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1 Introduction

Moves to eradicate bovine tuberculosis (TB) from Australian cattle began in the nineteenth
century. A formal national approach to eradicating bovine TB began in 1968, when the
Australian, state and territory governments agreed on a formal program, timahatio
Brucellosis and Tuberculosis Eradication Campaign (BTEC). Internationally acceptable
freedom from TB was achieved in 1997, but concern over the potential for resurgence of
the disease led to targeted surveillance and response pragrémesTuberculosi

Freedom Assurance Program (TFAP) in 1998 and an extension (TFAP2) in 2002. At the
time of preparation of this manual (2006), there have been no cases of TB in cattle since
December 200@nd no cases in buffalo since January 2@8&2ause of the successrizk
reduction strategies under TFAP and the accumulated negative monitoring data from
abattoirs, including no detections of TB cases for the past four years, further outbreaks are
considered unlikely. Animal Health Australia will continue to managern®sovB

surveillance from 2007 to 2010 under the direction of the Animal Health Committee. It is
intended that bovine TB will be included in the Emergency Animal Disease Response
Agreement from 2010.

Purpose of this manual

This manual provides a legacy afoermation, for future veterinary managers and field

operators, to assist rapid and effective eradication of any future outbreak of bovine TB. It

is based on a wide range of publications and advice from those who were closely involved

in the latter stagesf eradication and surveillance initiatives. This information is
specifically oriented to the Australian en\
practices.

The manual describes nationally accepted practices for eradication of bovine TB that have
been edorsed by the Animal Health Committee and approved by the Primary Industries
Standing Committee as the standard for any action to eradicate a resurgence of bovine TB.
The primary consultants for the development of this manual have been Dr Geoff Neumann
and Dr Jim Tolson. The process has been managed by Animal Health Australia, with input
from TFAP2 Coordination Committee members.

Because this document is an amalgamation of several internal sets of instructions to staff,
pragmatic decisions have been m&mlensure that protocols and procedures are described

in a reasonable and effective way, based on best practice at the time of publication. As this
document is intended for use in operational situations, few formal references to the
activities and procedas described are provided.

2 hitp://mww.animalhealthaustralia.com.au/programs/eadp/eadra.cfm
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Overall policy for bovine tuberculosis

Bovine TB is an OIE listed disease that is significant in the international trade of
livestock and livestock productsTB is also a zoonosis and a safety hazard in human
food.

The disease response policy is to find all cases, to determine the extent and origin g
the disease in the livestock population, and then to eradicate the disease using a
6whol e her d dpeopch. A mumadr of stratégiesat@achieve and then
verify eradication will be used, including the following:

Initial quarantine will occur for all cattle and any other at-risk susceptible
livestock on affected and suspect premises. Since TB is spread thgbuclose
contact, only in exceptional circumstances would it be necessary to establish a
restricted or control area.

Epidemiological investigations will be undertaken to identify the source of
infection. Cattle and other atrisk livestock that might have keen infected by
exposure will be permanently identified. Full laboratory characterisation of any
isolate is recommended for comparison with the TB reference collection. Trace
back may need to consider all movements of animals over the preceding 10
15years

The confirmed case or cases, and part or all of their herds, will be destroyed and
disposed of, depending on the findings of veterinary investigations. The preferreq
approach is removal of all atrisk populations with possible exposure. Destruction
and disposal plans will be documented in an Approved Property Program.

Surveillance and monitoring will be undertaken using the tuberculin test and
carcase inspection in the field and at abattoirs, in order to determine the limits of
the outbreak and provide ewdence of eradication and ongoing freedom from
disease following the response. The extent of surveillance and monitoring will be
determined by veterinary investigations.

Any remaining at-risk animals will be permanently identified and subjected to a
program of early slaughter.

Managing bovine tuberculosis in the Australian environment

Achieving national consistency in disease control procedures and supporting measures was
challenging. The Australian environment has large variations in climate and topography,
and cattle are often managed under conditions that are not conducive to standard disease

control procedures. Nationally consistent control is further complicated lsyatebased
animal health system, which has significant implications for policy development,
legislation, resources and implementation.

% World Organisation for Animal Health (formerly Office Internationdés Epizooties)
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Successful Australian disease control programs have often involved overcoming obstacles,
adopting innovative approachasd achieving consensus for complex and often costly
decisions. During the bovine TB eradication programs, important aspects included:

e The nature and frequency of consultation and communication between governments
and with the national cattle industry, wh ensured consistent application and real
progress

e Sound policy, good record keeping, regular analysis and reporting and performance
review by highlevel government and industry committees, which led to progressive
refinement of bovine TB eradicationlmy, procedures and funding

e Continually improving knowledge of the disease and its behaviour under the wide
range of conditions faced, which enabled the development of specific support for the
involvement of affected produceds in particular, the compeation and additional
assistance required for owners of large pastoral holdings in central and northern
Australia

e Regularanalysis of performance and expenditure and the commissioning of specific
reports at critical points in the program.

One commissionerkeport (Tolson and Jervois 1990), examined records of the National
Tuberculosis Case Register and the National Granuloma Submission Program {dlGSP)
identify where risks from future bovine TB might occur. Tutcome confirmed what

many feared that the disease could reappear up to 15 years after apparent eradication.

An appreciation of this critical epidemiological feature of the disease was the major driver
of TFAP and TFAP2, which followed BTEC. It has@kstimulated the preparation of this
manual to provide a lasting legacy of the combined experience of many individuals and
help to prevent the disease regaining a foothold in Australia.

Historical background

The following information is provided to place any future disease control activity into the
context of previous activities. This historical contexd éhe lessons learnt about bovine

TB eradication are also addressed in Appeddix Legal capacities critical to success of
bovine tuberculosis control and eradication.

Activities before 1970

Bovine TB control began in the 1870s after it had been demonstrated that people could die
from TB contracted via milk. Use of the tuberculin test (see Se6jibegan in Australia

in the 1890s. Over the following decades,estatd territory control programs in dairying
areas, based on voluntary tuberculin tests and slaughter of infected cattle, significantly
reduced transmission of TB to humans. Other sanitary methods that contributed to control
of the disease included slaughbf clinical cases and test reactors, not feeding infected

offal to pigs, separation of grazing cattle from grazing pigs, and disease tracing to infected
properties.

The widespread adoption of pasteurisation in the 1940s finally ensured the safety of mil
Mandatory controls, such as herd testing of whole milk suppliers, were introduced. At the
same time, synthetic medium tuberculin became available for testing in cattle.

Introduction 11
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Compensation for loss of infected cattle, mostly from state industry funds, wdsddop

most areas as a means of encouraging farm control of bovine TB. In the 1950s, all states
and territories invoked various formal control or eradication measures. The introduction of
compensation for infected animals and tuberculin test reactors thagrty the start of

the national eradication campaign in 1970, bovine TB prevalence was very low in all
dairying regions and in most beef herds in the closely settled areas. However, in the
pastoral areas of central and northern Australia, the envinadrene cattle management
practices made bovine TB eradication difficult, and many properties had a high prevalence
of bovine TB.

In 1967, after a protracted campaign, Australia was declared free from bovine
pleuropneumonia. In the same year, the Joint PABIO Expert Committee on Zoonoses
recommended the adoption of eradication of bovine TB by test and slaughter (FAO/WHO
1967). Concerns that disease in Australian cattle might affect buoyant beef exports spurred
Australia to consider a national eradicatiompaign.

Before 1970, the policy and activities in each state and territory largely originated in that
jurisdiction; there was no obligation on the states and territories to adopt consistent
approaches, although state and territory chief veterinary offiCaf®s) conferred
regularly and no doubt i nfluenced each ot he
was provided by each government, and producers contributed to-thipaitant

compensation schemes (except in Tasmania, where control was futelgdgdhe state
government).

The Brucellosis and Tuberculosis Eradication Campaign

A national Brucellosis and Tuberculosis Eradication Campaign (BTEC), based on test and
slaughter and abattoir monitoring, began in Australia in 1970. Its objective was to protect
international markets for beef and dairy products, following appaapid progress in

disease eradication in the United States. Under BTEC, a national slaughter levy on cattle
was established to provide funds, disease targets were set, and the beef and dairy cattle
industries adopted common goals for state and territorgrgawents.

