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ABSTRACT 

The purpose of this study was to determine whether the hand-held 

i m m unochromatographic assay was a rel iable method for fie ld  based d iagnosis 

of anthrax. This study was designed and conducted with an emphasis on 

obta in ing an estimate of performance accuracy, in  terms of specific ity for the 

protective antigen (PA) component of the anthrax toxin .  To examine specificity 

the hand-held assay had to be assessed under simi lar  c i rcumstances to that 

experienced in the field from typical an ima ls  in which anthrax may be 

suspected . 

To ach ieve this, blood samples were col lected post-mortem from 240 cattle at 

the Stanhope and Camperdown knackeries in Victoria .  B lood smears were 

prepared, hand-held assays were performed on-site and a sample of b lood 

transported back to the laboratory for bacteria l  cu lture .  A l l  240 samples gave 

negative resu lts in the hand-held assay and B. anthracis was not detected i n  

a ny sample by culture or b lood smear, which were considered the defin itive 

d iagnostic tests . Thus the hand-held assay was regarded as 100% specific  

(98 .5-100%; 95% Cl) for these cattle examined in  Victoria . 

The purpose of the second study was to determ ine whether the l ive Sterne 

stra i n  34F2 vaccine for anthrax would resu lt  in false positives ari sing in the 

hand-held assay in cattle recently vaccinated . Ten cattle were vaccinated with 

the 34F2 vaccine and monitored for 1 5  days. No PA was detected in the b lood 

of vacci nated cattle in the hand-held assay or on cu lture with i n  this t ime. 

These results show that the hand-held assay does not g ive fa lse positive test 
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results i n  cattle post-vacci nation with l ive 34F2 B. anthracis vaccine. The hand­

held assay can be used with confidence on samples from recently vaccinated 

cattle that have died when it is necessary to know whether they had 

succumbed to anthrax or not. 

The hand-held assay has the potential to be adopted as a routine test for the 

pre l im i nary assessment of sudden death in cattle. The simp l i city of the assay 

enables it to be used by unski l led lay people, which means that it cou ld be used 

by knackery workers for surve i l lance in areas with a previous h i story of d isease 

or by veterinar ians as a pre l im inary routi ne tool i n  i nvestigating sudden death i n  

cattle .  However the study described in  this thesis only assesses the specifi city 

of the assay and a further study, involving a sim i lar number of cattle affected 

with anthrax, needs to be conducted to assess the sensitivity of the assay. 
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CHAPTER ONE: 

REVIEW OF THE LITERATURE 
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1.1Anthrax general 

Bacillus anthracis is the aetiological agent of anthrax, an infectious d isease of 

considerable economic importance worldwide that affects domestic l ivestock, 

game an imals and occasional ly humans (Fuj ikura,  1989). Although considered 

a d isease of worldwide sign ificance, it is most common in southern and eastern 

Europe, southern and centra l America, Africa and Asia .  It is bel ieved to have 

origi nated i n  Mesopotamia and northern Africa and the spread of d isease has 

been attri buted to the process of domestication of wi ld ungu lates and later 

spread through the i mportation of i nfected bonemea l .  Infected bonemeal was 

sh ipped to areas in  Europe, Asia ,  the United States of America and Austra l ia  

(De Vos, 1994) . 

Anthrax is  a bacteria l d isease caused by the endospore forming Bacillus 

anthracis, a Gram-positive, rod-shaped, aerobic or facultatively anaerobic 

bacterium.  M icroscopica l ly  the vegetative form typical ly appears square ended 

and is approximately  4- 10  �m long and 1 - 1 . 5  �m wide. In the presence of 

oxygen and towards the exponential phase of g rowth, one e l l i psoidal  spore is 

formed per cell situated centra l ly and not swel l i ng the sporang ium.  

B. anthracis belongs to the fam i ly Baci l laceae of  which a l l  species a re aerobic 

and spore-forming, however it is  capable of causing invasive d isease i n  humans 

and other mammals  setting i t  a part from the other  species within  th is  g rouping 

(Farchaus et a/, 1995) .  
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Anthrax is an  historica l ly sign i ficant disease for three main reasons. It was the 

fi rst d isease of man and an imals to have microbia l  aetiology demonstrated 

(Kiemm & Klemm, 1959) .  There appear to be many c la ims to the orig ina l  

detection of  rod-shaped bod ies i n  the b lood of  an imals infected with anthrax. 

However Davaine was one of the fi rst and certain ly more i nfl uentia l  scientists in 

the ear ly d iscovery of anthrax. Although Dava ine discovered "rod-shaped" 

microorgan isms with in  the b lood of i nfected an ima ls  in  1 850 it was not unti l  

1 863 that he demonstrated that on ly the blood of sick an ima ls  conta i ned these 

organisms. He gave the name "bacterides" to these rod-shaped organisms 

(Kiemm & Klemm, 1959) .  Between 1863 and 1868 Dava ine demonstrated that 

the blood of sick an imals could cause d isease when i nocu lated i nto hea lthy 

an imals (Whitford & Hugh-Jones, 1994; Choquette & Broughton, 1981 )  and by 

1873 that the inocu l um did not produce d isease when pressed through a clay 

filter (Kiemm & Klemm,  1959). This latter work was inspired by Pasteur's work 

on fermentative bacteria, which led Dava ine to appreciate the sign ificance of h is  

earlier findings i n  relation to the concept that m icroorganisms were capable of 

produci ng effects out of a l l  proportion to thei r  size (Choquette and Broughton,  

198 1 ) .  By 1868 Dava ine had demonstrated that "bacterides" cou ld transmit  

d isease. However the true cause of the d isease was establ i shed i n  1 876 by 

Koch,  a German physician  who cultivated the microorgan isms in vitro and  

mainta ined infectivity. Koch cu ltured the anthrax bacterium, transferred it to 

mice and recovered it i n  pure culture thus satisfying "Koch's postu lates" for the 

microbia l  cause of d isease (Kiemm & Klemm, 1959) . Through these studies 

Koch was able to ga in an understand ing of the germination cycle of B. 
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anthracis, he was able to demonstrate that the rod shaped bacteria g rew i n  

size, developed spores and  germinated back i nto rods. Pasteur  devised many 

experiments to demonstrate the aetio logica l ro le of anthrax baci l l i .  He  fi ltered 

cultures and found that the fi ltrate d id  not produce d isease when i nocu lated 

into hea lthy an imals .  He a l lowed organisms to settle out of cu lture and 

demonstrated that the supernatant did not produce d isease whereas the 

sed i ment or pel let of organ isms d id .  Not only d id such experiments 

demonstrate the cause of anthrax but a lso fi rmly establ ished the germ theory of 

disease (Kiemm & Klemm, 1959) .  Thus it was i n  the late 1870 's that the germ 

theory of d isease was establ ished by Pasteur and Koch with the anthrax baci l l us 

(Whitford & Hugh-Jones, 1994). 

In 1881 ,  Pasteur  and his col leagues Chamberland and Roux reported on the 

efficacy of a vacci ne against anthrax. It was one of the fi rst i nfectious d iseases 

against which a bacterial vaccine was shown to be an effective and practical 

means of prophylaxis (Choquette & Broughton,  1981) .  Pasteu r's early a nthrax 

vaccine was an attenuated stra i n  of B. anthracis whereby the vi ru lence had 

been artificia l ly reduced . Pasteu r  achieved attenuation by heat shocki ng B. 

anthracis cultures at 42 to 43°C for 1 5  to 20 days and 10  to 12  days (Tu rnbu l l ,  

1991 ) .  Vacci nation was a two-part process consist ing of  "Pasteur I" and 

" Pasteur  II". Pasteur's two-part vaccine schedule consisted of the first 

inocu lation, Pasteur I, fol lowed i n  two weeks by the less attenuated stra in ,  

Pasteur  11. This method of  vaccination became widely used for cattle and 

sheep i n  Europe and South America for 50 years. However it was sti l l  letha l  for 

both gu i nea pigs and m ice . Over years the heat-attenuated vacc ines lost 
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potency and the v iru lence became difficult to stabi l ise; th i s  led to occasional 

losses amongst vaccinated an ima ls  and the vacci nes could no longer be safely 

admin istered to particu lar  suscepti ble species (Sterne, 1937). 

As a resu lt between 1920 and 1930 there were improvements made to the 

Pasteur vacci ne, such things as glyceri ne to improve the longevity and 

immun isation effic iency of the spore and 1 to 10 percent sapon in to provoke an  

i nflammatory response a t  the inoculation site. Saponin was supposed to reduce 

the virulence of attenuated vaccines, however Sterne discovered that when 

added to the less v i ru lent stra ins of B. anthracis such as the Pasteur II it a ided 

i n  immunisation (Turnbu l l ,  199 1 ) .  

It was Sterne's own l ive spore vacci ne 34F2, which became widely used i n  the 

defence against anthrax. The avi rulent l ive stra in  that Sterne produced was 

unable to form a capsule under any given ci rcumstances and was therefore 

incapable of ki l l i ng most suscepti ble species at the appropriate dose . It sti l l  

maintained the a bi l ity to produce the same amount of tox in  as a v iru lent stra in ,  

hence its ab i l ity to induce strong immun ity when i nocu lated (Harris-Smith et a!, 

1958).  Adjuvants such as 0 . 5  percent sapon in  and SO percent glyceri ne 

enhanced the vacci ne's effectiveness. One of the benefits of Sterne's vacci ne is 

that avi ru lent but l ive vaccines requ i re only a single dose to give strong 

immun ity (Spears & Davidson, 1959) .  
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1.2 Anthrax in Australia 

Anthrax is considered uncommon i n  Austra l ia with cl i n ical cases seen 

sporadical ly in sheep, less commonly in cattle, occasional ly i n  pigs and rarely i n  

goats and horses ( Beveridge, 1983) .  The fi rst recorded outbreak of anthrax i n  

Austra l ia was in  1847 at Leppington,  south west o f  Sydney. Infection rap id ly 

spread throughout New South Wales and i nto southern Queensland with 

considerable losses experienced through the ongoing movement of l ivestock. 

In 1866 disease was recognised in Queensland and in 1876 it was reported i n  

Victoria (Mitche l l  1877 a s  cited i n  Seddon & Albiston 1965), a lthough d iagnosis 

was not offi cia l ly accepted unti l  1880 (Cameron, 1906) .  

Initia l ly  i t  was known as Cumberland disease named after the county where it  

was fi rst recogn ised . As late as 1883 Cumberland disease was sti l l  not 

associated with a nthrax; it was attri buted to p lant poison ing (Hamlet, 1889) .  

The connection between the two d iseases was made i n itia l ly by Wi l lows, an  

Engl ish veterinary surgeon, who investigated heavy morta l ities i n  the Lachlan  

pastora l  d istrict of New South Wales, where he pronounced that the an ima ls  

had d ied from anthrax. He did this by describ ing typica l anthrax appearance at 

post-mortem exam ination and demonstrated causative baci l l i  in the b lood 

(Wi l lows, 1883) .  Stan ley confi rmed this d iagnosis in  1885; whereby extend ing 

investigations he too concluded that the disease was anthrax (Stan ley, 1886) .  

Defin itive identification of Cumberland d isease as anthrax came i n  1888 when 

Lai r, Germont and H inds of the Pasteur Institute i n  Paris carried out extensive 
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bacteriological investigations conclud ing that Cumberland d isease and anthrax 

were identica l (Seddon & Albiston,  1965) .  

There are many ways i n  which anthrax may have entered Austra l i a .  These 

i nclude; imported fodder, bonemea l ,  wool and ha ir  products . However the 

most l i kely source is considered to be the importation of contaminated 

bonemeal ,  si nce manuring with powered bonemeal was a recommended 

practice for pastures and crops at th is time. Indian bonemeal has been 

impl icated i n  some early outbreaks in Victoria ;  other outbreaks in both Victoria 

and Tasman ia  were found to fol low the top dressing of pasture with bonemeal 

(Weir, 1903) .  As a result of these outbreaks the importation of unsteri l i sed 

bonemeal was proh ibited in Victoria (Seddon & Albiston, 1965) .  

Anthrax was first recognised i n  Victoria i n  1 876 near Warrnambool and probably 

arose through the grazing of pastures and crops that had been powered with 

contaminated bonemea l .  The d isease further spread over most of the Western 

District and later to southern and centra l Victoria . The spread of anthrax i nto 

the Melbourne district was due to a sh ipment of d iseased sheep from 

Warrnambool and  the spread of anthrax i n  the north of the state as a result of 

l ivestock movement from New South Wales (Seddon & Albiston ,  1965) .  The 

most recent outbreak of anthrax in Victoria occurred i n  cattle between 26th 

January and the 26th March 1997 when 83 properties i n  the Gou lburn Va l ley of 

north centra l Victoria were affected (Turner et a/ 1999b).  The a rea of the 

Goulburn Va l ley where the d isease occurred is  an intensive dairy farming area 

made up of small to large i rrigation holdings with h igh stocking rates (Table 1. 1 ) .  
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Table 1 . 1 :  The stocking rates for both beef and da i ry farms i n  the Gou l bu rn 

Val ley. 

Cattle stocking rates in  the Gou lburn Val ley 

2322 dairy farms 

1742 beef farms 

(Turner et a/, 1999b) 

429 136 m i l king cattle 

124 250 beef cattle 

Prior to this outbreak, a nth rax had not been seen in Victoria for nearly ten 

years (Turner et a/, 1999b ) .  Immediately after the in itia l  d iagnosis, standa rd 

control measures were implemented . Movement of stock was prohib ited, 

recent stock movements traced, carcases were d isposed of by burn ing and on ly 

stock neighbouri ng affected properties were vaccinated, this was eventua l ly 

extended to a zone of 30 km by 20 km (Tu rner et a!, 1999a) .  Despite these 

actions the outbreak spread to 82 fa rms by the end of March 1997 with 202 

confi rmed cases of bovi ne i nfection and 4 ovi ne. 

