animals that die suddenly. It is the duty of a veterinarian to out anthrax as the cause of death before the carcass is handled by others (WHO, 2008). Animals suspected of having died from anthrax are not opened for post mortem examination. The reason for this is that the tissue form of anthrax bacterium, on coming into contact with the air, changes to the environmentally resistant spores, which then serve as the means for re-infection of susceptible hosts. The diagnosis of anthrax is made by examining blood smears on a microscope slide (using samples taken from superficial blood vessels or natural openings of dead animals). The anthrax bacterium in a dead animal or in hides, skin, wool and soil, etc. can be detected by growing the micro-organism in artificial media. More sophisticated laboratory tests, such as polymerase chain reaction (PCR), are also available for a rapid diagnosis of anthrax. Anthrax must be differentiated from other conditions that cause sudden death in animals, such as clostridial infections, plant or chemical poisoning, fevers caused by ticks, and other disease conditions (WHO, 2008). 

CHAPTER VI

CONCLUSION

In the present case, the carcass of a calf died suddenly was diagnosed to be died from Anthrax by using histopathological and bacteriological technique. Although the carcass was opened for postmortem examination which is strictly prohibited in such case; precautionary measures were undertaken to control the spread of infection and to prevent human infection. As the clinical presentation of the carcass did not show orthodox features the clinicopathological and histopathological study successfully arrived in diagnosis. For more confirmation molecular techniques (PCR) for B. anthracis is suggested to be optimized in CVASU for rapid diagnosis in future cases.   
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Annex 1
Microscopic detection for Anthrax:

Equipment and materials:
 The following equipment and materials were used :

•Binocular microscope with good oil immersion lens

• Microscope slides and cover slips

• Permanent marker as appropriate to label slides

• Sharps container

• Alcohol 95%–100%

• Immersion oil

• stain tray with slide holder

• inoculating loops

• spirit lamp

• Pasteur pipettes, preferably plastic disposable

• absorbent paper

• stains:

Gram stain

Giemsa stain

1%Polychrome methylene blue (M’Fadyean).

Gram staining technique:

1. Stain the film for 2 minutes with crystal violet

2. Wash with water and apply Grams iodine for 1 minute

3. Pour off excess fluid and wash with acetone until the smear ceases to lose color (5seconds)

4. Wash with water

5. Counter stain with 2% aqueous solution of safranin

6. Wash with water, blot, dry and examined under microscope

Preparation of Giemsa stain:

1. Giemsa powder: 0.3g

2. Glycerine
: 25ml

3. Methyle alcohol: 25ml

Mixture was made and filtered thoroughly and preparation was used as stock solution. From stock solution working solution was made as follows: 

Stock solution
: 1parts

Distilled water
: 10parts

Giemsa staining technique:
1. Prepare slide as usual

2. Immerse the film in diluted stain for overnight

3. Wash with distilled water

4. Stand on to dry and examined under microscope

1%Polychrome methylene blue staining (Mc’Faydean reaction):

Heat fixed blood smears was stained with 1% Polychrome methylene blue for 10 minutes and then washed with water and examined under microscope.

Annex 2
Identification of Bacillus anthracis in Blood Agar: 

Preparation of blood agar 
Formula
Mueller-Hinton agar for 120 ml supplemented with: 

— Peptone from beef 0.54 g

— Yeast extract 0.54 g

— Nacl 0.6 g.

Weighed out the supplemented Mueller-Hinton agar base for 120 ml, but only made it up to 110 ml with distilled/denonized water. Dissolved thoroughly on a hot plate with stirrer. Autoclaved and cooled to 50°C.Also warmed up 6 ml blood (5%).

  Culture on agar plate:
• inoculated on blood agar (BA). 

• incubated plates at 37 °C for 24 hours.

• read the plates for colony characters.