BTEC was originally based on a formal agreement between the Australian Government

and the states and territories to provide funding for specified activities and conduct

eradication according to agreed protoc8ls problems emerged northern Aistralig
especiallyconcernver financi al hardship for some pr
was formed in 1984 take over the management and financial coordination of the

eradication campaigfhis committe@d which included representatives of thestalian,

state and territory governmenthke cattle industry and specialist financial and economic

advisersd provided an important national cohesion to activities.

The agreed protocols and national technical rules for the conduct of eradicatioreactiviti
were prepared by a national technical committee and termed the national Standard
Definitions and Rules (SDRs; Australian Animal Health Council Ltd 2003). These were
first published in 1975 and continued (with minor changes to reflect progress and new
challenges) to provide the technical framework throughout TFAP and TFAPZ2; the final
version was published in 200Bhere were alsstandardised laboratotgchniqueghat
detailed minimum diagnostic standards for laboratory tests to confirm a diagnosi$ of TB

4 hitp://mww.scahls.org.au/asdts/asdt.htm
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This case response manual for bovine TB, which contains the policies for the period after
TFAP2 (beginning in 2007), constitutes the current version of the SDRs.

Funding for BTEC was a collaborative effostith each party funding a specified
proportionof key activities From 1973, thé\ustraliancattle industry contributed through
levies initially on exports and latevn cattle transactions

Throughout the campaign, technical workshops and reviews were regularly held to monitor
progressand transferdchnical information betweguarisdictions.National progress

reports documented activities throughout Australia and provided the basis for continuous
reassessment of the proceduadsptedn each state and territory

In 1992, theNational Granuloma Subssion ProgramNGSP) was implemented to
address concerrabout efficient detection of bovine TB at abattoirs as the prevaience
the cattle populatiodeclined NGSP emphasisadspection procedures, the need for well
trained inspectors, the examinatidreample handling and submission dhd importance
of laboratory confirmation for diagnosis of bovine TB.

BTEC was successful for many reasohisese are summarised below because they
provide a framework for future eradication activity:

e A simple and cleatampaign goad the elimination oMycobacteriunbovisfrom all
cattle and buffalo herds

e A national approach driven by both a committed cattle industry and supportive
governments

e The establishment and mutual recognition of standardised procechar esiaty
control over all aspects of managemédiaid testing and laboratory procedures

e Adequate funding provided by the industries and by state, territory and Australian
governments

e Financial support mechanisms to encourage the adoption of sound eradication
programs

o Effective legislative support

e Adequate compensation to owners of suspect and diseased animals that had to be
slaughtered

e A high level of competence in farmers, stock inspectors, veterinarians and campaign
managers

e A high-quality veterinary laboratyg diagnostic service
e An active research program funded by governments and the cattle industry.

Australia adopted a status of wabdeplageddi ng
0 Tub e r Eradareaatithe end 01997, using a definition that exeded the

internationally recognised tuberculo$ise status defined by the Terrestrial Animal Health
Code of the World Organisation for Animal Health (OIE, formerly Office International des
Epizooties),

Shttp://mww.oie.int/hs2/sit mald cont.asp?c mald=35&c cont=5#e
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The extended period before eradication was fogmraltognised in Australia results from
the knowledge that this insidious chronic infection has the potential for resurgence many
years after detection of the last active case.

The Tuberculosis Freedom Assurance Program

TFAP followed BTEC from 1998 and ended in December 2002. Unlike previous phases of
TB eradication in Australia, this phase was establistmel®r the auspices of Animal

Health Australia within a formally established deed between the participating state,
territory and Australian governments, the Cattle Council of Australia (CCA) and Animal
Health Australia.

The deed defined the essence ofggregram as follows:

e Ensure the maintenance of Australia as affid® area, and eventual eradication of
bovine TB

e Maintain surveillance that efficiently deteetsy remaining bovine TB

e Provide financial and human resourcescomplete eradication within tipgoposed
timeframe

o Adopt risk management techniqueesl provide assistance to owners to lessen the
impact of eradication

e Collect adequate granulomas for laboratory exclusion of bovine TB
e Conduct targeted testing of herds that had inadequate monitoring
e Provide financial assistance to accelerate the removal from properties of older cattle

« ImplementApproved Property Programs that would ensure that a property affected by
bovine TB returned ta diseaséree herd status within two years.

The original TFAP progam had seven administrative components: field operations,
NGSP, the TB case register, the Tuberculosis Reference Laboratory, the NGSP database,
assistance measures and corporate activities.

Funding for TFAP was aligned with the responsibilities of eactypéhe state or territory
concerned funded field operations; the Australian Government funded NGSP, the TB case
register and the national reference laboratory; and the national cattle industry funded
assistance measurds TFAP Coordinator was respongbiior technical, administrative

and financial aspects of the program as a key corporate activity funded by all parties. A
representative group, the TFAP Coordination Committee, provided program oversight, and
a TFAP Property Program Group reviewed and epgal proposed property programs

As with BTEC, ongoingeview was important, and a midterm review was a provision of
the deedThis review examined the effect of operations, provided recommendations on
key issues and proposed changes to arrangementg fi@ntiainder of the program. It also
investigated and reported on the need for a further period of surveillance for bovine TB
after the program ended in December 2002

The Tuberculosis Freedom Assurance Program 2

TFAP2, which began in 2003, was the final stage of formal national processes to confirm
eradication of TB from Australia. As with TFAP,jiitvolved the Australian Government,

14
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all states and territories and the national cattle industry in a formal deed of agreement that
described the agreed policies and processes to be employed. These were based on
knowledge of the chronic and insidious natof¢he disease and the significant

management complexities arising from cattle management in the north of Australia. A
further period of surveillance was thought necessary to:

e Continue to reduce the risk of TB incidents
o Deliver a managed and phased entbtmal national management of eradication
e Transferresponsibility for the various components to the appropriate parties.

Surveillance was by agreed field operations and abattoir inspection, with an agreed
transition by all jurisdictions to standard maapection during the life of the program.
Suspicious samples continued to be sent to veterinary laboratories and examined for
evidence of bovine TB according to a national protocol described in the SDRs. Other
significant features were maintenance of thest#talian Reference Laboratory for Bovine
Tuberculosis (ARLBTB) and arrangements to provide assistance measures to support field
surveillance and management of TB incidents and cases.

Throughout TFAP2, the states and the Northern Territory continued\tmerninding

and to be responsible for all activities necessary to effectively monitor for, diagnose and
manage the eradication of bovine TB. The Australian Government and CCA provided
component funding, and Animal Health Australia coordinated managemefirding

for the program.

From January 2005, the submission of granul
in accordance with the Australian standard meat inspection procedures and instructions
from the Australian Quarantine and Inspection SEr{AQIS).

Government and cattle industry cooperation in TB eradication

The successful eradication of bovine TB largely resulted from the ongoing support fo
BTEC and the TFAPs provided by governments and the cattle industry. The combination
of government and national cattle industry funding, accountability and management is a
successful model that should be emulated. State and territory managers shoaleeconti
wherever possible, to involve the local and national cattle industries at the earliest
opportunity following detection of a suspect case of bovine TB.

The major area in which local and national cattle industry representatives will be able to
assist ign development of an appropriate property program. Those knowledgeable about
bovine TB programs should routinely be included in expert consultébonssolving a
bovineTB detection.

Terminology

The terminologysed in this manual follows conventions used during BTEC and the
TFAPs. For those unfamiliar with herd classifications used during these programs, the
SDRs prepared for TFAP should be consulted. Any difference in common usage of a term
that has been adviddy a state or territory is pointed out at the time of first use.

The approach in the current document is to use general terms that are likely to be readily
recognised in the future. Descriptions of procedures that will no longer beeuged (
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comparativauberculin test) are not included, and terms describing herds and area status
are not usedl'erms in common usage are not defined in the manual. Other terms are
explained in the Glossary or defined on first usage.
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2 Nature of the disease

Aetiology and taxonomy

Tuberculosis (TB), caused Ijycobacterium bovis is an infectious, chronic respiratory
disease that affects cattle, water buffalo, deer, goats and a wide range of other animal
species. The disease is usually characterised by the formation of nodular granulomas or
tubercles within the respiratosystem, and possibly in other parts of the body.