Investigations i nto the cause of the outbreak fai led to demonstrate any s ing le 

factor responsible for its tempora l  or  geographical  d istribution .  Earthworks to 

i m prove i rrigation efficiency may have exposed the spore form of B. anthracis, 

by d isturbing old anth rax carcase sites from before official records were kept, 

si nce this area was most l i kely a stock route from early t imes (Turner et a!, 

1 999a) .  The weather was conducive to B. anthracis growth with an unusual ly 

prolonged period of hot and humid days, conditions which have been 
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associated with outbreaks i n  Austra l ia  and the United States of America (Turner 

et a!, 1 999a) .  

In  Austra l ia  anthrax i s  largely confi ned to specific a reas with i n  the states of 

Victoria and New South Wales ( Beveridge, 1983) .  The occu rrence of anthrax i n  

other parts of  Austra l ia is rare . Some states such as  South Austra l ia and 

Tasmania last reported outbreaks i n  1914 and 1933 respectively; both states 

are now considered free from anthrax (Seddon & Albiston,  1965).  In 1993 

Queensland had anthrax confi rmed in one cow on a l a rge extensive grazing 

property near Rockhampton and i n  January 2002, 10 cases of anthrax were 

reported at the Col l i ngwood station near Wandoan ,  350 km north-west of 

Brisbane (P roMED, 2002), these being the only cases of a nthrax in 50 years. In  

1994 Western Austra l ia  reported their fi rst known outbreak of  anthrax. The 

three farms i nvolved were in an isolated area north of Wa lpole on the south 

coast : 3 1  cattle d ied and the source of infection was not determined (Forshaw 

et a/, 1996) .  The Northern Territory has never reported any cases of anthrax 

and is considered free . 

1.3 Epidemiology 

New South Wa les and Victoria have specific anthrax zones (Figure 1 . 1 ) where in  

the  soi l  i s  heavi ly contam inated with anthrax spores; they have a neutral to 

a lka l ine soi l (pH 7 to 8 )  a nd are general ly associated with floodpla ins a nd 

waterways (Beveridge, 1983) .  Outbreaks i n  Victoria occur sporadica l ly i n  the 

northern and north eastern parts of the state, in addit ion to smal l  a reas i n  

Werribee and west G ippsland  (Fiynn, 1968) .  I n  New South Wales anthrax has 
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ceased to be a problem in  the coasta l reg ions of the state and is genera l ly 

confi ned to an  a rea through the centre, on the p la ins where the annua l  ra infa l l  

i s  between 250 and 500 mm,  the wetter tablelands are considered to be free 

(Beveridge, 1983) .  

Fig ure 1 . 1 :  Location of the anthrax belt i n  Austra l i a .  

In  New South Wa les, sheep are most commonly affected by anthrax and i n  

Victoria i t  i s  more commonly catt le (Wise & Kennedy, 1980) .  The disease has  a 

d isti nctly seasona l  distribution i n  New South Wales, with most cases occurring 

during the warmer months, with the peak norma l ly between November through 

unti l  February, whi le in  Victoria the seasonal variation is  m uch less (Seddon & 

Albiston, 1965) .  A study of the pattern of anthrax outbreaks i n  New South 

Wales by Wise and Kennedy in 1980 identified that 90 percent occurred during 

the hotter months of the year. Outbreaks in sheep tended to be more common 

i n  years that were drier than average and often occurred one or two weeks 

after a few days of h igh humid ity . Other areas i n  the southern section of New 
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South Wa les fol lowed seasons with ra i nfa l l  above average and predom inantly 

affected cattle (Wise & Kennedy, 1980) .  

The i n itiation of an  outbreak of anthrax depends on a number of interrelated 

factors, such as, environmenta l conditions, human activities, d issemination of 

bacteria and on specific  properties of the bacterium that relate to its ab i l ity to 

survive outside of the host, to enter, i nfect and mu ltiply successfu l ly (De Vos, 

1994) . Surviva l  of the bacteri um is longer at lower temperatures. For instance, 

in an unopened carcase with temperatures between 25 and 30°C B. anthracis 

survives no longer than 3 days, whereas at temperatures of 5 to 10°C the baci l l i  

can be recovered from a carcase for up  to 4 weeks after death (Merchant & 

Packer, 1967) .  This can be attri buted i n  part to the putrefactive process, since 

vegetative cel l s  of B. anthracis with i n  i nfected an imal  carcases d ie rapidly 

(Christie, 1987). Stein reported in 1942 that exposure to the effects of 

putrefactive bacteria i n  an  unopened carcase at 25 to 30°C, for as l i tt le as 48 h 

destroys the vegetative anthrax baci l l i  to the extent that recovering them is 

made difficult (Ste in,  1942). This i s  because of the fragi le nature of the 

vegetative baci l l i  that can neither sporu late in  the absence of oxygen nor 

survive a nd with the i ncrease in C02 concentrations, after 72 h there is  no 

chance of recovering B. anthracis. The on ly source that is  left for cu lture are 

the bloody exudates i f  these are present (Whitford & Hugh-Jones, 1994) . 

Vegetative baci l l i  form spores when conditions are not conducive to growth and 

mu ltip l ication ie: i n  the presence of oxygen and at biolog ica l  extremes of 

temperature and pH . The spore forms are resistant to extreme temperatures, 

1 1  



pH, desiccation, d is infectants, i rradiation and other adverse cond itions. Surviva l 

of spores with i n  the soi l depends on a variety of factors, such as i n it ia l  

numbers, cl imate, the presence of soi l  saprophytes, chemica ls  and plant 

materia l .  Thus i n  soi l that has high biological activity and a d iversity of 

microbia l  l ife, the surviva l period of anthrax spores is  probably l im ited to no 

more than three to four years (Whitford, 1978).  Under ideal cond itions spores 

may remain viable for fifty to potentia l ly two hundred and fifty years (De Vos, 

1990) .  

Spores are capable of germ inating and producing vegetative baci l l i  outside of 

the host an ima l  if the temperature is between 8 and 45°C, pH between 5 a nd 

9, relative humid ity g reater than 95% and i n  the presence of adequate 

nutrients (Turnbu l l ,  1998) .  The extent to which the process of germination, 

mu lt ip l ication and re-sporu lation occur in the environment is  not fu l ly known 

but research by Turnbu l l  and Lindeque in 1994 suggested that the 

concentration of nutrients requ i red is  far g reater than what would be expected 

i n  the normal envi ronment. Should this un l i kely germination occur the probable 

outcome is death of the emergent baci l l us .  Thus Lindeque and Turnbu l l  

concluded that B. anthracis is heavi ly dependant on  an an ima l  host for 

mu lt ip l ication ( Li ndeque & Turnbul l ,  1 994) . 

In  a study conducted by Turnbu l l  i n  the Etosha National Park, Namibia, the 

v iab i l ity of vegetative cel ls  dec l i ned rapid ly after inoculation i nto water sam ples 

taken from various sites. Withi n  24 h the number of cu lturab le bacteria 

d ropped from over 105 cfu/ml to below detectable levels less than 10 cfu/ml 
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(Tu rnbu l l  et a!, 1989). Thus, it may be understood why the spore form is  the 

predominant phase in existence in  the envi ronment and largely through the 

uptake of spores that anthrax is contracted . 

The ab i l ity of these spores to remain viable for many years i n  an ima l  products, 

soi l  and the envi ronment is an important factor to consider in the epidemiology 

of anthrax outbreaks. Carriers of anthrax do not exist, the reservoi rs of 

infection are spores in the soi l  and the h ides and bones of animals that have 

d ied from anthrax (Beveridge, 1983). 

Mechanica l  d issemination of a nthrax spores by carnivores and fl ies, which have 

fed on carcases of ani ma ls  dead from anthrax can occur (Ture l l  & Knudson, 

1987). As early as 1914 Dal rymple i nvestigated the role that scaveng ing 

carnivores and biting/non-bit ing insects had i n  the spread of anthrax. He 

investigated a range of ani ma ls such as the turkey buzzard, carrion crow, p ig,  

dog, cat, opossum and the common fowl .  In  the buzzard and crow he showed 

that the anthrax spores were never excreted i n  faeces, but could be found i n  

the vomitus and  on  the beak and feet. The common fowl was the exception 

and it excreted anthrax spores in  its faeces for up to 48 h after feed ing .  The 

fel i ne, can ine and swine were found to excrete viable spores, which were 

capable of ki l l i ng rabbits, in faeces up to three, six and five days respectively, 

after feeding.  This demonstrates the robust nature of the anthrax spore in that 

the virulence and viab i l ity was not a ltered after passing through the a l imentary 

tract (Da l rymple, 1914). 
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A study by Turre l l  and Knudson i n  1987 confi rmed the suspicion that blood­

sucking i nsects have the ab i l i ty to transmit letha l  B. anthracis mechanically. 

The transmission rates for the com mon stable fly and mosquitoes ranged 

between less than 1 h to 4 h after exposure to a bacteraem ic gu inea pig. The 

actual puncture mark or the subsequent i rritation caused by this bite may 

provide an in let i nto the cutaneous layer for the anthrax spore (Tu rel l  & 

Knudson,  1987). Unl ike b iti ng i nsects the non-biti ng fl ies carry infectious 

spores and baci l l i  on their ha i ry body parts and may pass viru lent spores in  their 

excreta . A sing le fly spot was found t o conta in enough anthrax to fu l ly cover 

an agar plate i n  cu lture (Da l rymple, 1914) and the infectivity was recoverable 

up to 20 days after exposure (Ture l l  & Knudson, 1987). 

It is  therefore a possib i l i ty for a l l  of the above an ima ls  to assist i n  the 

dissemination of anthrax spores to other susceptible species, via d i rect 

transmission or from surrounding environment. 

1.4 Pathogenesis 

B. anthracis spores gain entry i nto the body through i ngestion,  i nha lation or 

ski n  abrasion . Abrasion is  more l i kely to be important in sheep where grass 

seeds may penetrate the skin unnoticed . The i nhalation of spores is fa i rly rare 

i n  an ima ls  (De Vos, 1994). After penetration of the natura l barriers, spores 

germinate to produce the vegetative form of B. anthracis, that wi l l ,  left 

u nheeded, ki l l  the host. The exact i ncubation period for B. anthracis under 

natura l  conditions is unknown but it  is i n  the range of 1 to 14 days. Factors, 
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which affect the i ncubation period, are the quantity of B. anthracis organ isms 

withi n  the host, the route of i nfection and host resistance (De Vos, 1 994) . 

The disease manifests i n  three different ways; peracute, acute and subacute to 

chronic. In ruminants, anthrax nearly a lways takes the peracute or acute form; 

very occasiona l ly wi l l  it be subacute .  Peracute disease progresses rapid ly, in 

which death occu rs suddenly with i n  a few hou rs; most an ima ls  a re found dead 

with l ittle or no prior sign of i l l ness. However, an imals under close observation 

may be seen to have fever, dyspnoea and muscle tremors for 1 to 2 h before 

death (Tu rnbu l l ,  1998).  Shortly afterward the an imal wi l l  often have terminal  

convulsions col l apse and die, with rapid b loating and i ncomplete rigor mortis 

(Radostits et a!, 2000). Fol lowing death blood may exude from the body 

open ings, a lthough this is not a lways observed (Merchant & Packer, 1 967) .  

Development of acute anthrax may be seen in both cattle and horses with 

many c l in ica l sig ns such as depression, laboured respi ration,  fever, anorexia, 

congested mucosae or oedematous swel l i ngs, which may be observed up to 48 

h before death . The route of exposure wi l l  infl uence the extent of cl i n ica l s igns. 

For instance, i ngested spores cause enteritis and col ic, accompan ied by fever 

and depression, whereas an insect bite or skin abrasion wi l l  cause a local ised 

oedematous subcutaneous swel l ing .  If left untreated th is  loca l i sed i nfection 

may spread to the throat, thorax, abdomen, prepuce or mammary g lands and 

be fol lowed by death i n  48 to 96 h (Turnbu l l ,  1998) .  Genera l ly the course of 

d isease is 1 to 3 days with some an imals surviving a week or more (Sterne, 

1959) .  
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Subacute anthrax is  seen occasiona l ly with prolonged i l lness lasting severa l 

days and is not a lways fata l .  Loca l isation of infection occurs a s  an  oedematous 

swe l l i ng; this may be obvious in the neck and l ess so in the gastrointesti na l  

tract (Turnbu l l ,  1998) .  

B. anthracis has two viru lence factors; a poly-D-glutamic ac id capsu le and a 

tri partite exotoxin composed of Protective Antigen (PA, 83 kDa ), Lethal Factor 

(LF, 87 kDa) and Oedema Factor (EF, 89 kDa) (Bea l l  et a!, 1961 ;  Stan ley & 

Smith, 1963) .  The bacterium conta ins two plasmids PX0 1 and PX02,  wh ich 

encode the genes for the virulence factors; PXO 1 regulates the production  of 

the toxins (M ikese l l  et a/, 1983) and PX02 regu lates the synthesis of capsu lar 

materia l  (Green et a!, 1985; Uchida et a!, 1985) . The toxin beari ng p lasmid, 

PX01 is 184 .5  ki lobase pairs in  size and codes for the genes that make up the 

secreted exotoxi ns.  PX02 is a sma l ler plasmid of 95 . 3  ki lobases and codes for 3 

genes, capA, capB and cape, which are i nvolved in  the synthesis of the 

polyglutamyl capsule (Dixon et a!, 1999) .  The three exotoxi n  components 

combine to form two binary toxins.  Both these toxins are responsib le for the 

characteristic sig ns and symptoms of anthrax (Turnbu l l ,  1998) .  

PA b inds to specific  cel l  receptors in the host and is subsequently activated by a 

cel l  surface protease (Leppla et a!, 1987), which cleaves a 20 kDa frag ment 

thereby exposing a secondary cel l bound receptor site for which LF and EF m ust 

compete for b ind ing (Little et a!, 1988) .  Five regions of homology were 

identified at the PA b ind ing domain  on both LF and EF (Bragg & Robertson, 

1 989), suggesting why they compete for the PA receptor (Little & Ivins, 1 999). 
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Once bound, the complex of both LF+PA or EF+PA is then i nterna l i sed by 

endocytosis to the cel l  cytosol and the EF or LF released i nto the host cel l  

(Gordon et a!, 1988). 