Annex 3
Histopathological study:

Formalin fixed tissues were processed by following protocol:

Fixation: 10% neutral buffered formalin was added in the plastic container. (10 folds of the tissue size and weight) and fixed for 3-5 days.
Washing: The tissues were trimmed into a thin section and washed over night in running tape water to remove formalin.
Dehydration: The tissues were dehydrated by ascending ethanol series to prevent shrinkage of cells as per following schedule. The tissues were dehydrated in 50%, 70%, 80%, 95%, 100%, 100%, 100% ethanol one hour in each. 
Cleaning: The tissues were cleaned in chloroform for 3 hours to remove ethanol  (two changes; one and half hr in each).
Impregnation: Impregnation was done in melted paraffin (56- 60°c) for 3 hours.
Sectioning: Then the tissues were sectioned with a microtome at 5-µm thickness. A small amount of gelatin was added to the water bath for better adhesion of the section to the slide. The sections were allowed to spread on warm water bath at 40-42°C. Then the sections were taken on grease free clear slides.
Drying: The slides containing section were air dried and kept in cool place until staining.

Routine hematoxylin and eosin staining procedure

The sectioned tissues were stained as described below:

1. The sectioned tissues were de paraffinized in three changes of xylene (three minutes in each)

2. Then the sectioned tissues were rehydrated through descending grades of alcohol (three changes in absolute alcohol, three minutes in each; 95% alcohol for two minutes; 80% alcohol for two minutes; 70% alcohol for two minutes) followed by distilled water for five minutes.

3. The tissues were stained with Harris hematoxylin for fifteen minutes.

4. Washed in running tap water for 10-15 minutes.

5. Then the tissues were differentiated in acid alcohol by 2 to 4 dips (1 part HCL and 99 parts 70% alcohol).

6. Washed in tap water for five minutes followed by 2-4 dips in ammonia water until sections were bright blue.

7. Stained with eosin for one minute.

8. Differentiated and dehydrated in alcohol (95% alcohol: three changes, 2-4 dips each; absolute alcohol: three changes 2-3 minutes for each).

9. Cleaned in xylene: three changes (five minutes each).

10. Tissues were mounted with cover slip by using DPX.

11. The slides were dried at room temperature and examined under a low (10X) and high (40X, 100X) power objectives. 
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Fig: post mortem examination                           Fig: post mortem examination
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Fig: post mortem examination                            Fig: collection of spleen
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Fig: bacillary body with capsule                               Fig: Anthrax bacilli
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Fig: bacillary body with capsule                                Fig: bacillary body with capsule




Fig: Nutrient Ager Plate:  Large (2–3 mm in diameter) bacterial colonies of irregular fringed edges and grayish white with 'frosted glass' (ground glass) appearance.  

[image: image9.jpg]


                [image: image10.jpg]



Fig: sectioning of tissue (paraffin fixed)
Fig: sectioned tissue
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Fig: washing of sectioned tissue
Fig: Mounting of stained tissue
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Capsule Staining


(polychrome methylene blue (M’Fadyean).














Fig.4.2: A. Marked reduction the white pulp and disruption of the spleen parenchyma (arrow head) (H & E 4X). B. Evidences of hemolysed erythrocytes filling the red pulp and distributed throughout the parenchyma (tiny arrows). Large bacilli of uniform size with hazy blue color present (thick yellow arrow) (H & E 40X). 
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Fig. 4.1:  Swollen and hemorrhagic spleen obtained from the suspected carcass.  Note the swollen rounded edges and foamy appearance of the issue. 





Fig. 4.4: A. Polychrome Methylene Blue stained blood smears revealed numerous large square ended blue bacilli in short chain (arrow head) and RBCs became hemolysed; 100X magnification. B. Inset; slight pinkish hue around the bacilli body i.e McFadyean's reaction (200X). 








A





B





Fig. 4.3: Giemsa stained blood smears revealing short chained gram (+) bacilli with Characteristic Square shaped “box-car” like appearance and clear hollow within the vegetative bacilli indicating spores. Magnification; 100X








Fig.4.5:  Nutrient Ager Plate:  Large (2–3 mm in diameter) bacterial colonies of irregular fringed edges and grayish white with 'frosted glass' (ground glass) appearance. The edge of colonies are somewhat fringed with long interlacing chains of bacilli resembling "Medusa head appearance". 








Fig.4.6:  Sheep Blood Agar:  Bacterial colonies are non-hemolytic 2-3mm in diameter, irregular raised, opaque and grayish white with "frosted glass" appearance.  
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