M. bovisbelongs to thé. tuberculosiscomplex (closely related group) of organisms;
members of this complex are the primary cause of TB in a number of species. All members
of theM. tuberculosiscomplex tave been reported to cause infection in animals.

The other members of the complex have traditionally included the classical human
pathogen M. tuberculosi$, an African variant of the human tubercle bacillus

(M. africanum) andM. microti, which infects rodnts, particularly volesv. bovisBacillus
Calmette Guerin (BCG), an attenuated fornMobovisproduced by a series of
subcultures, is also commonly included in Ehetuberculosiscomplex.

Recently, the advent of molecular techniques has led to ritioogorf further species

within theM. tuberculosiscomplex. One of these M. caprag primarily a pathogen of
goats (Aranaz et al 2003), but also reported to cause TB in cattle indistinguishable from
disease caused . bovis Another,M. pinnipedii isa pathogen of seals now known to

be responsible for endemic TB in at least 7 seal species in the southern hemisphere
(Cousins et al 2003M. bovis M. pinnipediiandM. capraeare all zoonotic organisms.

Other variants belonging to thé. tuberculosiscomplex that have recently been
characterised include the 6oryx bacillusdo :
appears to be a subtypeMfbovis infects oryx; the dassie bacillus, apparently a variant

of M. microti, causes TB in rock hyrax dassieRrocavia capens)s(Cousins et al 1994)

and surikat $urikat surikak.

Historically, taxonomic segregation of thMe tuberculosiscomplex has been based on
each speciesd unique combination of host pt
mormhology, physiology and biochemistry (Vestal 1975). In the past decade, molecular
techniques have allowed a better understanding of the taxonomy and evolution of the
M. tuberculosiscomplex.M. boviswas previously considered to be the precursor of

M. tubeculosis it was believed that TB spread to humans after the domestication of
infected animals. Recent molecular work has shownMhatberculosisvolved from

M. canettii(which infects humans) and tHdt bovishas evolved relatively recently from
M. tuberculosigBrosch et al 2002, Mostowy et al 200R). africanum M. microti,

M. capraeandM. pinnipediiare intermediate (betwedm tuberculosisandM. bovig in

terms of evolution. These relationships are shown in Figgure
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0Ances
(M. canettii)
—— M. tuberculosis
RD9
—» M. africanum
RD7,
RDS,
———— M. microti, M. pinnipedii, M. africanum
RD5, RD12,
RD13, N-RD25
— M. caprae
RD4
——» M. bovis
4

Note: Suggested phylogeny is derived from analysis of genomic deletions (RD [regittDdgleveddgind Neleted]).
The vertical axis represents the loss of genomic regions within isbkatesrotitbeomplex. Each horizontal axis
clusters isolates on the presence or absence of genomic regions. Isd/atéadabeliecuild not be assigned to a
single deletion type.

Source: Mostowy et al (2002)

Figurel  Suggested evolutionary relationships wikijrcobacterium

Other mycobacteria of significance to bovine TB

M. avium M. intracellulareand other unidentifietMycobacteriunspecies are known to
cause granulomas in cattle that may be indistinguishable from those caldeddwson
necropsy examination and histopathology (D Cousins, Principal Microbiologist and
Manager, Animal Health Laboratories, Department of Agriculture and Food, Western
Australia, perscomm, September 2006). In most cases, these granulomas are limited in
distribution. Infections with these species are not considered to be infectious between
ani mal s. I n countries or regions where Johi
granulomas caused . paratuberculosisnay be confused with TB, especially in deer
spedes. In such cases, the affected lymph nodes are often found in the alimentary tract,
particularly the mesenteric lymph nodes. In this maragviumrefers toM. avium
subspecieaviumandM. paratuberculosisefers toM. aviumsubspecieparatuberculos.

In water buffalo, there iBmited evidence thatmycobacteriather tharM. boviscause
tuberculosidike granulomas (K de Witte, Northern Territory Department of Primary
Industry, Fisheries and Mines, pecemm, 2005).

A range ofmycobacterianay beisolated from lymph nodes taken from tuberculin reactors
(that is, animals that react to the tuberculin test; see S&jti@are must be taken in the
interpretation of results because of the potential for environmeytadbacteriao
contaminate cultws and overgrow the targelycobactem if insufficient care is taken in

the collection of specimens at necropsy.
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Susceptible species

M. bovishas the widest host range of any of Bhetuberculosiscomplex and can infect a

wide variety of domestic animals and wildlife. Several good reviews are available on this
subject (O6Reilly and Daborn chdddvis de Li sl
infection has been reported are listed in Tdble

World distribution and occurrence in Australia

Bovine TB has a worldwlie distribution. Because of its ability to cause zoonotic infection
and productivity losses and to impede trade, many developed nations have embarked on
eradication or control programs. A list of current country status situations can be found on
the websi¢ of the World Organisation for Animal Health (OIE, formerly Office

International des Epizooti€)r in OIE reports.

In Australia, bovine TB was widespread in cattle and water buffalo before early attempts at
eradicationM. bovishad rarely been recorden other species in Australia before 1970. It
had beemeportedin a sheep, several horses, and a dog (Seddon and Albiston 1965).

In the early part of the twentieth century, the prevalence of TB in domestic pigs was very
high in some Australian piggeri¢Sousins et al 1998b). Domestic pigs were infected
primarily as a result of ingestion of infected offal or milk.

Feral pigs in northern Australia were infected following ingestion of infected carcases. In
line with research findings in other countriesieistic and feral pigs are deadd hosts in
Australia. Research in northern Australia demonstrated a consistent decrease in occurrence
of M. bovisin feral pigs when eradication efforts reduced the prevalence of TB in cattle

and water buffalo (Corner et 8081, Mclnerney et al 1995).

Sheep are reported to be less susceptidié twovisinfection than bovines. However, TB

has been found in sheep grazing on heavily contaminated material in New Zealand (Cordes
et al 1981, Davidson et al 1984). bovisinfection of sheep has not beeanfirmedin

Australia.

The only report of TB in goats was in 1989, when a single goat was found to be infected
with M. bovis The goat was in a herd in the southwest of Western Australia that was co
grazing with cattle with a gh prevalence d¥1. bovisinfection. The affected property was
severely overstocked and the animals were in generally poor condition (Cousins et al
1993a).

Infection in farmed deer has been reportddbovisestablished in three deer herds in a
serious otbreak in South Australia in 1986 (Robinson et al 198BMarch 1990, TB was
confirmed in an aged, male fallow deer in a Victorian herd. This animal had originated
from the South Australian herds, and there was no further evidence of TB infection
(JHarkin, Principal Veterinary Officer, Victorian Department of Primary Industries, pers
comm, March 2007).

8 hitp://mwww.oie.int/eng/info/en_infoan.htm
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Table 1  Examples of freleving or captive wildlife reported as infected Mitiovis®

Freeliving wildlife hosts

Captive wildlife hosts

AntelopanarshKobus leche

Baboon, olivEegpio cynocephalus anubis
Baboon, chacnRRapio ursinus
BadgerMeles melgs

Bear, blackJfsus ame&nu$

BisonBison bisgn

Bobcatlynx rufys

Buffalo, AfricaByhcerus caffer

Buffalo, watdB{balus bubdlis

Cat feralKelis cat)s

CheetahAcinonyx jubajus

CoyoteGanis latrahs

Deer, axidkis axis

Deer, fallo@ama dama

Deer, mul®©@docoileus hemionus

Deer, reddervus elaphus

Deer, rogdapreolus capredlus

Deer, &ia Cervus nipppn

Deer, whitmiledQdocoileus virginignus
Duiker, commdy(vicapra grimjnia
FerretNlustela putorius juro

Fox, redMulpes vulpgs

Goat, feraCapra hircys

Hare, Europedrepus europaeus occideptalis
Hedgehod:(iraceus europagus

Kudu, greatéfFragelaphus strepsiceros
LeopardRanthera pardus

Lion Panthera I¢o

LynxSiberianL{ynx pardinus

Mink, Americavfstela vispn

Mole, Europeafafpa europaea

Pig, feraBus scroja

Possum, brushtaiti¢hosurus vulpegula
Rabbit, Europedralpa europaea
RaccoorPfocyon lofor

Rat Rattus norvegigus

Sed, Australian fukr€tocephalus pusitosiferus
Seal, New Zealand Arc{ocephalus for3teri
Seal, subantarctic Ancfocephalus tropigalis
Sea lion South Ameri€taifa flavescgns
Stoatlustela erminea