PA has many roles. It mediates the attachment and entry i nto the cytosol of LF 

and EF; it conta ins reg ions i nvolved i n  b ind ing to the cel l receptor, b ind ing the 

LF a nd EF and membrane i nsertion and translocation of the anthrax toxins 

( Leppla, 1991 ) . PA is a lso the major immunogen present i n  anthrax vaccines 

(Little & Ivi ns, 1999) . 

Oedema Toxin (ET) consists of EF, which is  an  adenylate cyclase whose 

cata lytic activity is dependent on the presence of ca lmodu l i n  and ca lci um  ions 

and PA which is a binding moiety that permits entry of the toxin  i nto the host 

cel l (Leppla, 1982). The conversion of host cel l  ATP to cycl ic AMP by the EF is 

responsible for the effects of the ET (Hanna,  1998).  Proper water homeostasis 

with in the eukaryotic cel l  is a ltered with i ncreased levels of cycl ic AMP hence 

the massive oedema seen in cutaneous anthrax (Dixon et a/, 1999) .  In  genera l ,  

bacteria l  toxins that i ncrease cycl ic AMP decrease i nnate i mmune responses of 

phagocytes, thus contributing to establ ishment of the infection (Confer & Eaton,  

1982) .  

Lethal Toxin (LT) consists of LF, which is a z inc meta l loprotease and PA ( Dixon 

et a!, 1999) . Shock- inducing cytokines l i ke Tumour Necrosis Factor (TNF) and 

i nterleukin- 1B  play an  i mportant role i n  the sudden death seen i n  anthrax 

(Hanna et a/, 1993) .  Sublytic concentrations of  LT stimu late the expression of 

these two factors (Hanna et a!, 1993) and whereas the TNF is secreted i nto the 
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extrace l lu lar  envi ronment the i nterleukin- 1 8  remains i ntrace l l u l a r  unti l  lysis of 

the macrophage in which the baci l l i  a re present. It is  the sudden bursti ng of 

macrophages with simu ltaneous release of the shock med iators that i s  

suspected to be  the cause of  sudden death seen i n  anthrax ( Hanna,  1999) .  

Support for the active function of cytokines i n  systemic shock was provided 

through the find ings that mice that were passively immunised agai nst TNF and 

i nterleukin- 18  were protected agai nst the letha l  effects of  a nthrax (Hanna, 

1998) .  

Lethal toxin is the dominant viru lence factor produced by B. anthracis and is  the 

major cause of death i n  i nfected an imals .  This was shown by Pezard, 8erche 

and Mock ( 199 1 ), who demonstrated the relative viru lence of toxins in i nfection 

by usi ng stra ins of B. anthracis that had either LF or EF but not both present. 

M ice that were chal lenged with a stra in expressi ng the components of either LT 

or ET i l l ustrated that LT was the more important viru lence factor in this an ima l  

model and that the two toxins may act synerg istica l ly  i n  i nfection ( Pezard et a!, 

199 1 ) .  

Lethal toxin cytotoxicity appears to be l im ited to macrophages, un l i ke oedema 

tox in  which can affect al l  cel l  types. Evidence that macrophages are important 

in vivo was demonstrated by Hanna in 1992 with his experiments in mice. M ice 

became resistant to LT after depletion of thei r macrophages. Toxicity was 

restored by i njecting i nto them sensitive macrophage cel l  l i nes. These resu lts 

lead to the suggestion that LT is responsible for the sequence of biochem ica l 
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and physiological events that lead to death of the macrophages and the host 

an imal  (Hanna et a/, 1992).  

In conjunction with LT and ET, whose ta rget cel ls  i nclude macrophages and 

neutrophi ls,  the capsu le a l lows B. anthracis to grow un impeded i n  the infected 

host (Ezze l l  J r  & Welkos, 1999). The exotoxi ns  are thought to i nhibit the 

immune response aga inst infection, whereas the capsule i nh ibits phagocytosis 

of the vegetative baci l l i  (Dixon et a!, 1999) .  

In the absence of  either plasmid the bacteri um  i s  non-vi ru lent and i n  the 

absence of either bicarbonate or PX02, B. anthracis does not produce a capsule 

(Fouet et a!, 1999) .  Regu lation of the expression of toxin and capsule genes is  

mediated by the transcriptional  activator AtxA, whose functions a re affected by 

envi ronmenta l conditions such as h igh tem perature, concentration of C02 and 

the presence of serum components (Koeh ler  et a!, 1994). 

B. anthracis mult ip l ies in the lymph nodes from where it can pass via the lymph 

and blood to the reticuloendothel ia l  system,  which leads to further pro l iferation 

and dissemination i nto the bloodstream .  In itia l ly, during the i ncubation period, 

the bacteria are fi ltered out of the b loodstream via the spleen and other parts 

of the reticuloendothel ia l  system (Turnbu l l , 1998) .  The actions of B. anthracis 

toxins with i n  the host result in  necrosis of the lymphatic tissue and breakdown 

of b lood vessels, resulting i n  the release of la rge numbers of organisms i nto the 

circulation, i nterna l  bleed ing and rapid fatal septicaemia .  These events l ead to 

the characteristic haemorrhage to the exterior, which is an essentia l  part in the 

i nfection cycle  of B. anthracis (Radostits et a!, 2000), a lthough not a lways 
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observed . At death i n  most suscepti b le species the blood conta ins 107 to 1 08 

baci l l i  per ml (Watson & Kei r, 1994) .  

H u mans appear to be moderately resistant to anthrax. Human cases of a nthrax 

occur  as a resu lt of exposure to infected ani mals or their products. They a re 

com monly cutaneous, responding favourably to pen ici l l i n ,  and fewer tha n  5 

percent of cases a re respi ratory or gastrointesti na l ,  which tend to be fata l 

(Watson & Kei r, 1994). 

1.5 Diagnostic Tests 

A variety of methods for the identification of B. anthracis exist. These tests 

d iffer i n  complexity, sensitivity and specificity and the i r  va lue for either 

d iagnostic or research purposes. A number of the more frequently used assays 

i nc lude traditiona l  culture and colon ia l  morphology, blood smear, ELISA and 

rapid tests uti l is ing PCR and lectin i nteractions ( Ezze l l  et a!, 1990) .  

1.5.1 Culture 

Isolation of B. anthracis i s  possi b le from b lood or tissues of a recently dead 

a nimal  and in re latively h igh numbers and pure culture .  However, as  the 

carcase decomposes the putrefactive bacteria tend to overgrow and eventua l ly 

e l im inate the infective organism. Thus i n  old or decomposed an ima ls  or 

envi ronmenta l  samples, detection is l i kely to i nvolve a search for relatively few 

B. anthracis organisms with in  a background of putrefactive bacteria ,  many of 

which may be other Bacillus spp, so selective techniques are requi red . The 

most successful selective media for B. anthracis is polymyxi n- lysozyme-EDTA-
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thal lous acetate (PLET) agar (Knis ley, 1966) .  B. anthracis grows readi ly in  

nutrient broth or  on nutrient agar i ncubated aerobica l ly at  37°C. When vi ru lent 

stra ins of B. anthracis a re grown on media conta i n ing either serum, bicarbonate 

or both and incubated i n  a C02 enriched atmosphere they produce capsules and 

the colon ies appear mucoid .  I n  the absence of these conditions the capsule is  

not produced and the colony a ppears l ike ground glass (Green et a/, 1985) .  

1.5.2 Blood Smear 

The reference standard for the diagnosis of B. anthracis is m icroscopic 

examination of a su itably sta ined blood smear i n  which la rge numbers of 

encapsu lated baci l l i  can be visual ised . The clearly defi ned capsules and 

occurrence i n  long chai ns a re the d istinguish ing features for B. anthracis. 

Spores a re not found i n  b lood smears due to the h igh concentration of C02 

present in dead an imals (Turnbu l l ,  1998) .  

The blood smear is rega rded as a stand-a lone d iagnostic test, however it does 

requ i re the ski l l s  and expertise of an experienced microbiologist and veterinary 

pathologist to i nterpret resu lts. Smears made with i n  a couple of hours from 

an ima ls  that have died from anthrax are prepared from the periphera l b lood 

and sta ined with aged Polychrome methylene blue. This sta in ing method is 

designed to show up the encapsu lated B. anthracis baci l l i  for defi n itive 

diagnosis. This sta in  is a mixture of methylene b lue, ethanol and potassiu m  

hydroxide. The mixture i s  ri pened and matured for one year to achieve 

oxidisation and the resu lti ng  azure A and azure B, produced form the active 

constituents in the sta in i ng process (Turnbu l l ,  1998). 
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1.5.3 Antigen Detection tests 

Over the years there has been much research i nto identifying specific  anthrax 

antigens, and to design detection systems for these. The most readi ly isolated 

and purified antigens are the exotoxins PA, LF and EF, since capsular antigen is  

considered specific  but poorly immunogenic (Turnbu l l ,  1998) . 

A rapid d iagnostic test developed by researchers at the United States Naval 

Medical Research Centre is an i m m unochromatographic assay. This assay is 

designed for the rapid detection of B. anthracis i n  the fie ld and is  specifica l ly 

designed to detect the PA i n  the b lood, serum or other tissue fl u ids .  

The immunochromatographic hand-held assay of interest in this thesis uti l i ses a 

monoclonal capture antibody to the anthrax PA which is bound to a 

n itroce l lu lose membrane. A second monoclona l antibody specific for a different 

epitope of PA is bound to col loida l  gold particles, which become visible when 

they accumu late at these capture s ites (Burans et a/, 1995) ( Figure 1 .2) .  From 

hereafter the immunochromatographic hand-held assay wi l l  be referred to as 

the hand-held assay. 
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Figure1. 2 :  Schematic diagram of the i ntricate deta i ls of the hand-held assay. 

Colloidal gold ltt Anthrax 
PA 

Detector
_____. + • 

antibody 

Complex wicks 

... Capture antibodies 

Test line Control line 

(Burans et a!, 1995) 

"Complex forms" 

� 
Indicator red/pink line 

15 minutes 

�l� 
Test line Control line 

The assay is  quoted to detect as l ittle as 25 ng/ml of PA and is  ab le to be read 

within fifteen m inutes of reaction (Burans et a!, 1995) .  This system is used for 

d i rect d iagnosis of cases of anthrax by detection of PA i n  the b lood or tissue 

flu ids. 

The Ascol i  precip itin test dates back to 1 9 1 1 ,  when it was designed for the 

pu rpose of detecting B. anthracis antigens in the tissues of ani ma ls  that had 

died from anthrax. This test is not highly specific for B. anthracis, as the 

targeted thermostable antigens a re com monly present in other Bacillus spp. 

Th is means  that th i s  test is heavi ly dependent on the probab i l ity that only B. 

anthracis i s  capable of pro l i ferat ing throughout the ani ma l  and depositing 

sufficient antigen withi n  the tissue to give a positive reaction . It i s  therefore 

not a recommended test for the detection of B. anthracis i n  env i ronmenta l 

samples where the l i kel i hood of encounte ring other Bacillus spp is  h igh.  This 

test is sti l l  widely used i n  eastern Europe (OIE, 2000a). 
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1.5.4 Serology 

Historica l ly there has been no rea l  need for serological identification of a nthrax 

as  the traditional methods of  cu lture and smear have been adequate. As a 

resu lt the interest i n  this has come from the human aspect of this d isease, to 

mon itor anti body titres i n  the vaccine recipients and for epidemiologica l 

i nterests in  seroconversion to detect prior exposure i n  both humans and 

an ima ls  (Turnbul l  et a!, 1 992).  

The origi nal serologica l test used i n  the 1960's was gel diffusion, using cu ltu re 

fi ltrates of the Sterne vaccine as the antigen, however this was too i nsensitive 

for d i rect detection of a ntibodies in the sera of vaccinated humans. I n  1971  

Buchanan and col leagues developed an ind i rect haemaggluti nation assay ( IHA) 

uti l is ing PA, which had an  improved sensitivity and was more rapid (Buchanan 

et a!, 1971 ) .  However, th is method was not without its d rawbacks; it lacked 

reproducib i l ity, the preparation time was sti l l  t ime consuming and reagents 

were difficult to acqu i re and had a short shelf l ife (Johnson-Winegar, 1984). 

The ELISA provides a more rapid and s impl ified assay for measuri ng antibody 

titres, it is sensitive a nd the reagents a re easi ly acqu ired and used . Both 

systems requ i re 50 !lg of purified PA, however the ELISA is ab le to process one 

th i rd more samples than the IHA (Johnson-Winegar, 1984). The ELISA is  a 7 h 

process and is  therefore manageable with in  a working day. On comparison 

between ELISA and IHA, it can be stated that the ELISA is the test system of 

choice. However, both systems are not optimal  for detecting low levels of 

a ntibody (Johnson-Winegar, 1984) . 
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Immunologic detection of the anthrax exotoxins i n  the b lood of an ani ma l  

suffering systemic infection is  possib le if the anti bodies to the toxins  a re 

ava i lable, however these remain unrel iable for d iagnosis .  Hence, a lthough 

serologica l tests are of epidemiologica l va lue, they pose l ittle va lue with acute 

i l l ness (Harrison & Ezze l l ,  1989) .  During systemic i nfections, antibodies to the 

anthrax toxin cannot be detected unti l fina l  stages of d isease and therefore too 

late to in itiate treatment (Dixon et a!, 1999).  

1.5.5 Immunofluorescence 

Immunofluorescence has been used to observe the capsule i n  a resea rch 

situation but does not lend itself  to routine d iagnosis (Ezzel l  J r  & Abshi re, 1996) 

because the standard stai ned smear is simpler and faster to perform, requ i res 

no specia l  equ ipment other than a l ight microscope and is just as sensitive .  

1.5.6 Polymerase Chain Reaction (PCR) 

Fu l l  confi rmation of viru lence of an  isolate of B. anthracis can be carried out 

us ing the PCR with primers that are specific  for the toxin genes. PCR is 

becoming more widely ava i l able as a means of confi rm i ng the presence of 

v iru lence factors such as capsule and toxi n genes. For routine purposes 

primers to one of the toxin genes, usua l ly the PA gene d ue to its presence i n  a l l  

toxi n produced and to one of  the enzymes mediating the formation of  capsule, 

are genera l ly used (Turnbu l l ,  1998) .  

1.5.7 MIDI automated bacterial identification system 

The United States Army Med ica l  Research Institute of Infectious Diseases i n  
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Fort Detrick, Maryland, serves as the reference laboratory for the Department 

of Defence and has establ ished a database for the identification of B. anthracis 

using the automated bacterial identification system known as the MIDI .  The 

MIDI system is based on chromatographic ana lysis of methyl-ester fatty acids 

derived from the bacteria l  membranes; this method is used to distinguish B. 

anthracis from closely related Bacillus spp (Teska et a!, 200 1 ) .  

1.5.8 Differentiation using Lectins 

Cole, Ezzel l  Kel ler and Doyle recognised that lectins are conven ient reagents for 

the study of cel l  surfaces of baci l l i .  Th is work is based on the pri ncip les of rapid 

s l ide agglutination reactions. The rationale for these tests being that the 

aggl utination is  specific  for each bacteria l  species, in that d ifferent lectins have 

differi ng sugar  specificities and can therefore selectively aggluti nate certa i n  

bacteria .  B. anthracis has a galactose conta in ing polysaccharide on its cel l u lar  

envelope so i t  was reasoned that the ga lactose-b ind ing lectins may be agents 

which cou ld  selectively agglutinate the bacterium .  Experiments with Bacillus 

spp demonstrated that purified lectins  of differi ng specificities could agglutinate 

B. anthracis and stra ins of a closely related Bacillus sp, B. mycoides. Not a l l  

lecti ns bound these two species; one  i n  particu lar that bound both was, Glycine 

ma� a non-toxic Soy Bean Aggluti n i n  and one that was able to agglutinate B. 

mycoides but not B. anthracis was Helix pomatia. Thereby afford ing a means 

to differentiate between the two.  Spores could a lso be identified using this 

method . Th is work represents a rapid tool for identifying B. anthracis (Cole et 

a!, 1 984).  
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Another study demonstrated the use of enzyme- l i nked lectins that were first 

conjugated with horseradish peroxidase so that when an enzyme substrate is  

added a measurab le colour reaction takes p lace. This Enzyme-Linked 

Lectinosorbent Assay (ELLA) was found to be h igh ly specific and sensitive for B. 

anthracis. This is  because of its abi l i ty to detect the presence of re latively smal l  

numbers of bacteria (Graham et a/, 1984) .  

1. 6 Evaluation of Diagnostic Tests 

The process of va l idating a particu lar  test is to eva luate and assess its 

performance for a particular use. A test that has been va l idated is ab le to 

detect evidence of exposure to a particu lar  organ ism or the presence of the 

organism d i rectly and a l lows predictions to be made about the test subject. In  

the Veteri nary/Medica l  setting diagnostic tests have an i mportant ro le to p lay, 

because resu lts form the basis on which many i mportant decisions a re made. 

For instance, to i n itiate or withhold treatment, i n itiate control programs and 

quarantine practices, vaccinate herds at risk, accreditation for export or for 

breeding, as a process of selection, to identify the cause of a d isease p rocess or 

to measure the frequency of d isease with i n  a herd or population of an ima ls .  

Such decisions may on ly be made with confidence if the d iagnostic testing 

provided is  va luable and i nformative . This requ i res knowledge about the 

performance characteristics such as sensitivity and specificity of the test. 

To va l idate a particular test it is important to identify the purpose for which the 

test is to be used so as to consider the variables that wi l l  affect its performance. 

The variables that affect such tests can be broadly grouped i nto three 
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categories; the sample, the actua l test system and the test resu lt. Sam ple 

qua l ity can be affected by n umerous factors such as  host/organism i nteractions, 

sample  contamination and sample deterioration,  a l l  of which affect the 

concentration or composition of the organism of i nterest. The test system may 

be affected by a number of environmenta l factors such as tem perature, pH,  

other related organisms a nd potentia l  technic ian error. Factors affecting the 

capacity of a test resu lt to accurately predict the status of the host are the most 

critica l and are based a round the sensitivity and specificity of the test of 

interest. 

Each i ndividual  d iagnostic test has its own set of pa rameters, which he lp define 

the significance of  the resu lts provided . In order to estab l ish these d iagnostic 

parameters the test must first be eva l uated and the performance assessed i n  

the relevant popu lation of  an imals. 

An assay can only be considered va l id when the test resu lts fa l l  with i n  an 

acceptable range, determined by statistica l ly  defined l im its, and provide 

accurate i nformation on exposure or i nfection . There are three basic ways i n  

which a resu lt may be i nterpreted ; nomina l  which is  either a positive or 

negative resu lt, ord ina l  which is strong or weak positive and i nterva l where the 

response is measured on a sca le such as antibody titres (Smith, 1995) .  For the 

hand-held assay that has been described it is considered to be nomina l ,  e ither 

the an ima l  has anthrax or it does not. 

A crucia l  part of eva luating a diagnostic test is  to have an accepted reference 

standard aga inst which to compare the resu lts of the test i n  question .  The 
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reference standard's function is to determine the accuracy and therefore qua l ity 

of the device i n  question (OIE, 2000b) . 

The process of eva luati ng a test is to defi ne accuracy, which is comprised of 

two properties of the test, sensitivity and specificity.  The sensitivity of a test is 

defined as the probab i l ity of a positive test result given the presence of d isease 

whereas the specificity of a test is defi ned as the probab i l ity of a negative result 

given the absence of disease (Kraemer, 1992; Smith, 1995) .  

Calcu lation of diagnostic sensitivity and specificity can be determined by 

associati ng the positive and negative categorica l data with the known infection 

status for each animal using the two-way contingency tab le (Table 1 . 2 ) .  
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Table 1 .2 :  Two-way contingency tab le demonstrating the possib le d iagnostic 

test outcomes and defi nitions. 

Test Positive 
(T +) 

Test 
Negative 

(T-) 

S . . . TP 
ensl!L vlty = ----

(FN + TP) 

S ;.r,· . TN 
pec11 tclty = ----

(TN + FP) 

(Smith, 1995) 

Disease 
Present 

(D+) 
{TP) 
True 

Positive 
(FN) 
Fa lse 

Negative 

Disease 
Absent 

(D-) 
(FP) 
Fa lse 

Positive 
{TN) 
True 

Negative 

There are four possib le test outcomes : two correct and two incorrect. The 

va l ues for a l l  four outcomes are used to estimate test sensitivity, specificity, 

predictive va lue and accuracy and the preva lence of d isease (Smith, 1995) .  

Ind ividuals are categorised into these four sections depend ing on how the 

resu lts of the test of i nterest compare to the reference standard .  Hence those 

i n  agreement with the standard would be either TP or TN (OIE, 2000b; Smith, 

1995) 

An accurate prediction of a positive or negative test resu lt re l ies not only on 

d iagnostic sensitivity or diagnostic specificity; it a lso depends heavi ly on the 

preva lence of d isease in a g iven popu lation. Genera l ly the preva lence wi l l  not 

affect the sensitivity or specific ity but wi l l  a lter the predictive values for both 
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positive and negative d isease status (Grei ner & Gardner, 2000) .  The predictive 

va lue is the probabi l ity of a test result reflecting what is truly occurring i n  the 

popu lation (Kraemer, 1992) .  A positive predictive va lue is the probabi l ity of 

disease in an  an ima l  with a positive test result and a negative pred ictive va l ue is 

the probabi l ity that an an ima l  does not have the d isease when the test result is 

negative . The predictive va lues are relative; they wi l l  vary with the preva lence 

of d isease i n  the popu lation from which the an ima l  came (Smith, 1995; Gardner 

& Greiner, 1999) .  As the l i ke l i hood of d isease is  i ncreased so too the negative 

predictive value decreases . 

The pred ictive va l ues can therefore be improved if the determined sensitivity 

and specificity a re at the highest rate achievab le .  H igh sensitivity and h igh 

specificity result in  h igh predictive val ues, thus min imisi ng the chance of fa lse 

positives and negatives (Smith, 1995;  Gardner & Greiner, 1999) .  However the 

preva lence of d isease in a population  has an over-ridi ng effect on predictive 

va lue and even high ly sensitive and specific  tests can have low pred ictive values 

if the preva lence of d isease is close to 1 00% or close to 0%.  

The va l idation of  d iagnostic tests does not end with a time l im ited set of 

experiments, rather it must be considered a process that requ i res constant 

monitoring and reassessment of performance characters for the populations to 

which it is appl ied.  
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1. 7 Thesis outline 

The optimisation and standard isation of reagents and protocol has been 

establ ished in the designed hand-held assay and so the purpose of this study 

was to eva luate the assay performance in terms of its specificity and sensitivity 

with appropriate samples col lected from Austra l i an  a nimals .  From the outset 

obta in i ng an estimate of specificity appeared h igh ly l i kely due to the sufficient 

number  of naive an ima ls  from which samples cou ld be col lected . However, the 

assessment of diagnostic sensitivity depended on natura l ly occurring cases of 

anthrax during the time frame of the study. Thi s  was a lways going to be 

difficult because of the infrequent and unpredictable occurrence of outbreaks i n  

Austra l ia .  Nevertheless, even if on ly an  estimate of specificity cou ld  be 

obtai ned this was considered sufficient justification for the project and in the 

Austra l ian context, an  estimate of d iagnostic specifi city is of most importance to 

avoid wrongly declari ng the presence of anthrax . The ramifications of an  

i ncorrect diagnosis are considerable both with i n  Austra l ia and internationa l ly 

due, amongst other th i ngs, to trade effects. Estimates of specificity need to be 

made with samples col lected i n  the same geographic area, with the same 

species of an imals and under the same condit ions that tests for anthrax would 

be conducted . Th is ensures that any substances, microbia l  or  otherwise, 

present i n  that environment that might g ive rise to fa lse positive reactions, are 

detected . This study was therefore conducted with an emphasis on obta in ing 

i nformation on specific ity of the test whi le at the same t ime being a lert to 

capita l ise on any situation that might arise, wh ich would provide sam ples for 

estimating sensitivity.  
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C HAPTE R TWO :  

S PECI FICITY O F  TH E HAN D- H E LD 

I M M U N OCH RO MATOG RAPHIC 

ASSAY 
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2.1 Introduction 

Identifying a nimals that have d ied from anthrax is reasonably stra ightforward . 

The traditional  b lood smear sta ined with aged methylene b lue and bacteria l  

cu lture are the recommended standards for detecting the bacterium (OIE, 

200Gb) . However there are two ma in  d isadvantages with these methods. Fi rst, 

the ava i lab i l i ty of a microscope and the ski l l s  requi red to make and i nterpret a 

b lood smear on site a re not a lways practicable resulting i n  s ignificant time 

delays. Bacteria l  cu lture must be performed i n  a reg istered veterinary 

laboratory with an  overnight i ncubation .  Second ly, if the unopened carcase is  

i n  an  advanced stage of decomposition the l i ke l i hood of col lecting a mean i ngfu l  

sample for either of these methods i s  remote; the longer the exposure to 

putrefactive bacteria the less l i kely you a re to detect B. anthracis (Ste in ,  1942) .  

There are a lso considerations of  occupational hea lth and safety related to the 

col lection and transport of samples to a laboratory and the propagation in the 

laboratory of the bacterium and the possi b i l ity of exposure of laboratory 

technicians .  

The immunochromatographic assay is a rapid, hand-held device capable of 

detecting B. anthracis i n  the body flu ids of an  an imal  that has d ied from 

anthrax; it is comparable to a sandwich immunoassay ( page 23 Figure 1 .2, 

page 38 Figure 2 . 1 ) . Antibody i s  coated onto p ink/red-coloured col lo idal  gold 

particles. If PA is present in a sam ple it wi l l  b ind to this antibody-gold com plex 

and pass a long an absorbent wick. Once this complex reaches the bound 

immobi l i sed capture antibody on  the test strip it wi l l  bi nd and produce a n  
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i nd icative red l ine .  The positive control wel l  has capture antibody reactive with 

the antibody coated onto the col lo idal gold particles as wel l  and must therefore 

i ndicate a red l i ne i n  each assay. If there is no detectab le PA in  the sample 

only the positive control wi l l  form a p ink/red l i ne indicati ng that the test has 

worked even though the sample has yielded a negative result (Burans et a!, 

1995) .  It  is both robust and specific  for detection of the PA component of the 

B. anthracis toxin and is sti l l  able  to perform when the tissues a re decomposed . 

This can be demonstrated by work performed i n  the Etosha Nationa l  Park by 

Tubbesi ng 1997, where it was found that the assay was ab le to identify anthrax 

cases even in advanced stages of putrefaction, where bacteria l  cu lture was not 

possible, suggesting a h igh degree of sensitivity (Tubbesing et a!, 1997) .  

Analytica l assessment of the hand-held assay detects as l ittle as 25 ng/ml of PA 

i n  blood or tissue (Burans et a!, 1995) .  

Classica l ly anthrax runs a peracute course i n  ruminants resu lti ng i n  death 

before the expression of c l in ica l s igns (Turnbu l l ,  1998) .  The textbook 

description of blood exuding from orifices (Merchant & Packer, 1967) is not 

always observed . On-site diagnosis is often not possible, as veterinary 

practitioners do not have the equi pment or the abi l ity to perform and interpret 

resu lts of a stai ned blood smear. It wou ld therefore be va l uable, in  the 

absence of c l i nical signs, to have a rapid, "cow-side" test to precl ude on-site 

necropsy in  the case of sudden death when anthrax is suspected . 