BaboonRapio hamadryas

BaboonRapio papip

Camel, bactrigbgmelus bactriahus
Chimpanze®#én troglodyles

Deer, axi®\kis axjs

Deer, falloldéma dama

Deer, re@Cervus elaphus

Deer, rogdapreolus capreglus

Deer, sika&ervus nipppn

Dusky langupresbytis obscuyrus

Fox, fenne¥(lpes zerjla

Gibbon, siamary(mphalangus syndactylu:
Kudu, greatéfragelaphus strepsiceros
Lemur, Mayotieemur mayottensis
LeopardRanthera pardus

Leopard, snoWr{cia unda

Macaque, ligailedlacaca silenus
Macaque, sturgiledlacaca arctoides
Monkey, colobudojobus guereza caudatus
Monkey, rhesuddcaca mulatta

Oryx, Aabian@ryx leucoryx

Rhinoceros, bla€kideros bicorhis
Rhinoceros, whifetatotherium simjum
Sea lion, Australibleéphoca cinejea

Sea lion, South Ameri€tarfa byronia

Sea lionCGitaria flavescgns

Seal, New Zealand Arc{ocephalus forsteri
TigerRanthera tigyis

" hitp://mww.oie.int/eng/en_index.htm

8Includes examples of species from which M. bovis or a closely related variant has been isolated. Sources: de

Lisle et al (2001); Cousins (2004)
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WarthogRhacochoerus aeftioniy

Between 1986 and 198Bl. bovisinfection was recorded in a colony of sea lions in a
marine park near Perth, Western Australia (Forshaw and Phelps 1991, Cousins et al
1993b). A few years later, a case of pulmonary TB occurred in a seal trainéadh
worked at the affected marine park. DNA fingerprinting techniques were able to confirm
that the seal trainer had been infected by the seals (Thompson @8alTl%e strain of
mycobacteriavas determined to be a new species withirMh&uberculoss complex and
was named. pinnipedii(Cousins et al 2003).

TB has not been recorded in the Australian population of feral camels. Nor has it been
found in the native marsupial possum, despite possums being a serious reservoir of the
disease in New Zealdrafter being introduced in the early part of the twentieth century.

Bovine TB is a wetknown zoonosis; the fact thit. boviscan cause disease in humans is

one of the reasons so many developed countries have embarked on control and eradication
programs A number of risk factors for infection in humans were identified in a

longitudinal study of human casesMf bovisinfection from 1970 to 1994 in Australia

(Cousins and Dawson 1999). These risk factors included working with stock and in meat
processinglants.

Wild or feral animals infected withl. boviscan hamper eradication and control efforts
(Davidson 1976, Tweddle and Livingstone 1994). Australia is fortunate not to have a
wildlife host that could not be controlled during the eradication progirgetcted water
buffalo in Australia were treated in the same way as cattle.

Historical occurrence in Australia

184711970

Bovine TB was probably introduced into Australia with the early importations of cattle as
Australia was settled. The disease was recorded in 1859 in cattle that had been killed in an
effort to cortrol pleuropneumonia. By 1880, TB was common in coastal dairy populations.

It was widespread in cattle and water buffalo before early control efforts, and later records
show individual herds of dairy cattle with up to 90% of animals infected. Less disaase
present in the beef cattle introduced to the vast plains of northern and central Australia.

Control measures introduced for bovine TB during the period to 1970 are described in
Sectionl.

19707 1997

Activities under the national Brucellosis and Tuberculosis Eradication Campaign (BTEC),
which began in 1970, are des@&tbin Sectiorl. Over the decade from 1970, cattle tail

tags were introduced to improve disease tracing from abattoirs to property of origin. This
measure, together with existing cattle brands and movement permits, and computerisation
of disease records,eant that Australia had a disease eradication program that was envied
by many around the world (Cousins et al 1998b). As a result of achievements under BTEC,
the OIE recognised Australia as free from bovine brucellosis in 1989. Disease monitoring
for brucdlosis in abattoirs ceased in 1993. The eradication of brucellosis was assisted by
the failure of the disease to establish in the vast herdsrtfwesternAustralia.
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TB eradication proved far more difficult. In central and northern Australia, large free
roaming herds presented many challenges. Innovative measures were adopted to provide
for testing of all beef cattle and water buffalo, either by repeat testing or consignment to
slaughter (Tolson and Jervois 1990, Glanville and Roberts 1992, Lehaneg188&)and

water buffalo that were running wild were rounded up, and many were shot on the spot,
sometimes from helicopters. Radracking devices found many straggler cattle and water
buffalo. The water buffalo population of the Northern Territory wasiced by 40@00 to

assist with eradication of bovine TB (BL Radunz, Chief Veterinary Officer, Northern
Territory, perscomm, June 2006).

Official disease programs for the large individual properties saw removal of many infected
cattle resulting in theige in the number of cases detected around 1987/88 in Figure 2.
Significant gains were made in the decade leading up to 1992; disease incidence decreased
100-fold from the late 1980s to the early 1990s (Roberts et al 1998). Rglrews the

number of TBinfected cattle in Australia from 1981 to 2000.
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6000 —+
5000 -

4000 -

NUMBER

3000 +

2000 -

1000 -

(0]

90/91 93/94 96/97 99/2000
YEAR

1981/82 84/85 87/88

Source: Roberts et al (1998)

Figure2  TBinfected cattle in Australia (168000), as detected by abattoir monitoking (
and field testind¥()

As with farmed pigs many years earlieradication of bovine TB in the feral pig

population was closely monitored. Disease control was achieved by destroying infected
animals or by eradicating infection from nearby cattle or water buffalo (Corner et al 1981,
Mclnerney et al 1995).

Australiawas decl ared a O6Free Area in respect toc
1997.

Recent history and current situation (1998i 2006)

Disease monitoring activitiasnder the Tuberculosis Freedom Assurance Program (TFAP
and TFAP2) are described in Sectin
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Eight new primary cases of bovine TB occurred during TFAP, compared wiiks@s in

the last 5 years of BTEC. However, in 2001 and 2002, 9 secondarily infextsl(h4

cases) were found after the herd owners purchased cattle&mierherd dispersal. No

new primary cases were recorded during this time (Turner 2003). In 2002, 2 adjacent small
herds of water buffalo in the Northern Territory were the last dambcases of bovine TB

in Australia®

From 1998 to 2002, a phase of more sensitive abattoir monitoring took place. During this
period, the National Granuloma Submission Program (N@&&Rjted in more than 2100
laboratory submissions (a submission rate of 1 in 1945 of thellddan cattle

slaughtered). Only 10 tuberculous animals were detected in abattoirs from 1998 to 2002,
compared with 57 during the previous/&ar period.

During this period, the live tde export trade of aged cows to slaughter continued to
improve, providing an outlet to reduce the number of cattle that might previously have
been exposed to infection. The program also called for a further test of herds that retained
cattle if they hadeen infected after 1988. Targeted culling of aged cows was assisted with
financial incentives to get them to slaughter.

Dr Brian Radunz, the Chief Veterinary Officer in the Northern Territory, reported to the

4th International Conference dfycobacteriunbovisin 2005 that TFAP2, the
continuation of TFAP, maintains Australi ad:
tuberculosis Free Area (Moore et al 2006).

All targeted herds had their final evaluation by field testing during TFAP2 (2008).
Riskassessment strategies are used to streamline abattoir monitoring (Moore and Roe
2002).

Diagnostic criteria

In the early stages of TB control, great reliance was placed on detecting macroscopic

lesions during groggostmortemexamination. If there was doubt about the canfsbe

lesion, histopathologwas employed. Culture fdf. boviswas rarely performed (media

for culture ofmycobacteriaver e only developed in the 1950
commenced, the need fardefinitive diagnosis became mamgportantand routine

culturing of all suspected lesions become commonplace. In the later stages of the

campaign, exhaustive cultural examination of tissues from suspects became essential.

Clinical signs

When present, clinical signs can include variable pyrexia, weakness, anorexia, emaciation,
dyspnoea, enlargement of lymph nodes, and coughing, particularly with advanced TB
These signs are not unique to bovine TB. Although normally a chronic debilitating disease,
bovine TB can assume a more acute, rapidly progressive course.

% hitp://mww.animalhealthaustralia.com.au/aahc/index.cfm?7339B63EAB04-264EAAA1BIS8EDOD
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Gross pathology

TB causes abscetike lesionscommonly referred to as granulomas or tubercles. The area

of the body affected is usually related to the route of entry. Becausefaéqhency of

respiratory transfetesions are often seen in the gisnrand associated lymph nodes.

However, the lymph nodes of the head are often the only ones affected. Macroscopic lung
lesions are not essential for the spread of TB by the respiratory route. Small and even
microscopic lung lesions, which often occur camently with thoracic lymph node

lesions, are often not detected by normal abattoir or field autopsy techniques. Once the
organism has entered the bloodstream, lesions may be found in any part of the body and

may result in animals with O0generalised TBi

In the late stages of eradication, infected animals usually only had head lesions. Animals
with generalised TB, 6spr emydobactériawsuallytma | s ( a
the respiratory or salivary routes) and animals with thoracic lesions wer& has may be

because such animals had died by this stage, and testing only detected more recently

infected secondary cases.

The detection of macroscopic lesions at necropsy is an important aspect of the diagnosis of
bovine TB. A presumptive diagnosistodvine TB is often made on the basis of gross
pathology and examination of smears or histological sections made from lesions. However,
a definitive diagnosis can only be made by isolalthdpovisfrom animal specimens.

Lesions in cattle are most frequgnteen at necropsy in the retropharyngeal, bronchial,

and mediastinal lymph nodes, which may be the only affected tissue. The lung, liver,
spleen and the surface of body cavities may also be affected. Lesions in other species can
differ from the classicgpicture seen in cattle. In farmed deer, lymph node lesions may be
liquifactive rather than having a caseous appearance. Liquifactive lesions are the most
common presentation in possums with bovine TB.

Lesions in cattle may vary in size frommim to morelian 10cm in diameter. There may

be single lesions in lymph nodes or a primary complethat is, lesions in a

parenchymatous organ and a lymph node draining the organ. Most lesions appear as firm
or hard, white, grey or yellow nodules. The cut surfacallysahows a yellowish, caseous
centre, which is dry and firm. Calcification is common, particularly in lymph nodes, and

on sectioning the lesion, a gritty sensation and grating sound indicate its occurrence.
Conglomerate tubercles, formed by the growtth emalescence of one or more adjacent
tubercles, may occur over the pleural or peritoneal surfaces. Metastases give rise to myriad
tubercles of the same size, usuall 2nm in diameter. Old lesions may be encapsulated

by connective tissue, heavily caleidi and inspissated (very dense).

Collection of specimens

BecauseM. bovisis a known zoonosis, care must be taken to prétecbperator

performing a necropsy. Specimens must be collected using strict aseptic technique that
avoids slicing at the time of collection. If lesions are found, at least three are collected for
culture.

M. bovismay also be isolated from a small prdgpmr of no visible lesion (NVL) reactors.
BecauseM. bovisnumbers are low in infected tissues in which no lesions have developed,
it is important to minimise any environmental bacterial contamination that could reduce
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the sensitivity of culture techniqueg overgrowth. If no obvious lesions are detected in a
reactor at the time of necropsy, the following tissues must be collected for culture:

o Left and right medial retropharyngeal lymph nodes
e Left and right trachdaronchial (bronchial) lymph nodes
e Interior and posterior mediastinal lymph nodes.

Left and right, and anterior and posterior, lymph nodes may be collected into the same jar.
These tissues are then examined for lesions in a laboratory or in clean surroundings to
prevent contamination. Even if neslions are found, the tissues must be cultured to
determine ifM. bovisis present.

For histopathology, thick (Bam) sections of lesions are placed in 10% buffered formalin.
The section should include both normal tissue and lesion and should not béamore t
2 cn? in area. The volume of formalin should betifies the volume of the specimen.

For bacteriology, sections of lesions must be collected using aseptic technique. The
sections should be placed in steriéak proofcontainers and refrigerated befor

submission to the laboratory. If the specimen will not reach the laboratory withiouzg

of collection, it should be frozen. Alternatively, it can be placed in either sterile saturated
borate solution or coated with sodium tetraborate (borayB/Ia) powder and

refrigerated (about 4°C). If specimens will not reach the laboratory withodi&, they
should preferably be frozenX0°C or less) and should remain frozen, including during
transport, until cultured. All specimens must be packaged argptveted according to
International Air Transport Association (IATA) regulations for diagnostic specimens.

Further details on sample selection and submission are in Appg&ndix

Laboratory tests

Occupational health and safety

M. bovisis classified as a risk gro@organism in the current Australian/New Zealand
StandardSafety in laboratorie® microbiological apects and containment facilities
(AS/NZS 2243.3:2002), and as a designated risk gBoangianism in Europe and the
United States. Because of its public health risk, it is recommendeld thatisbe treated
asRisk group 3 organisns in Australian laboratges, using appropriate precautions to
minimise the risk of human infection.

Examination of fresh fixed smears made from lesion material

Detection of aciefast bacteria resembling. bovismay give an early presumptive
diagnosis of bovine TB. Smears arepared from the caseous material lining the inner
wall of the lesion and stained for ad@bkt bacteria using the ZigiNeelsen stain.
Mycobacteriaappear as red, medidl@angth, acidfast rods, singly or in clumps.

Histopathology

Histopathology, together with clinical signs, gross pathology, and/or tuberculin test results,
can be used for a prasiptive diagnosis of bovine TB. However, this technique is not
specific forM. bovis and diagnosis of bovine TB can only be confirmed by culture.
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Sections for histological examination are prepared using routine procedures. Sections are
stained for normaissue elements using haematoxylin and eosin or Bgos@, and also
for acidfast bacteria using a recommended Zidldelsen method.

In cattle,M. bovisinfection evokes a characteristic granulomatous reaction, the tubercle,
with the following charactéstics:

e A central area of necrosis
e Some degree of calcification that usually occurs in the centre of the caseated area
e A zone of epithelioid cells surrounding the caseated area.

e Usually, Langhanés giant cells a@and t he mar
elsewhere

e A zone of lymphocytes, macrophages and plasma cells towards the periphery of the
tubercle

o Encapsulation of the tubercle by fibrous tissue

e M. bovis(which appears in ZiehNeelsen stained sections as red, mediemgth rods,
singly or in clunps) in the cytoplasm of the macrophages and giant cells on the
periphery of the lesion, and scattered through the necrotic debris in the centre of the
lesion; theM. boviscells are usually only present in low numbers in most natural cases
of bovine TB.

In other species, the histological picture of bovine TB will differ from that in cattle.
Differences may be observed in the extent and type of necrosis, and the presence or
absence of mineralisation, Langhands giant

Bacteriology

Laboratory procedures for the isolation &fl. bovis

Handling and manipulation of infectious material, bothugsspecimens and cultures,

should be done in a Claksr Classll biosafety cabinet to protect the operator from
infection.M. bovisinfection has been recorded in laboratory workers in Australia (Cousins
and Dawson 1999).

Mycobacteriaareslow-growing mmpared with other bacteria. Because samples collected

in the field or abattoir may be contaminated with other bacterial or fungal species, it is
necessary to treat the samples with a decontaminating agent, such as a weak alkali or acid
or a detergent, tdestroy any contaminating bacteria. This providesiiieobacteriavith

an optimum chance to grow without being overgrown by other organisms. The
decontamination reagent chosen should have minimal effect on the viabMtyboWisin

the specimen, whileendering contaminating organisms nonviable.

Very few M. bovisorganisms may be present in tissue, and the bacteria in small lesions
(such as those present in tissues of NVL reactors) may be diluted by the surrounding tissue
when processed. The chancessofatingM. bovisare improved by increasing the amount

of material cultured. This is most easily achieved by increasing the number of slopes used.
The decontaminant must be neutralised and the suspension centrifuged to deposit the tissue
and anymycobaceriapresent. The deposit is then inoculated onto a series of media.
Australian standard$ require samples to be inoculated onto at least two slopes ef agar

10 hitp://mww.scahlorg.au/asdts/asdt.htm
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based media and two slopes of dged solid media. Some laboratories may also use the
liquid medum, 12B(available from Difco) designed for the BACTEC system (BD

Biosciences); thisisthebasel qui d medi um used for Johneds
BACTEC liquid culture system may provide a faster result. BACTEC cultures are held for

8 weeks after inodation before being discarded as negative.