An important attribute of any diagnostic test i s  its specificity. This i s  particu larly 

true with a test for anthrax because a positive resu lt has serious i m pl ications for 
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animal  and publ ic hea lth and can impinge on local and i nternational trade.  In  

the large outbreak that occurred i n  the Gou lburn Va l ley in  1997, beef exports to 

Asia were at risk, Indonesia for example imposed a ban on beef and l ive cattle 

imports (Lovett, 1 997) .  A test that gave fa lse positive reactions cou ld have 

severe financial imp l ications as wel l  as decrease the cred ib i l ity of veteri nary 

authorities, unless the test results were confi rmed by defin itive diagnostic tests 

such as b lood smear or cu lture, before an offic ia l  d iagnosis was reported . 

Hence the importance of estimating the diagnostic specific ity of this rapid on­

site test for anthrax. This study was conducted to provide an estimate of 

specificity by testing animals not i nfected by anthrax but presented at 

knackeries under c ircumstances and in conditions s imi lar to those under which 

anthrax infected carcases would be presented . 

2.2 Materials and methods 

Blood samples were col lected post-mortem from 240 cattle at the Stanhope and 

Camperdown knackeries i n  Victoria .  Assays were performed on site, blood 

smears prepared and stained and a sample of b lood transported back to the 

laboratory for bacteria l cu lture. Deta i ls of the sex, breed, location and any 

i nformation known about the cause of death of the animal were recorded . 

2 . 2 . 1 Collection of blood samples 

Blood was col lected into a steri le  1 0  ml tube (Sarstedt, Austra l ia )  from the 

jugu lar  vein  of each an imal sampled . Each sample was g iven a un ique number 

that would correlate with the record sheet and a l l  tests performed. 
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2 .2 .2  Blood smear 

A smal l  drop of blood was placed at one end of a glass m icroscope sl ide. A 

smear was prepared by position i ng another sl ide upright over this d rop to 

spread the b lood across the s l ide in  one smooth movement. The smear was 

heat fixed by flaming and placed i nto aged polychrome methylene b lue sta in  

(Appendix 1 . 1 ) for 2 to 5 m inutes, washed i n  fresh water a nd then placed onto 

a heat box to dry. The stai ned s l ides were transported back to the laboratory 

for microscopic examination . One drop of Biomount mounting fl uid (Biocorp, 

Austra l ia) was placed at the centre of the sta ined fi lm and a covers l ip  gently 

lowered onto the drop and centred . The mounting flu id was given a day to 

harden before examin ing .  Each smear was g iven an i nd ividual number 

correspond ing to the culture and the hand-held assay and identifying the 

knackery and the date of sample col lection. 

Blood smears were examined, independently of culture or hand-held assay 

results, under oil immersion.  The presence of large, square ended, p ink to red, 

encapsu lated baci l l i  present in  long cha ins was classed as  positive for anthrax. 

The absence of these characteristic baci l l i  was recorded as negative .  Al l 

organisms observed were noted . 

2 .  2 .  3 Hand-held immunochromatographic assay 

A steri le dacron swab  (Crown Scientific, Austra l ia)  was di pped i n  the tube of 

blood and placed i nto a 5 ml tube (Biocorp, Austra l i a )  conta in ing 3 ml of 

sample d i l ution buffer (Appendix 1 .2) .  Us ing a transfer pipette (Biocorp, 

Austra l ia)  5 drops, approximating 200 11-L, of the sample preparation were 
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placed i nto the sample wel l .  The sample was a l lowed 15  m inutes to wick 

through the assay and the result was then read . 

Figu re 2 .1 :  Schematic diagram of the i nterpretation of resu lts i n  the hand-held 

assay. 

Negative ___. D ( ll 
• Reaction 

• 
il6 I 15 

• 
minutes 

I Positive 
� Reaction D ( I ll Sample � wicks 

added through J� A• 
to wel l  result window 

Sample Control 
Line Line 

A negative test resu lt for a sample i ndicates that the sample does not conta i n  

anthrax PA o r  that PA i s  present but the concentration is  below that detectab le 

i n  th is  assay. A positive result i ndicates that the test sample conta ins anthrax 

PA at a level greater than 25 ng/ml. Hand-held assays were kept cool on ice 

and brought to room temperature just prior to use. 

2 . 2 .4 Culture 

The rema in ing b lood samples were transported back to the laboratory on ice 

and bacteria l  cu lture performed. Each b lood sam ple was cu ltured on two sheep 

blood agar (SBA) plates (Appendix 1 .3),  one aerobica l ly and one anaerobica l ly, 

and aerobica l ly on a PLET (Knisley, 1966) (Appendix 1 . 4) and a MacConkey 

agar p late (Appendix 1 . 5 ) . Each agar p late was label led with the date and 
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identification number. A loop of blood was streaked onto each agar p late using 

aseptic techniques i n  a Class II biological hazard cabinet. Once the samples 

were added to each plate they were placed with in  a sea led conta iner and 

i ncubated at 3JCC for 24 h .  The second SBA plate was placed with i n  an  a i r  

proof chamber with an  anaerotest strip (Merck, Austra l ia) and a sing le anaero­

pack bag ( bioMerieux, Austra l ia) to create the anaerobic condit ions and 

i ncubated at 3JCC for 24 h .  

Each plate was examined for growth with i n the Class II cabinet and resu lts 

recorded . The a naerotest strip was examined for each chamber to determine 

whether the anaerobic conditions had been met. Each culture result was 

recorded i n  a spreadsheet and anythi ng that looked simi lar  to B. anthracis, such 

as i rregu lar  shape, g round g lass appearance and a dry texture ( Pa rry et a!, 

1983), was further i nvestigated . The colony of i nterest was subcu ltured onto a 

fresh SBA plate to check for haemolysis, onto MacConkey as B. anthracis wi l l  

not g row on th is  agar and onto PLET as th is is considered to be the most 

selective med ium for B. anthracis. Gram sta in  (Appendix 1 .6),  cata lase tests 

(Appendix 1 .  7) were a lso performed . Moti l i ty tests (Appendix 1 .8 )  were 

performed as B. anthracis is non-moti le ,  which is an unusual characteristic 

among Bacillus spp. Isolated organ isms were classified non-anthrax Bacillus 

spp but not taken out to fu l l  identification,  Clostridium spp was based only upon 

morphology and Gram sta in .  

Whole blood a nd serum have been stored at  -80°C for potentia l  further testing . 
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2 .2 . 5  Preparation of protective antigen 

PA was extracted from the Sterne vaccine to be uti l ised as a positive control for 

the imported tests as no field cases of anthrax occurred during the study. 

Sterne vacci ne stra in  34F2 seria l  number 270 was used to extract PA. A sma l l  

vol ume (0 . 1 ml)  of  vaccine was streaked onto a SBA culture p late with in  a 

Class II Biologica l Hazard Cabinet using aseptic techniques, placed withi n  a 

sea led conta iner and incubated aerobica l ly at 3JOC for 24 h .  After 24 h a loop 

of colonies was transferred to an 80 ml conical flask contai n ing 3 ml of 

germination med ium (Appendix 1 .9 ) .  The flask was sea led with parafi lm  a nd 

placed on a shaking platform at 3JOC for 17  h .  After the incubation period 1 . 5  

ml  of the flask contents was transferred to a 2 m l  eppendorf tube (Se lby 

Biolab, Austra l ia ), sea led with parafi lm  and spun i n  a microcentrifuge (Beckman 

MicrofugeE, Un ited Kingdom) at 16,000 rpm for 2 minutes.  Once centrifuged,  

the cel lu lar  debris was pel leted and d iscarded as  the PA was conta ined with in 

the supernatant. The supernatant was d i l uted 1 : 2 with sam ple d i l ution buffer 

and then 200 I-ll transferred to the sample wel l  of the hand-held assay and 

a l lowed 15 minutes to wick through the assay. The extracted PA was used as a 

positive control to test the two batches of imported tests once they were 

received in the laboratory, but was not used in the field a longside each sample.  

2.3 Results 

A positive resu lt  with the prepared PA antigen was obtained with each of the 

two batches of hand-held assays confi rm ing that they were a ble to detect PA. 
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Blood samples from 240 cattle were tested i n  the hand-held assay and 

com pared with the results of culture and blood smear. Al l samples gave 

negative resu lts in the hand-held assay and B. anthracis was not detected i n  

any sample by culture or by di rect microscopic examination (Table 2 . 1 ) .  

Table 2. 1 :  Results of examination of b lood from cattle a t  two knackeries for B. 

anthracis by hand-held assay, sta ined blood smear and culture.  

Number of 
N umber of N umber of 

Location 
Number of Positives on 

Culture Smear 
samples hand-held 

positive positive 
assay 

Stan hope 
82 0 0 0 

Knackery 

Camperdown 158 0 0 0 
Knackery 

There were no anthrax positive cases detected using either the hand-held assay 

or blood smear and cu lture. Assuming that there a re no false negatives, which 

is  a reasonable assumption on the basis that anthrax was not d iagnosed in  

Victoria at  any t ime dur ing sample col lection and by compari son  with the 

defin itive diagnostic tests, the hand-held assay had a specificity of 1 00% (98 . 5-

1 00% 95% Cl Fisher's exact) for Victorian cattle (Gah l inger & Abramson, 

1995) .  
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The fol lowing tables provide i nformation  on the types of bacterial flora detected 

in  the cattle sampled from Stanhope (Table 2 .2)  and Camperdown knackeries 

(Table 2 . 3 ) .  

Table 2 .2 :  Resu lts of isolation from the blood of 82 cattle a t  Stanhope 

knackery. 

CULTURE TYPE 

PLET MacConkey 
SBA I SBA 

aerobic j a naerobic 

1 
No g rowth 71  50 38 25 

; 
i 

Bacillus spp 0 0 1 0 
; i 

Bacillus spp ! ! 
2 0 7 1 

& others 

Clostridium 0 0 0 2 
spp 

Clostridium 0 0 0 4 
spp & others 

Others 9 32 36 19 

Totals 82 82 82 5 1 *  

* Note : The d ifference i n  total i s  d ue to anaerobic condit ions not being met in  

3 1  cultu re plates out of  the 82.  
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Table 2.3 : Results of isolation from the blood of 1 58 cattle at Camperdown 

knackery. 

CULTURE TYPE 

SBA i SBA 
PLET MacConkey 

aerobic I a naerobic 

i 
No growth 1 3 1  83 6 1  6 2  

Bacillus spp 1 0 3 0 

Bacillus spp 
1 0 12  1 

& others 

Clostridium 
0 0 0 0 

spp 

Clostridium 
0 0 0 2 

spp & others 

: 

I Others 25 75 I 82 88 

1 58 
i 

1 58 I 1 58 I 1 53* Totals 

! ! 

*Note : The d ifference i n  tota l is  due to anaerobic cond itions not bei ng met i n  5 

cu lture p lates out of the 1 58 .  

2.4 Discussion 

The purpose of th is  study was to determine the specificity of the hand-held 

assay for anthrax. A total of 240 cattle were sampled from two a reas withi n  

Victoria .  The samples were col lected from an imals that were either found dead 

on farm or euthanased and were typical of animals from which a nthrax may be 
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suspected i n  the fie ld .  A l l  assays performed were negative and i n  agreement 

with the definitive d iagnostic tests; cu lture and b lood smear. Thus the hand­

held assay was regarded as 100% specific (98 .5 -100%; 95%CI) for these cattle 

examined in Victoria . 

The hand-held assay i s  based on specific  Anti-PA monoclonal antibod ies. 

Monoclonal antibod ies a re d i rected towards a s ingle antigenic determ inant, 

which makes them h igh ly specific  for a particu lar  epitope of the bacterium of 

i nterest and therefore less l i kely to produce cross-reactions with other bacterial 

antigens (8rock et a!, 1994 ) . The two monoclona l  antibodies chosen for this 

assay were shown to have high epitopic specific ity and affin ity for PA. 

Monoclonal antibod ies 14-87 and 30-2 were shown to be d i rected at two 

d ifferent epitopes on the PA molecule and that 1 4-87 was the most suitable  as 

a capture antibody and 30-2 was most suitable  as a detector antibody (8urans 

et a!, 1995) .  The hand-held assay was designed to be a simple rapid and 

robust field assay, so the positive control is  i nterna l .  

Extracted PA was used to demonstrate that the two batches of tests that 

a rrived from the Un ited States Nava l Med ica l Research Center were capable of 

detecting the anthrax PA, beyond this, samples were tested in the fie ld with 

only the i nterna l  control .  The absence of a n  i nd icative p ink/red l i ne in the test 

control window was to be i nterpreted as a fai led test; this was never 

experienced duri ng  th i s  study. 
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The tri partite exotoxin (PA, EF, LF) i s  widely distributed at 1-!g/ml 

concentrations throughout the body at death from anthrax (Tubbesing,  1997; 

Burans et a!, 1995) .  S ince the hand-held assay has an ana lytica l sensitivity of 

100% at 25 ng/ml of PA (Bura ns et a!, 1995) it is h igh ly un l i kely that an  an ima l  

havi ng d ied from anthrax would go  undetected i n  this system .  

As this study was designed to eva l uate the specificity of the hand-held assay, 

sites for sampl ing were chosen to represent two different geographic a reas with 

either recent history of anthrax (Turner et a!, 1999b) or an area where anthrax 

has not been detected for more than fifty years (Seddon & Albiston, 1965) .  

The catt le sampled i n  this study were taken from two knackeries. They were 

chosen largely for convenience of obta in ing large numbers of dead cattle that 

ranged from immediate sam pl i ng post-euthanasia to those that died on farm 

ranging from hours to days o ld .  

Stanhope knackery situated in  the north of Victoria receives carcases from a l l  

over the Goul burn Va l ley, an  area which experienced a large sca le anthrax 

outbreak in 1997.  Si nce 1999 there has been no anthrax reported throughout 

this area (Murray, 1997) and it was therefore regarded as a representative a rea 

to sam ple.  Cattle a re routi nely vaccinated for anthrax in this region,  however 

the vaccination status of the animals sampled was unknown. The presence of 

vacc inated an ima ls  was not expected to be a problem for the ana lysis of the 

hand-held assay because the monoclona l  antibodies in the assay detect PA not 

antibody titres. No cattle in this region were vaccinated for anthrax in 200 1 .  