Incubation

The inoculated media are incubated at 37°C in air, with or without the addition of carbon
dioxide (maximum 5%), and examined for evidence of growth at weekly intervals. They
should be held for a minimuf 10/ 12 weeks before being discarded as negative.
BecauseM. bovisis slow growing, evidence of growth is commonly seen between 3 and
5 weeks after inoculation. In ideal circumstances, colony growth may be detected after
2we e ks 6 i ncub anidas arastain&larsd px@mined wsiag the Ziddelsen
stain.

Identification of M. bovis and other mycobacteria

Isolated aciefast organisms can be identified using a variety of biochemical tests (Vestal
1975). Immunological techniques were used from the1880s (Corner et al 1988), and

DNA techniques have been used since the early 1990s. The immuabtegimique is no
longer used in Australia because of difficulties in obtaining monoclonal antibody. DNA
techniques are very sensitive and specific and have largely replaced both biochemical and
immunological techniques for identification of mycobacteria.

DNA techniques for identification and direct detection

The most commonly used DNA technique for identification and direct detection of
mycobacteria is the polymerase chain reaction (PCR). In Australia, a number of PCR tests
are accepted for identificatiaf M. bovisand for differentiation oM. tuberculosis

complex from other commonly isolated mycobacteria species, siMhasumand

M. intracellulare (Cousins et al 1991, 1992, 1996; de los Monteros et al 1998). These
techniques can also differentidée paratuberculosigrom M. tuberculosiscomplex

organisms. PCR techniques are also sometimes used for direct deteMidrowfsin

tissue samples. Although direct detection may offer considerable advantages in terms of
speed, PCR applied directly tsgue is not as sensitive as culture, and false negative

results are possible.

PCR can provide a result within a day of isolating colonies on culture media or within
2 days using fresh or formalifixed tissue. To maximise the chance of success for direct
PCR, tissue should remain in fixative for no longer thah@4s before being embedded
in paraffin wax.

DNA fingerprinting techniques to study origin of isolates

DNA fingerprinting techniques can be very useful in determining the origin of infection of
M. bovisand otheM. tuberculosiscomplex strains. These techniques can be used to study
transmission between different species and within and between properties; to provide
evidence of residual infection; and to examine population dynamics, evolutiotoaatl ¢
expansion. Differences between straindloboviscan be detected by a number of
techniques, some more effective than others.

Spoligotyping §paceroligonucleotidetyping) is a PCRbased method that is very
effective for typingM. tuberculosisstrans and is a rapid and useful screening test to
identify major differences between straindvbfbovis(Aranaz et al 1996, Kamerbeek et al
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1997). The technigue can also be used to idektifigovis which lacks 5 spacers at one

end of the standard hybridison pattern compared with other species from the

M. tuberculosiscomplex. Spoligotyping can provide a result withir2 Hays of isolating
bacterial colonies or from liquid media with evidence of growth. It can also be attempted
directly from DNA extractd from tissues. However, the results using bacterial colonies
are more reliable and more likely to be unambiguous. Results of spoligotyping can be
compared relatively easily between laboratories, and there is a globally accepted
nomenclature for recordirgpoligotype resultdVl. bovisandM. tuberculosisdatabases are
available for recording and comparing results.

Restriction endonuclease analysis (Collins and de Lisle 1985) and restriction fragment
length polymorphism (RFLP) analysis (Cousins 1996; Causiral 1998a, 1998c) are the
best techniques for discriminating between straird.dfovis(and otheM. tuberculosis
organisms) in New Zealand and Australia, respectively. RFLP is ecoim&uming and
logistically complicated technique and results nagetup to 3 months. Four different
gene probes have been used for RFLP in Australia: the insertion sequences 6110 and 1081,
the polymorphic G&ich sequence, PGRS, and the direct repeat pUCD (a repetitive
element isolated at the University College, DaplEach of these techniques has
advantages and disadvantages for typihdpovisstrains; these include differences in
turnaround time, cost, level of technical ability required to perform the test, and ease of
comparison. PGRS RFLP provides the besedditiation between Australian strains of

M. bovis but is also the most difficult to analyse.

Since 2005, the Australian Reference Laboratory for Bovine Tuberculosis (ARLBTB) has
been trialling a PChased typing technique that identifies a variable nurob&andem
repeats in various alleles (VNTR typing). This is a relatively rapid technique that takes
approximately P4 days and is performed on bacterial colonies. It provides a reasonable
degree of differentiation betweéh bovisisolates and, with addional alleles, may

approach the sensitivity of PGRS RFLP. It is also very easy to perform comparisons
between isolates on a global basis.

A culture collection containing approximately 1900 strainstg€obacteriunspp,
including many reference strainshisld at ARLBTB. Results of DNA fingerprinting for
approximately 600/. tuberculosiscomplex strains (includiniyl. bovisand reference
strains of theMl. tuberculosiscomplex) are also kept at ARLBTB. DNA fingerprinting
results are analysed using a comnadigiavailable computer program
(GelCompar/Bionumericd Applied Maths, Belgium).

Differential diagnosis

Other conditions mabe confused, both macroscopically and microscopically, with TB.

The most important of these are Adnbovismycobacterial granulomas. A number of
mycobacterial species can infect animals and cause lesions often identical to those caused
by M. bovis Themost common of these are members ofMh@viumcomplex, which are

found in cattle, farmed deer, pigs and some wildlife species. In farmed deer,

M. paratuberculosisan cause lesions whose appearance is virtually identical to those
caused b. bovis

In the final stages of a bovine TB eradication program, it is important to use culture
techniques to confirm cases that have been diagnosed by histology because a significant
proportion of tubercle lesions are likely to be caused by mycobacterial spéweshain

M. bovis
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Other conditions that may be confused with bovine TB include granulomas due to:
Rhodococcus eguNocardida Streptomycedungi, club-forming organisms, oil,
neoplasms, foreign body abscesses, hydatid cysts and other parasites. Themesmay
lesions that are macroscopically similar to TB, but most are readily distinguishable
histologically.

Detailed information on histological differential diagnosis can be found in the Australian
and New Zealand Standard Diagnostic Procedtres.

The diagnosing veterinarian may consider a number of tests to rule out other mycobacteria
and to rule irM. bovis These are summarised in a cascade of options, as follows:
e histopathology diagnosis

o direct detection oM. bovisand other mycobacteria in tissue Spgns (application of
PCR to tissue sections is under development)

e conventional mycobacterial culture using solid media
o BACTEC liquid radiometric culture for mycobacteria

e identification of mycobacterial isolates using conventional procedures (biochemical
tests)

e rapid identification of mycobacteria using

i multiplex PCR to differentiat®l. tuberculosiscomplex,
M. avium’M. paratuberculosiandM. intracellulare species from other
mycobacteria

i M. tuberculosiscomplex multiplex PCR to differentiatd. bovisfrom other
M. tuberculosiscomplex organisms

o DNA fingerprinting of confirmedM. tuberculosiscomplex isolates using
spoligotyping, RFLP and/or VNTR typing

e 16S rRNA sequence identification Mdfycobacteriunspp other thaiM. tuberculosis
complex.

In summary, allsolates oM. tuberculosiscomplex identified in Australia should be
confirmed using an internationally recognised bovine TB reference laboratory, and their
DNA profiles should be established. ARLBTB stores and maintains the Australian
National Culture @llection ofM. bovisisolates that are used in DNA fingerprinting
studies, and records isolate types in an electronic database. The laboratory can perform
individual fingerprinting tests, and provide a comptassisted analysis of results to
determine mizhes of any new isolates with previously identified types.

Resistance and immunity

Innate and passive immunity

As a result of natural or innate immunity, many cattle thateaposed t. boviswill not
develop disease.

Uhttp://mww.scahls.org.au/asdts/asdt.htm
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Active immunity

Most cattle infected witiM. bovisproduce a celinediated immune response and contain

the infection within localised foci for long periods (Thorns and Morris 1983). If an
antibody response ouars, it is normally associated with the development of more
progressive disease. There appears to be a reciprocal relationship bewedleedctivity

and localised infection, on the one hand, and antibody levels and progressive disease, on
the other.

Delayedtype hypersensitivity is the basis for the single intradeoaatial fold tuberculin
skin tesf(tuberculin test)n cattle. Gamma delta-gells, particularly those bearing the
WC1 molecule, are present at an early stage of development of a respmmeeer, their
role remains unclear (Kennedy et al 2003).

Vaccination

TB vaccines have never been used in cattle in Australia, although BCG has been used to
control human TB. Internationallg, number of research groups are working to develop

and evaluate vaccines that may be used in cattle and wilelliifgobssums and badgers),

as well as humans. In most cases, the aim is to develop better alternatives to BCG.
Vaccines would only be usefirl countries in which wildlife reservoirs are persistently
infected withM. bovis Since animals vaccinated with BCG respond to the bovine purified
protein derivative (PPD) in the tuberculin test, research is also under way on diagnostic
tests that can dérentiate vaccinated from infected animals.

Epidemiology

Source of infection and modes of transmission

M. bovisinfection is spread to cattle primarily through the inhalation of infectious

aerosols, but has also been reported to be spread by ingestion of infectious material from
drinking infected milk ormgesting contaminated pasture or feed. Cutaneous, congenital,
and genital infections have been recorded but are considereGaarer animals are
significant in spreading and perpetuating the infection, but transmission is intermittent and
mimics a poimsource epidemic.

Aerosol transmission occurs in all environments and the infective dose by inhalation can

be very low. However, transmission is only effective over short distanceis? af,Jand

cattle densitys thereforea significant factor in the ta of transmissiorinfection is spread

more rapidly in intensive animal husbandry situations than in extensive or rangeland
conditions, such as those existing in many parts of northern Australia. Disease also appears
to spread more rapidly where animals kept in crowded conditions, such as zoos; under
such conditions, stress may adversely affect the ability of the animal to withstand

infection.

Under Australian conditions, most TB infections are considered to be acquired by
inhalation because 700% oflesions are found in either the lymph nodes of the head or in
the thoracic cavity. Cattle have also been infected Mithovisby ingestion of hay
contaminated by humans with urinary TB.
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Ingestion of contaminated carcases or offal was the most commdranigu of infection
for feral pigs. The same mechanism, as well
incriminated as the source of infection for domestic pigs.

Before the advent of pasteurisation, the most common source of infection for humans (and

pat i cul arly children) was through ingestion
often result in infected lymph nodes known as scrofula. Ingestion of unpasteurised infected
milk remains a problem in developing countries or in cultures in which milktieeated

before drinking. Even in developed countries, clusters of casdshuvisTB have been

associated with eatingnder processear soft cheeses produced in countries with high

rates of bovine TB.

Humans can also become infected through inhalatiagmfectious aerosols and through
direct exposure of cuts and abrasions (kno\

Laboratoryderived cases dfl. bovisTB have been recorded, and infection has been
reported in patients with human immunodeficiency virus (HIV; Dankhat £993).
Reports of persoto-person spread &fl. bovisinfection are rare, strengthening the belief
thatM. bovisis not as infective for humans &k tuberculosis

Incubation period

Bovine TB can progress within weeks or years, depending on the immunity of the host, the
size and frequency of the infectious dose and host genetics. In many cases, infection will
be localised and cleareg the immune system, such that disease never develops. In
humans, only 10% of people infected withtuberculosiswill develop TB disease in their
lifetimes.

Persistence of agent

M. bovisis an obligate intracellular parasite and has a limited survival period outside the

host (depending on the environmental conditions). It is susceptible to drying and

ultraviolet light, but is refavely resistant to detergents and moderate changes in pH. In one
study, under the high temperature conditions experienced in northern Australia (average
maximum over 2@veeks was 3243°C), M. bovissurvived ford4we e ks i B0% o i | i n
shade, but no isdi@n was made after weeks from dry or moist soils exposed to sunlight,

or from faeces held under any conditions (Duffield and Young 1985).

Epidemiological factors influencing transmission

Consistent with the mostly aerosol spreaéflobovis disease prevalence is higher under
intensive farming practices, such as on dairy farms or where animals are housed indoors.
In beef herdsprevalence will generally be lower, but high prevalence (around 35%) has
been observed where cattle are overstocked and/or in poor condition. In very extensive
farming systems, such as in pastoral cattle management, herd prevalence will generally be
lowerthan in intensive systems, but small family groups can have high prevalence. Under
pastoral conditions in northern Australia, opportunities for transmission were provided by
cattle congregating around waterholes during the dry season, or on reduced afndnynts

land during the wet season.
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Typically, the disease does not spread uniformly within a herd. In an extensive
management situation, animals tend to stay together in discrete social groups that run in
their own area of the property, and TB infectistikely to spread only within the group

This stable situation remains undisturbed until fire, flood, drought or human interference
drives animals together or away from their home range. Infection may then spread between
social groups. To a large extemB eradication involves detecting and removing such

infected social groups.

Manner and risk of introduction to Australia

A recrudescencef bovine TB in Australia is possible. Although measures to ensure

removal of higherisk animals and improved targeting of monitoring during the latter

phases of eradication were implemented, it is possible that the diseasecappigar from

a previously undetected infected animal. In Tasmania, which has a relatively isolated cattle
population, 1&ears elapsed between the last two cases of the disease. In the final stages of
eradication in New South Wales and South Austraka,ibfected herds were recorded 15

and 16years, respectively, after previous known exposure to the disease.

Humans remain as a source of introductioMobovisinto Australia, but the risk of
transmission to cattle is low. Throughout the world, sompr&ing foci of infection
remain (Grange 2001). A study in San Diego in the United States found thiduiroinef

all paediatric TB infections were dueltb bovis and the source was rarely determined
(Besser et al 2001). Humans with HIV infection are erguwsceptible to concomitant TB
infection, and travellers with both diseases present a risk-fmtrg ofM. bovis(Pasquali
2004). There is also a risk of introduction in exotic animals (such as South American
camelids), zoo animals (Cousins et al 199#gs, domestic farm animals (such as deer,
sheep and goats) and purebred cattle, even though quarantine measures are well
established.

If an outbreak occurs, the national scheme for identification of all sale and slaughter cattle
will be of tremendousdmnefit in tracing potential sources of disease introduction into a

herd and all spread from that herd. Meat and Livestock Australia maintains the National
Livestock Identification Scheme (NLIS), which is compulsory in all states and territdries.

12 hitps://www.nlis.mla.com.au/index.aspx
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3 Detecting and confirming bovine
tuberculosis

Identifying tuberculosis at abattoirs

Detection of granulomas at meat inspection is the usual way in which tuberculosis (TB) is
found. The NationlaGranuloma Submission Program (NGSP) and a later, moréasid
version of this program (NGSP2) used during the second phase of the Tuberculosis
Freedom Assurance Program (TFAP2), aimed to maximise the number of granulomas
from cattle detected gbstmorteminspection and submitted for laboratory examination.
This was achieved through improved inspector training and awareness, and facilitation of
the submission process.

Meat i nspection is now based on Oéiafspector
granulomas where an inspector is unsure of the cause of a lesion or suspects TB.

Upon finding a suspect lesion, the inspector or the offiteharge of the abattoir is
required to ensure that a record is kept of the tag number(s) of the animal{ggdresad

the size, location and description of the lesion(s). This description is submitted with the
specimen(s) to an approved laboratory.

Other information that may assist with traz&ck includes sex, age, breed, coat colour and
any brand, ear tag, taag and health certification that accompanied the animal.
Identification of other animals in the groupespected, especially if the suspect animal is
not fully identified.

Where animals are slaughtered as part of an approved property program (& Rjllth

be identified with a National Livestock Identification Scheme (NLIS) device. The NLIS
will be advised to identify the property identification code (PIC) for an increased level of
surveillance.

Further details on the granuloma submission prograravaiable from the Animal
Health Australia websit€

Other means of detecting tuberculosis

Field testing

During TFAP and TFAP2, abattoir surveillance for TB was supplemented by thfggte
testing of herds that were considered to have had insufficient surveillance via meat
inspection. The two diagnostic tests used for field testing cattle are the tuberculin test and
the interferon gamma test. These are described in detail in Segtonks7. Field testing is
unlikely to be a part of TB detection in future.