Camperdown knackery i n  the south west of Victoria i s  considered to draw 
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carcases from an a rea that has not had anthrax d iagnosed since 1963 (Seddon 

& Alb iston,  1965) .  However the h istory of the cattle from both knackeries is  

unknown and i t  is  conceivable that some may have recently a rrived i n  the 

d istrict from other areas. 

Culture was used to demonstrate the presence of a l l  bacteria in the blood 

samples col lected . SBA is  an  enriched med ium that supports the growth of 

most bacteria, so you would expect most bacteria l  isolates on this med ium.  

MacConkey agar  conta ins b i l e  sa lts selective for enteric organ isms. PLET is a 

med ium that is  designed to exclude the growth of bacteria other than  B. 

anthracis and i s  therefore un l i kely to have anyth ing else g row. Bacillus spp 

other than B. anthracis, Clostridium spp and other genera l  putrefactive bacteria 

were a l l  cu ltured from samples col lected in this study. Putrefactive bacteria or 

bacteria l  flora in the envi ronment can a lter the specificity of a test through 

cross-reactions that lead to false positive resu lts or mask the presence of B. 

anthracis i n  smears or on culture plates.  It was for this reason that it was 

i mportant to take note of a l l  species of bacteria that were cu ltured . From the 

resu lts of culture it can be stated that there was a high rate of an imals that had 

no bacteria present i n  cu lture;  46% for Stanhope and 39% at Camperdown 

based on the standard SBA culture. It is  pro bable that the negative cultures 

were common with those an imals presented at the knackery with in  a couple of 

hours of euthanasia, as opposed to those found dead from a variety of causes. 

Bacteria l  flora in a carcase wi l l  vary with geographical location and this may 

i nterfere with the specificity of a d iagnostic test. A good example of 
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geographical  differences a ltering the specific ity of a test is the d ifference seen 

between northern and southern Austra l i an  cattle in an absorbed ELISA for 

Johne's d isease. The Johne's disease absorbed ELISA was found not to be as 

specific in northern Austra l ian cattle with 1 .2 and 3% rate of fa lse positives 

compared to 0 . 7% for southern Austra l ian cattle (Pitt et a!, 2002) .  The major 

difference observed between the northern Austra l ian animals and those of 

southern Austra l ian an imals was geography, thus suggesting that differences in  

envi ronmenta l factors such as presence of other cross-reacting bacteria l  

antigens, perhaps from envi ronmenta l  bacteria ,  cou ld cause the h igher rate of 

fa lse positives (Pitt et a!, 2002) .  This study emphasises the differences that can 

exist with tests performed in  the same country, for the same d isease, i n  the 

same species. This is particularly so in a country l ike Austra l ia  where vast 

distances may cover a range of physica l  and cl imatic types from mi ld 

Mediterranean,  through hot and arid desert to wet tropics . It is important when 

estimati ng the specificity of a diagnostic test that the samples should represent 

the popu lation for which the test is going to be used (Noordhuizen et a!, 1997) .  

This wi l l  ensure that any cross-reacting bacterial antigens in  the envi ronment of 

the population of i nterest a re present in the samples from which estimates of 

specificity may be derived . 

Different species of an imals wi l l  a l so influence the outcome of the 

epidemiological determinants of sensitivity and specificity, though this may be 

more of an issue when the test is detecting antibodies in serum rather than 

testing for the presence of specific  antigen.  For example i n  a study conducted 

by Turnbu l l  in the Etosha National  Park in 1995 using the hand-held assay for 
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detection of PA i n  various an imals it was found that 40% of hyena sera gave 

rise to fa lse positives. This was attri buted to a component, thought to be a nti­

mouse IgG antibody i n  the hyena sera and was overcome by i ncorporating 

normal mouse or rabbit IgG i nto the specimen (Turnbu l l  personal 

communication) .  This i l l ustrates problems that may occur when extending the 

l im its of a test specified for a particu lar  species and the differences that can 

exist between species of an imals .  

In  Austral ia anthrax occurs i n  belts throughout Victoria and New South Wales 

( Beveridge, 1983) ;  much less so in Victoria where it is  regarded as occurring i n  

sporadic outbreaks rather than as an endemic d isease. Withi n  these a nthrax 

belts, sheep tend to be more commonly affected in  New South Wa les and cattle 

in Victoria (Wise & Kennedy, 1980) .  The specificity of the hand-held assay has 

now been determined for use in  cattle with in  Victoria .  It cannot be stated with 

certa i nty how specifi c  the assay would be when used in  other parts of Austra l ia ,  

i nternationa l ly or i n  other an ima l  species since the test sensitivity and specificity 

may vary accordi ng to popu lation, age and geography. However s ince the test 

rel ies on detecting a ntigen and not anti body, it is suggested that this potentia l  

variation would be un l i kely to be s ign ificant. 

Although the d iagnosis of anthrax can often be made through b lood smear 

stai ned with aged methylene b lue and bacteria l  culture, the ava i lab i l i ty of these 

methods and t ime involved makes them less useful to a fie ld-based 

veterinarian .  The hand-held assay is a s imp le test that can be performed on­

site. There a re no requ i rements for specia l ised equ ipment, such as  the 
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microscope, microbiolog ical knowledge or ski l l s  beyond very basic tra in ing i n  its 

use. The hand-held assay provides a rapid and s impl ified assay for determin ing 

the presence of anthrax i n  animals that have d ied sudden ly, offering an on-site 

d iagnosis rather than a retrospective d iagnosis .  Time to disease diagnosis is  

important in  the event of an  outbreak. The hand-he ld assay offers a result in  

15 minutes; this a l lows for immed iate carcase disposal and area disi nfection, 

which l im its the amount of a rea contamination . A rapid resu lt wi l l  a lso a l low for 

timely commencement of vaccination of i n-contact stock as deemed appropriate 

by the responsible veterinary authorities. Importantly, in this study no fa lse 

positive reactions were detected with the assay. On the basis of the number  of 

an ima ls  tested, one can have 95% confidence that, if a much larger popu lation 

had been tested, then the number of fa lse positives would not have been 

greater than 1 . 5%. 
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C HAPTE R TH RE E :  

EVALUATIO N  O F  TH E HAN D-H ELD 

ASSAY I N  CATTLE I M M E DIATELY 

AFTER VACCI NATIO N  FO R 

ANTH RAX 
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3. 1 Introduction 

The importance of vaccination as a means of contro l l ing anthrax is  wel l  

establ ished . Sterne's early tria ls with the 34F2 vaccine i n  South Africa between 

1925 and 1941 h igh l ighted its effectiveness, with the number of deaths of cattle 

in areas that had previously suffered major losses being reduced from about 

7500 i n  1925 to less than 700 per yea r  i n  1941 (Sterne et a/, 1942) .  Th is 

number is  possi bly more significant as there is now active su rvei l l ance to 

identify cases of anthrax whereas previously it was considered less important. 

After the dramatic reduction in deaths Sterne deduced that vaccination cou ld be 

an effective means of l im iting further spread i n  the event of an outbreak 

(Turnbu l l ,  199 1 ) .  Upon introduction of a specific vaccination program i nto a 

population, the inc idence of anthrax drops marked ly, since d isease spreads 

poorly through a popu lation in wh ich large proportions of ind ividuals are 

immune.  However the organism does persist i n  the envi ronment for many 

years so vacci nation programs may need to be conti nued i n  endemic areas long 

after the last case of anthrax has been detected . 

The anthrax spore vaccine 34F2 (Colorado Serum Company, Colorado) is  

prepared from a non-pathogenic, non-encapsulated (PX01 + ,  PXOT), toxigenic 

variant stra i n  of B. anthracis, orig i na l ly developed by Sterne in 1937. The 

an ima l  vaccines that are sti l l  i n  use today are essentia l ly as orig ina l ly formulated 

(Sterne & Robinson ,  1939), with approximately 107 spores per ml suspended i n  

0 . 5% sapon i n  i n  50% g lycerine-sa l i ne .  For susceptible species such as sheep 

and cattle, anthrax is  probably i nvariably fata l .  Si nce there i s  no cure i n  these 
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economica l ly important species, preventative methods such as vaccination are 

the only defence against spread of d isease. In the event of an outbreak ri ng­

vaccination, a process of vaccinating i n-contact animals and those on 

surrounding farms, is employed to prevent further spread of disease. This 

approach to control was used in the Gou l burn Va l ley outbreak in 1997, where 

78,649 cattle with i n  457 herds were vaccinated i n  an  area approximately 30 km 

east-west and 20 km north-south surrounding the i n itia l ly detected cases. The 

ring vaccination ceased when there were no longer any new infected properties 

and a l l  of the i nfected properties were i nside the vaccination zone. Of the 83 

properties i nfected with anthrax 50 had one confi rmed case, 25 had two to four 

cases and 8 had five or more cases confi rmed (Turner et a/, 1999a) .  Vacci ne 

manufacturers c la im that an imals w i l l  have developed protection 1 0  to 14 days 

post vaccination (Turner et a/, 1999a) .  In the Louis iana outbreak, United States 

of America, i n  1971  the vaccine consistently reduced morta l ities i n  susceptible 

species i n  8 days or less (Kaufmann et a!, 1 973) and in sma l l  l imited outbreaks 

in Austra l ia it has been shown to be effective at 7 days (Turner et a!, 1999a) .  

Once a vacci nation program was sta rted i n  the Goulburn Val ley outbreak the 

number of deaths was 132 after 1 0  days, 1 2  in the fol lowi ng 5 days, 1 3  i n  the 

fol lowing 20 days and one i nd ividua l  57 days post vaccination (Turner et a!, 

1999a) .  Thus emphasising the va l ue of a vaccination prog ram as an  effective 

means to l im it the spread of d isease. 

Vaccines a re made of immunogens which are substances that, when 

admin istered to a nimals in the appropriate manner i nduce an immune response 

(Brock et a!, 1994). The PA component of the toxin is considered to be highly 
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immunogenic (Hambleton et a!, 1984; Stan ley & Smith, 1963) and due to its 

presence in  both oedema and letha l  toxins produced it is the ideal immunogen 

for the anthrax vaccine (Little & Ivins, 1999) .  As such protection aga inst 

anthrax i n  the susceptib le host is dependent a lmost enti rely on its immune 

response to one antigen, the PA component of  the anthrax toxi n (Ivins & 

Welkos, 1988). The presence of PA by itself i n  a chemical vaccine (genera l ly 

produced for human vaccines), or its production by a l ive stra i n  (current an imal 

vaccine), is both essentia l and sufficient to induce protective immun ity to 

anthrax (Little & Ivins, 1999). Immunity to the LF and EF components a re 

bel ieved to have neg l ig ible contributions to protection and as  yet no other 

antigens have been identified as contributory (Tu rnbul l ,  1998) .  The vaccine 

stra in  of anthrax is  sti l l  capable of produci ng toxin equiva lent to that of a 

viru lent stra in but general ly without the fata l effects (Harris-Smith et a!, 1958) .  

The vaccine thereby reta ins a h igh antigenicity capable of i nduci ng strong 

immunity when inoculated i nto an ima ls yet without causing d isease (Brock et a!, 

1994) . 

The protective effects of a single dose of 34F2 stra in  of B. anthracis vacc ine is  

estimated to last one year (Sterne, 1939) .  Experimenta l ly i t  has been shown 

that sheep are fu l ly resistant to experimenta l  cha l lenge in less than one week 

after vaccination and that immun ity lasts 14 months .  This may vary according 

to the animal ;  for example, a horse can take as  long as 4 to 6 weeks to become 

fu l ly immune. The safety marg in  for the vacc ine is therefore set at 10 to 14  

days for cattle and  sheep to be classed as immune and  annual  boosters are 

recommended i n  endemic anthrax a reas (Spears & Davidson, 1959) .  
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The hand-held assay detects PA i n  the b loodstream or tissue flu ids of an  an imal 

that has d ied from anthrax. The PA is present in combination with both EF and 

LF and this may be cleaved to produce active ET and LT respectively ( Little & 

Ivins, 1999) .  In an an ima l  that has d ied from anthrax, PA is a lways present i n  

blood and i n  the tissue flu ids (Burans et a!,  1995) .  Dur ing infection with B. 

anthracis there is a septicaemic phase when PA is released i n  the bloodstream.  

However fol lowing vacci nation with the l ive Sterne vaccine, PA is  a lso produced 

and there is at least a theoretica l possib i l i ty that this might be present in b lood 

at a sufficient concentration to yield a positive result, particu larly i n  the first few 

days post-vacci nation . In the event of an  anthrax outbreak it is common 

practice to ring-vaccinate to prevent further spread . If the assay detected PA i n  

the blood of vaccinated an imals i n  this early post-vaccination period, fa lse 

positive d iagnoses of anthrax cou ld be obtai ned with an imals that d ied for 

unre lated reasons. 

Anthrax i s  a List B d isease i n  the World Organisation for Animal Health, which 

means that it is a transmissib le d isease considered to be of socio-economic 

and/or publ ic hea lth importance with in  countries that are significant i n  the 

i nternational  trade of an imals and animal products (OIE, 2000a) .  Properties are 

placed under quarantine when anthrax has occurred and when ring-vaccination 

has commenced . Both requ ire that movement of an imals and an ima l  products 

are restricted for a withhold i ng period of 42 days on the sa le of any anima l  

(Murray, 1997).  The repercussions for a property w ith a positive test for 

anthrax a re more severe affecting the overa l l  status of the property; this status 

may have lasting effects for future management. Al l m i lk  from the i nfected 
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farm, i nc luding m i lk  from any cow dying due to anthrax up to eight hours after 

m i l ki ng, is destroyed and a l l  equipment sanitised . Vaccinated da i ry cattle have 

a n i l  withhold ing period on their m i l k  (Murray, 1997) .  Th is wi l l  have lasting 

economic penalties on a property owner. The risk of fa lse positive resu lts 

caused by a common procedure requ ires i nvestigation .  This study was 

therefore conducted to determine whether positive reactions were detected 

with the blood of cattle immed iately after vacci nation and,  if so, how long they 

persisted .  

3.2 Materials and methods 

3.2. 1 Calculation of concentration of spores in vaccine 

Into 99 ml of g lycerol sa l i ne (Appendix 2 . 1 )  was added 1 ml of Sterne 34F2 

seria l  number 270 vaccine.  This 1 : 100 d i l ution approximates 1 0,000 

spores/ml. After vigorous mixing, the 1 : 100 vaccine d i lution was d i l uted one 

hundred fold in g lycerol sa l ine to achieve a 1 : 10,000 d i l ution which 

approximates 100 spores/ml. After mixing thorough ly, the 1 : 10 ,000 vaccine 

d i lution was d i l uted ten fold i n  g lycerol sa l ine to achieve a 1 : 100,000 d i lution, 

wh ich approximates 10  spores/ml. The 1 : 10,000 and 1 : 1 00,000 d i l utions were 

used to estimate by quantitative cu lture the number of spores i n  the vaccine 

used on the cattle. One ml of each d i l ution was added i n  tri pl i cate to steri le 

Petri dishes (Crown Scientific, Austra l ia )  with in  the Class II Biological hazard 

cabi net. To each dish was added 20  ml of pre-melted tryptose agar (Appendix 

2 .2 )  cooled to 53°C, the dish was then swi rled in a figure e ight pattern to gently 

m ix the agar and d i luted vaccine together. The plates were a l lowed to cool ,  
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i nverted and placed i nto a sea led conta iner and i ncubated at 3rC for 24 h .  

After 24 h the viable colonies were counted on  each plate and the number of 

spores calculated . 

Fort Dodge Austra l ia (Penrith, New South Wa les) anthrax vacci ne stra i n  34F2 

seria l  number 282 exp i ry 25th August 2003 was used as a reference standard .  

3.2.2 Cattle vaccination 

Permission to conduct this study with the 34h anth rax vaccine was obta i ned 

from the Chief Veterinary Officer for Victoria, Dr. Hugh Mi l lar .  

A group of s ix  female and four male 18-month-old Angus and Angus/Hereford 

cross cattle, at pasture in a ten-acre paddock at the Victorian  Institute of 

Animal Science, Werri bee site, was used for this study. Each ind iv idual  had a 

day zero blood sam ple taken and tested i n  the hand-held assay before 

vaccination .  The recommended dose of 1 ml Sterne 34F2 vaccine (Seria l  

Number 270) was admin istered subcutaneously in an  area immediately cran ia l  

to the scapula by a veterinarian .  

3.2.3 Post-vaccination sampling and testing 

Each an ima l  was weighed and da i ly b lood samples were col lected for six days 

after vaccination and then on day 8 and day 15 .  The blood sample  was taken 

from the coccygea l vein of the ta i l  us ing a p la in vacuta iner (Mcfarlane Medical 

Scientific, Austra l ia)  and 18g need le (Mcfarlane Medical  Scientific, Austra l ia ) .  
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On day 2, 5 mL  of b lood from each of the 10  cattle was transferred i nto a 

cu lture bottle conta in i ng 20 mL Tryptose agar  slopes with 5 to 8 ml 

germination med ium .  The cu ltures were placed at 3JDC to incubate aerobica l ly 

for 24 h .  On remova l each culture was swi rled so that the b lood and 

germination med ium was drawn over the tryptose agar slope, then placed back 

at 37°C for a further 24 h i ncubation .  After the tota l 48 h i ncubation, cu ltures 

were examined for bacteria l  growth . 

In  addition to the b lood cultures from a l l  1 0  an imals at day 2,  any i ndividua l  

that experienced a temperature increase of 1 ac or greater was to be cultured . 

Hand-held assays were performed on-site immediately after the blood was 

col lected, according to the methods described i n  2 .2 .3 .  The i nocu lation site 

was examined for inflammation and the recta l temperature recorded at each 

b leed . 

3.3 Results 

The vaccine admin istered i n  th is  study was Seria l  No:  270, with a revised expi ry 

date 15th November 2003 (Appendix 3 .0) and had an anthrax spore cou nt of 

9 . 5  x 106 per ml  (Table 3 . 1 ) . 
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Table 3 . 1 :  The ca lcu lation of viab le spore numbers i n  one ml of 34F2 anthrax 

vaccine.  

Vaccine 
admin istered 
Fort Dodge Control 

Spore cou nt in tri p l icate 
at a d i lution of 105 / m l  

90 95 100 

64 64 7 1  

Average Spore 
count 

105 / m l  

95 

66 

All hand-held assays performed on-site with the blood from cattle vaccinated 

for anthrax were negative for anthrax PA and a l l  bacterial cu ltures performed 

were negative. 

All cattle had loca l ised i nflammation at the inoculation site a lthough the extent 

of reaction varied with each i nd ividua l  with a range of response from 

approximately 3 x 5 cm i n  d iameter to 10  x 8 cm in  diameter. Each i nd ividua l  

had a hot swel l i ng for the fi rst 3 days. At 1 5  days the swel l ing around the 

i noculation site had reduced in  al l  i nd ividua ls  and at day 44 there was no 

apparent swel l ing in any but one i ndiv idual  that had a 1 cm nodu le under the 

ski n .  

Recta l temperatures had a g radua l  dec l ine over the first three days and became 

stable thereafter (Figu re 3 . 1 ) .  
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Fig ure 3 . 1 :  Mean  dai ly recta l temperatures for the ten cattle vaccinated in  this 

study. 
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One individual experienced a 1 oc r ise i n  temperature but it was only on one 

occasion, day 8 .  Al l  other temperatures were with in the range of 38. 1 to 

40.JCC. 

3.4 Discussion 

The purpose of this study was to i nvestigate whether vacci nation with the 

Sterne 34F2 vaccine gave rise to fa lse positive results in the hand-held assay. 

The ten Angus  and Angus/Hereford cross cattle were b lood sampled for a 

period of 15  days to cover the time that PA theoretica l ly would be most l i kely to 

be present i n  b lood after vaccination . With in this timeframe no PA was 

detected in the blood of vacci nated cattle. The immune status, i n  terms of 

antibody leve ls or protection was not mon itored because there is no antibody 

ELISA currently ava i lab le with i n  Austra l ia  and it was not possib le to chal lenge 

the i nd ividua ls  with viru lent B. anthracis/ nor was this the purpose of the study. 
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However this procedu re for vaccination is equ iva lent to that performed i n  an 

anthrax outbreak situation and prophylactica l ly in areas where anthrax is 

endemic. 

Recta l temperature was monitored in each i nd ividual for the duration of the 

experiment to ascerta i n  whether a febri le reaction, defined as a rise of 1 oc from 

the base l i ne measurement, occurred . The base l ine recta l temperature may 

have been affected by the excitement of the cattle on the first day and then the 

drop in average temperature over the next three days may be attr ibuted to the 

cattle acc l imatis ing to daily contact in the crush . There was no detectable 

febri le  reaction.  One i ndividual on day 8 had a r ise in  recta l temperature of 1 oc 

but it was confi rmed to be i n  oestrus. No B. anthracis organisms were isolated 

in culture of the blood samples taken, which ind icates that there was no 

detectable bacteraemia with vaccination .  This is a lso consistent with the 

negative fi ndings in a l l  hand-held assays performed and indicates that, if PA 

was present in  blood, the concentration was below that detectable in this assay. 

The 34F2 anthrax vaccine conta ins saponin  and g lycerine-sa l i ne  (Turnbu l l ,  

1991 ) .  Sapon in is  used as a potent adjuvant to stimulate immune complexes i n  

some ki l led vacci nes, however the 34F2 anthrax vacci ne is  a l ive vaccine and  is  

therefore not i n  need of an adjuvant. A toxic sapon in mixture i s  used i n  the 

anthrax vaccine, where it destroys the tissues at the site of inocu lation so that 

the anthrax spores may germinate (Tiza rd, 1996) .  This causes loca l ised tissue 

necrosis  and an anaerobic focus.  An i nflammatory response was detected in a l l  

ten i nd ividuals i n  the study and varied qu ite considerably i n  size and 
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persistence. The swe l l ing started to decrease between day 8 and day 1 5  and 

was completely resolved at day 44 i n  a l l  but one individua l .  

The role of the capsu le i n  anthrax pathogenesis is crucia l  and can be 

demonstrated c learly through the l ive 34F2 vaccine. Antitoxic immun ity is slow 

to develop so i n  the case of B. anthracis/ toxin  production tends to be 

prolonged because the organism is  encapsulated and phagocytic cel l s  are 

unable to e l im i nate the source. As a resu lt death of the i nd ividua l  is  usual ly 

i nevitable i n  unvacci nated an imals .  The vacci ne is  nonencapsulated but is a 

toxigen ic stra in  of B. anthracis, which a l lows for antitoxic immunity to develop 

because the nonencapsulated bacteria can be removed by phagocytosis before 

lethal levels of toxin can be synthesised but not before antitoxic immun ity is 

stimu lated (Tiza rd , 1 996) .  

In  the event that a recently vacci nated an ima l  has succumbed to anthrax before 

protection has developed, it wou ld be h igh ly l ikely that PA, produced by the 

infecti ng organ ism, would be present in blood at sufficient concentration to be 

detected in the hand-held assay. Th is situation was not tested in the current 

study but wou ld require an experiment in which an imals were tested after they 

were vaccinated and then cha l lenged with v iru lent B. anthracis in the first day 

or two after vaccination .  
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This present study c lea rly shows that the 34F2 vaccine when admin istered to 

cattle does not give fa lse positive test resu lts i n  the hand-held assay. It can 

therefore be used with confidence on samples from recently vacci nated catt le 

that have died, when determin ing whether they have succumbed to anthrax or 

not. 
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CHAPTER FOUR: 

GENERAL DISCUSSION 
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The purpose of this study was to determine whether the hand-held assay was 

an accurate tool for the diagnosis of anthrax in the fie ld .  An in -field assay for 

anthrax is  requi red for the i nvestigation of sudden death in  cattle, as the lack of 

c l in ical s igns with acute anthrax makes it a difficult d isease to diagnose i n  the 

field and it can be overlooked as the cause unti l the resu lts of laboratory tests 

are ava i lab le .  Being a zoonotic d isease it is important for occupational  hea lth 

and safety, to be able to rule out anthrax as a potentia l  cause of death , before 

necropsy of the carcase and the consequent area contamination that may 

occur .  In  the last two notable anthrax outbreaks in  Austra l i a  the i ndex case 

was not d iagnosed immediately. Subsequently, the carcase contaminated the 

immediate area, vegetative baci l l i  were exposed to oxygen a l lowing the 

formation of spores, the herd was exposed and there was a potentia l  for 

blowfl ies and b i rds to spread i nfection . The veteri narian performing the 

necropsy, the microbiologists and tech nicians that handled the a nthrax i nfected 

samples, a l l  wou ld have been at risk of exposu re .  As a result the outbreak 

experienced in  the Gou lburn Va l ley of Victoria in  January 1997 resulted i n  the 

death of 206 animals (Turner et a!, 1999b) and dur ing the most recent 

outbreak at Col l i ngwood station nea r Wandoan ,  Queensland i n  January 2002, 

10  cattle d ied (ProMED, 2002) .  Th is demonstrates that the ava i lab i l ity of a 

"cow-side" d iagnostic tool and suspicion by the veterinarian when i nvestigating 

cases of sudden death i n  animals could ru le out a nthrax as  the cause of death, 

thus permitting appropriate action to ensure m in imal exposu re .  

I t  was therefore important to determine the operating characteristics of  the 

hand-held assay, in terms of its specificity and sensitivity. Due to the lack of 
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cases i n  the period of the study it was only possi b le to determ ine the specificity 

and make some assumptions about the relative sensitivity of the test. The 

specificity of the assay was regarded as 100% for Victoria ,  derived from the 

240 cattle assessed . Sensitivity was unable to be determi ned, however based 

on the ana lytical sensitivity of 25 ng/ml it was reasoned that it wou ld have h igh 

sensitivity because i t  has been shown i n  other stud ies that the blood of an 

infected an ima l  conta ins llg/ml of PA (Burans et a!, 1995) .  Some com parison 

may be made with Turnbu l l 's study performed on 6 spri ngbok, 18 zebra, 1 2  

wildebeest and 3 other unidentified species of an imals that d ied du ring a n  

anthrax outbreak i n  the Etosha Nationa l Park (Turnbu l l  personal 

commun ication) (Table 4 . 1 ) .  

Table 4. 1 :  Hand-held assay results to a l l  positive anthrax cases identified i n  

either b lood smear or cu lture. 

::I: 
QJ 

QJ ::l U'l Q. U'l 
QJ I 

::::; < � 
Q. 

1 4  
Sensitivity = = 0.63 

. (8 + 1 4) 

Positive 

Negative 

Tota l 

Disease Present 

Smear or Cu ltu re 
Positive 

14 

8 

22 
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An an imal  was considered to be positive for a nthrax if it was positive for the 

reference standard of comparison, smear or cu lture. Fourteen out of the 22 

positive cases of anthrax identified by smear or culture were detected in the 

hand-held assay. If you assume tru ly i nfected on either culture or smear then 

the hand-held assay has a sensitivity of 63% .  This is a surprising ly low 

sensitivity with respect to the determined ana lytical sensitivity. However it is 

difficult to draw any defi nitive conclusions on the sensitivity of this assay based 

on 22 samples, the species sampled and the sma l l  sample size, which is based 

on convenient samples rather than a structured study. 

Determination of sensitivity and specificity of a diagnostic test requ i res the 

identification of c learly defi ned groups of d iseased and non-diseased an ima ls .  A 

study examin ing the accu racy of the hand-held assay with respect to its 

sensitivity sti l l  needs to be undertaken .  Determination of sensitivity requ i res 

appropriate samples to be col lected duri ng a natura l  outbreak of d isease and 

with clear defin itions of what constitutes a "true" case of anthrax so that there 

is objective comparison . 

The i nterpretation and the way a test is used wi l l  depend upon the situation 

and the consequences i nvolved with fa lse d iagnosis.  The predictive val ues of a 

test are condit ional probabi l ities, which describe the performance of a 

d iagnostic test with reference to a true resu lt. Positive pred ictive va l ue ( PPV) is 

the proportion of test positive an ima ls that have the disease and the negative 

predictive va lue (NPV) is the proportion of test negative an imals that a re not 

i nfected . Preva lence or pretest probabi l ity wi l l  determine the predictive va lue of 
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a test and can be ca lcu lated for both negative test results, NPV and positive 

test results, PPV (Kraemer, 1992; Smith, 1995) .  

The NPV is calculated usi ng the fol lowing formula;  

(Sackett et a// 1985) 

NPV = 

( 1 - P)Sp 
( 1 - P)Sp + P(l - Se) 

Where P is the pretest probab i l ity of disease and is  representative of preva lence 

in a random sampled popu lation . Sp is the specific ity and Se is the sensitivity 

of the test under examination .  

The PPV is  ca lcu lated us ing the fol lowing formu la ;  

(Sackett et a� 1985) 

PPV = 
PSe 

PSe + ( I - P)( l - Sp) 

The NPV and the PPV can be graphica l ly represented for a test of 100% 

specificity and 63% sensitivity (F igure 4 . 1 ) .  The NPV for any test decreases as  

the pretest probabi l ity of  d isease i ncreases. 
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Figu re 4. 1 :  The predictive va l ues of a diagnostic test with a specificity of 

100% and sensitivity of 63%. 
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Prevalence/pretest probabi l ity 

The hand-held assay has a NPV of greater than 99% when the pretest 

probab i l ity or preva lence is less tha n  2 . 5%.  This makes it a practica l test to use 

for e l imination of suspicion of d isease in areas where a nthrax is un l i kely. In 

situations where the preva lence maybe higher such as du ri ng an outbreak a 

fol low up  smear and/or culture maybe requ i red before the d isease cou ld be 

ruled out. For i nstance where the pretest probabi l ity is h igh  i . e . : g reater than 

1 2 . 5%, the predictive val ue of a negative test is  less than 95%, a rate of 5% 

fa lse negatives might be expected . 

Where testing  is not random, as  in the case of samp l i ng dead anima ls  i n  a 

d isease outbreak, the pretest p robabi l ity is  a function of preva lence, risk 
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factors, c l in ical h istory and c l in ica l  fi ndings. A cow that dies sudden ly with no 

prior cl i n ica l  s igns and a recent h istory of anth rax on fa rm wi l l  have a h igh 

pretest probabi l ity of d isease. 

The PPV for a test wi l l  decrease as the preva lence or pretest probab i l ity 

decreases . For tests approaching 1 00% specificity the PPV wi l l  a lways be h igh, 

except at very low preva lences. In situations where the d isease preva lence is 

low, it is un l i ke ly that you would depend upon an i nd i rect test a lone for 

d iagnosis of an index case i n  an area that may have had no previous h istory of 

disease . But a positive test resu lt wou ld a lmost certain ly preclude a field post­

mortem, which in the case of a tru ly infected an ima l  would prevent fu rther 

contam ination of the envi ronment and prevent human exposure. 

In  the situation of an  outbreak or previous history of exposure, a positive test is 

very l i kely to be tru ly positive and cou ld be rel ied upon as a stand-alone test. 

An ima ls, which gave positive test resu lts i n  such situations, wou ld  then be 

rapid ly d isposed of in an appropri ate manner m in imis ing potentia l  

environmenta l exposure and contamination .  

A large proportion of cattle that die o n  farm i n  Austra l ia,  have n o  formal post­

mortem examination .  Often a d iagnosis of cause of death is not known or a 

d iagnosis from a knackery worker is  rel ied upon.  Knackery workers are 

untra ined and a lthough many have had extensive experience thei r d iagnostic 

and pathology ski l l s  should be considered l im ited because of the lack of any 

formal tra in ing .  Passive survei l l ance of d isease in Victoria is l im ited due to the 

withdrawal of regiona l  government laboratories and the rel uctance of many 
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farmers to pay for a post-mortem examination.  As a result the knackery is  the 

most l i kely place for detection of cases of anthrax .  Thus any surve i l la nce for 

anthrax should be conducted through sampl ing an imals at knackeries. In the 

anthrax outbreak in the Goulburn Va l ley in 1997 a veterinary pathologist was 

employed to prepare b lood smears of every an imal processed at the Stanhope 

knackery and this was repeated the fol lowing year. This type of survei l l ance is 

prohibitive, as it is expensive for ongoing surve i l lance. 

The hand-held assay has certain  advantages over the traditional  d iagnostic 

methods. It is a s imple  test that requires very basic tra in ing i n  the performance 

and i nterpretation, with resu lts ava i lab le in 1 5  minutes .  There a re no 

requ i rements for special ised equ ipment. The hand-held assay is therefore able 

to be performed by an  operator with very l ittle tra in ing, such as knackery staff, 

and could potentia l ly be used for active survei l la nce of sudden death an ima ls .  

The specificity is  a pproaching 100 percent and the ana lytica l sensitivity 

ind icates that diagnostic sensitivity should be h igh .  However a comprehensive 

study, s imi lar to that which has been performed for specificity needs to be 

conducted before any recommendations can be made about the va l id ity of this 

test for the d iagnosis of anthrax in the fie ld . 
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APPEN DICES 

Append ix 1 . 1  

Aged Polychrome methylene blue sta i n  

Loeffiers Methylene Blue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 g 

95 % Ethano l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 m l  

Dist i l led water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1300 ml 

Potassium hydroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 13 g 

1 .  Dissolve Loeffiers methylene blue i n  the ethanol . 

2 .  Add d isti l led water and potassium hydroxide, mix thoroughly. 

3 .  Filter th rough Whatman No .  1 fi lter paper. 

4. Store at room tem perature i n  cupboard with cap loosened to a l low for oxidation .  

5 .  Polychrome methylene blue must oxidase for one year. 

Appendix 1 . 2  

Prepa ration of sa m ple d i l ution buffer. 

1. Add 1 packet of Phosphate Buffered Sa l i ne (Sigma Cata logue No 1000-3), to 900 

ml of deion ised water .  

2 .  Add 1 ml of Triton X- 100 (Sigma cata logue No T9284) to PBS to make a 0 . 1 %  

solution.  

3 .  Add 10 ml of 10% sod ium azide stock sol ution i n  the PBS to make a 0 . 1 %  

solution .  

4 .  Add deionised water to  make a final volume of  1000 m l. 

5 .  Adjust p H  to 7 .4 .  

6 .  Steri le filter using a 0 .22 )..lm fi lter i nto 3 ml al iquot's. 

7 .  Store buffer a t  4°C. 
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Appendix 1.3 

Sheep Blood Aga r  

Oxoid Columbia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 5  g 

Oxoid Specia l  Peptone L72 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 g 

Oxoid Aga r  No. l L 1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 g 

Disti l led Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 L 

IMVS Sheep Blood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 ml 

Appendix 1 . 4  

PLET 

EDTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3  g/L 

Tha l lous acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .04 g/L 

1 .  Difco Heart Infusion Agar  is made u p  according to the manufacturer's instructions. 

2. Add EDTA and Tha l lous acetate to Heart Infusion Agar, mix thoroughly .  

3 .  Autoclave and  cool to  50°( and polymyxin (30 000 units/L) and  lysozyme (300 000 

un its/L) are added .  

4 .  After swi rl ing to ensure even suspension of the ingredients, the agar is poured into 

Petri d ishes . 

Appen d i x  1 . 5  

MacCon key a g a r  

Disti l led water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 L 

Peptone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 g 

Lactose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lO g 

Bi le sa lts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 g 
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Neutra l red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.075 g 

Agar  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12  g 

1 .  Dissolve ingredients 

2 .  Adjust pH to 7 .4 .  

3 .  Steri l ise by  autoclaving at  1 2 1  oc  for 20  m inutes. 

4 .  Cool and m ix wel l before pouring plates. 

Append ix 1.6 

G ra m  sta i n  

1 .  With a steri le loop remove a smal l  a mount o f  the bacteria l  colony of interest. 

2 .  Place this bacteria l  cu lture onto a g lass sl ide with one drop of  steri le water. 

3 .  With the steri le  loop combine the bacteria l  culture and steri le water. 

4. When mixed d ry  on a heat block. 

5. Place the slide preparation on a rack with in  a s ink.  

6 .  Cover the s l ide in 1 % crystal violet for 30 s, then wash with runn ing tap water. 

7. Cover the sl ide in Jensons iodine for 30 s, then wash with running tap water. 

8 .  Decolourise with acetone/a lcohol for 2 s ,  wash with runn ing tap water for 5 s .  

9 .  Cover with d i l ute carbo! fuchsin for 30 s ,  ri nse briefly .  

10 .  Place s l ide on heat b lock to dry.  

1 1 .  Exam ine under oi l  immersion 

Gram negative = red 

Gra m  positive = purple 
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Appendix 1.7 

Cata lase test 

1 .  Using a steri l e  flamed loop, remove a colony of the bacteria of interest and place 

onto a g lass s l ide.  

2 .  P lace one drop of  6% H202 onto the bacteria and swirl a round .  

3 .  Read the test immediately. 

Positive = gas bubbles 

Negative = no bubbles 

Appendix 1.8 

Moti l ity test 

1 .  Using a steri l e  Aamed stra ight wire, remove a n  iso lated suspicious colony of g rowth 

from the agar plate . 

2 .  Inoculate the motil ity tube by carefu l ly  stabbing the  wire into the medium and  then 

d rawing d i rectly back out a long the same line of i nocu lum.  

3 .  Incubate the tube aerobica l ly at  37°( overn ight. 

4. Result to be interpreted as non-moti le when organ isms form a l ine of g rowth down 

the i nocu l um stab a nd moti le when the organisms form a d iffuse g rowth zone 

around the i nocu lum stab .  

Appendix 1.9 

Germination m ed i u m  

Difco Heart Infusion Broth ( 1 0%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.0 ml  

40X Amino acid stock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 5  ml  

Heat i nactivated Horse serum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 .0  m l  

M i l l iQ water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 . 5  m l  
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Add together a l l  ingredients and fi lter steri l ise components using a 0.45 11m low protein  

b inding fi lter un it. Store at  -20°( . 

10% heart infusion broth (Difco) 

Dissolve 10  g of heartbroth i n  100 ml  of M i l l iQ water. F i lter steri l ise and freeze at -

20°C. 

40X Amino acid stock 

To prepare 40x stock so lution of am ino acids, salts and nucleotide bases, add the 

ind icated amounts of the components l isted below to approximately 400 ml of M i l l iQ 

water whi le  stirring .  When a l l  of the ingredients have been added make up to a 

vol ume of 500 ml with M i l l iQ water. Make 25 ml  a l iquot's and store frozen .  

L- leucine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .4 .60 g 

L-h istid ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .08 g 

L-prol ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .86 g 

L-tryptophan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .72  g 

L-phenyla lan ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 52 g 

G lycine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .30 g 

L-lysine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .60 g 

L-a rgin ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .52 g 

L-methionine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .44 g 

L-isoleuci ne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .40 g 

L-threonine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.40 g 

L-serine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 .68 g 

L-va l ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .46 g 

75 



MnS04 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .017 g 

CaCI22H20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 147 g 

MgS047 H20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 197 g 

Adenine sul phate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .042 g 

Urac i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .028 g 

Thiam ine HCL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .020 g 

L-N a  g l utamate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 .24 g 

L-aspartic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 .68 g 

Appendix 2 . 1  

50°/o Glycerol d i l uent 

1 .  M ix equal parts of  g lycerol and 0 .85% NaCI solution . 

2 .  Place 300 m l  of d i l uent i nto 500 m l  flask. 

3. Autoclave at 121  oc for 25 to 30 minutes. 

4 .  Store at room temperature for up to 1 year. 

Appendix 2.2 

Tryptose Aga r  deeps 

Difco Tryptose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 g/L 

NaCI .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 g/L 

Difco Dextose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 g/L 

Difco Agar  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 g/L 

Disti l led water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 L 
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Appendix 3 .1  

DEPARTMENT O F  NATURAL RESOURCES & ENVIRONMENT 

TO: 

FROM: 

SUBJECT: 

PURPOSE 

DR. J. GALVIN, MAHO 

DR. H. MILLAR, CVO 

ANTHRAX VACCINE EXPffiY DATE 

Ref: VT/0 1/0 1 36 

1 6  November 2001 

I .  To advise you of an extension of the expiry date on currently held anthrax vaccine stocks. 

BACKGROUND 

2. Attwood Laboratory recently titrated samples of currently held anthrax vaccine stods (Lab Ref 0 1 -00480 J. 
RJC, dated 1 5/ 1  1/0 1). 

3 .  All  batches exceeded the current WHO recommended standard of l x  1 06 spores/m! .  

4 .  Dr. Condron has consulted with the manufacturer, Fort Dodge, and o n  the basis of tht:se results it has bt:t:ll 

recommended that the expiry date be extended to 1 5/ 1 1 /03 .  

COMMENT 

5 .  This vaccine is only t o  be used i n  Victoria under the approval of the CVO. 

6. I hereby authorise a revised expiry of two years from the date of assay. 

7. Accordingly, stocks of batches 27 1 A, 270 and 265B are to be relabelled (vials and boxes) with an expiry 
date of I 51 1 1/03. 

RECOMMENDATION 

8.  ll1at you note the above and arrange to relabel the vaccine stocks accordingly . 

HUGH W Yi!LLAR 

Chief Vete.-inary Officer (Victol"ia) 

copy - Dr RJ Condron I Dr RJ Rubira 

Prepared by: Richard Rubira 

Phone: (03) 5833 5273 Fax: (03) 5833 53 1 0  
Em ail: Richard.rubira@nre. vic.gov .au 
Antbru v.cc n.piry 19-oov-OI.O:x 
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