13 http://www.animalhealthaustralia.com.au/programs/adsp/tfap2$/tfap2 home.cfm
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However, export testing may be required by some emtigrting countries, and reactors

to the tuberculin test (almost <cerguehinly
reactors are found to have TB, the procedures in this manual should be adopted for
investigation and subsequent action.

Laboratory identification
Laboratories thateceive samples that are suspect for TB submitted frpastmortem

examination (and the submitter) are required to advise state and territory authorities of
such instances.

Laboratory confirmation of tuberculosis

When TB eradication commenceéte disease was oftemly diagnosed by detecting

typical macroscopic lesions pbstmortemexamination Laboratoryconfirmation athat

time was by histological examination. Positive histopathology requires the identification of
characteristic cellular pathology (using haematoxylin and eosin stain) arfasicizhcilli

by the Ziehi Neelsen stain?

In the latter stages of the Brucedi® and Tuberculosis Eradication Campaign (BTEC), it
became increasingly important to confirm the cause of lesions found in tuberculin test
reactors or in granulomas on abattoir examination.

Bacteriology became an essential tool and was used to conérdiatnosis oM. bovis

to investigate no visible lesion (NVL) reactors and to study the cause of any apparent false
positive reactors from field testing. However, culture methods were giae llatter

stages of eradication, several developments ingatdhe diagnosis and understanding of

the epidemiology of the diseade particular, improved culture methods enabled more

rapid and more sensitive results. Several new methods for the rapid identification of

M. boviswere also developed and introducedrfautine useThese included the
immunoperoxidase test and polymerase chain reaction (PCR) techniques on tissue and
cultures. DNA fingerprinting techniques provide an understanding of the transmission of
disease and will have application in tracing oudlieein Australia.

State and territory laboratoriesntinue to process abattoir sam@esl some have
considerable experience in diagnostic histopathology and cultaberatories performing
histopathology and culture of suspected TB lesions must beegapas part of the
Australian National Quality Assurance Progr&m.

The final confirmation of diagnosis of TB is routinely performethatAustralian
Reference Laboratory for Bovine Tuberculosis (ARLBTBhjch isdesignated as a centre
of excellence fothe diagnosis dfl. bovis All isolates identified aM. bovisin approved
laboratories must be submitted to the ARLBTB for:

e confirmation of identification

e longterm storage of isolates in the National Culture Collection

1 hitp://mww.scahls.org.au/ASDTs/4BovineTuberculosis.pdf

15 hitp//www.angap.com/
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o DNA fingerprinting.

All Australian laboratories approved to carry out examinations for TB use methods
described in the Australian Standard Diagnostic Techniques for Animal Diseases or the
more recent Australian and New Zealand Standard Diagnostic Proc&tures.

60TB incidentsdé and O6TB casesb

This terminology was introduced during TFAP, as protocols for managing herds tightened.
The td@B8r mancdébDentsd and 6TB casesd provide a
a herd implicated in a detection of TB.

TB incidents

The detection of any evidence of TB is ref
outlined here ensure that all importdactors are considered in the investigation that takes

place. Such an event could arise when a laboratory that has received abattoir samples is
unable to confirm TB by histopathology or culture, but is unable to establish an alternative
diagnosis.

Thet erm 6TB incident herdd is used to descr.i
traced to an animal and the chief veterinary officer (CVO) has approved procedures to

assist in excluding TB as a diagnosis and establishing the cause. Such furthevagkib

include:

e Provision of part of each suspect sample to the ARLBTB

e An epidemiological investigation and risk analysis of the herd and its neighbours.
If appropriate, increased tuoff of associated cattle and intensive monitoring through
abattoirs offield testing may be approved by the CVO (see Se&joAs a guide,

surveillance measures should seek to achieve 99% confidence of detecting 1% disease in
the TB incident herd if these measures are to be used to indicate TB freedom.

The term to@ Bi § nicmpleernt ant in event managemen
recognised and used consistently given the
reputation as a country that has eradicated the disease.

TB cases

A 6TB caseod r ef which TBthas been coafimiedbachused: r o m
e M. bovishas been cultured from a lesion; or

o Despitenegative culture, there has been positive histopathology, with a professional
decision based on evidence such as gross pathology, laboratory findings and
epidemiobgical investigation.

18 http://www.scahls.org.au/asdts/asdt.htm
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Where TB has been unequivocally traced to
her do. I f there is some doubt, or there ar ¢
O60suspect TB herdoé wudbdatifed t he di sease situat.

Secondary TB cases may be found by tracing from a TB case herd. Recipient herds must
be further investigated, with tracing to determine whether infection has been transferred
into such herds. If evidence of spread is found, these herds atsoéd® case herds.

Details of TB incidents and TB cases must be reported to the Animal Health Australia TB
case database.
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4 Action on advice of a potential case of
bovine tuberculosis

Initial action
When advice is received of a bovine tuberculosis (TB) incident, the local veterinary
manager should:
e Promptly contact the owner
e Confirm ownership of the suspect animal, if possible
e Put a hold on any cattle movements other than for slaughteémauproperty visit is
carried out by the local veterinary manager to obtain more details.

A formal movement control or quarantine should be issued until investigations are
completed and the nature of the problem is understood.

The state or territory vetinarian responsible for TB (see Sectirshould advise the
Animal Health Committee (AHC) through the chief veterinary officer (CVO).

Where there is concern that the event may receive undue attention from the media, the
procedures outlined in Sectidd should be followed.

Documents required for initial property visits

The following types of documents may be required during an initial property investigation:
e Quarantine order

e Cattle compensation guidelines

e Claim for compensation

o Orderfor destruction or removal of diseased cattle

e Permitto move.

Each state and territory will have its own requirements and these should be referred to.

Quarantine/initial movement control

Prompt control over movements of cattle from a potentially infected herd is important to
ensure that the infection is limited to that property. It also signals to the owner, the cattle
industry and the puldithe importance placed on continuing control of TB.

The specific protocol for placing a proper:
in each state or territory. In essence, quarantine is an official order restricting cattle to a
specified locabin and requiring authorisation for cattle movements to and from that

location. It may also impose treatment or control requirements.
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Investigation of a tuberculosis suspect herd

The initial investigation of a herd associated with a suspect TB case aims to confirm
whether or not TB exists on the property. This initial investigation may take the form of:

e An epidemiological investigation, including collection diexd TB history
e Testing of the herd or source group

o Destocking the affected group, combined with testing-oiatcattle

o Destockingdefined age groups and testing remaining cattle.

Where there is no further evidence of tuberculosis

If no additional evignce ofM. bovisis found in the initial investigation, further action
depends on the nature of the detection. If the herd of origin is not in doubt, the actions
required will be included in the approved property program (APP). If the herd of origin has
nat been confirmed, herds under investigation may be required to undertake one or more
tuberculin tests.

The number of tests required will depend on the nature of the §raimat is, whether

animals are related to the infected group (that is, have hadctovith it) or have been
segregated from the infected group for a significant period (at leastys). If TB is not
confirmed, any further action will be at the discretion of the state or territory CVO.

Where further infection is detected

Where the imestigation confirms that further TB is present in the herd, destocking of the
source group or herd will be the preferred action. Animals may be retained for testing,
subject to approval of the TB Property Program Group and AHC, if:

e There is no evidencd transmission to younger age groups

e The specified groups of animals have been continuously segregated from the infected
group
o Destocking of all animals is not economically feasible.

The number of repeat tests required will depend on the circumstances.

Tracing cattle movements

Where TB is confirmed, trageack and tracéorward to all contact herds is necesséiry.

tracing to a herd and further investigation revealstti@infected or suspect animal was

not born on that property, further tracing is required to determine what other properties are
involved. Appropriate action is then taken on herds on these other properties.

To identify the direct contacts of all infect animals, tracing may be required for the
lifetime of the infected animal(s). In the absence of knowledge of the source, tracing
should go back at leastygars. All herds that have received animals from a case herd or
secondary case herd must be ingzged. The action required on such herds may be
subsequently modified or limited to the groups containing, or that have contained, the
cattle identified as contacts.
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5 Property and program management

The following description of procedures, which is an amalgam of procedures provided in
the Standard Definitions and Rules (SDRs) and various state and territory instructions, is a
basis for developing a suitable program for managmigpedent or case of bovine

tuberculosis (TB).

In addition to this information, the responsible officers should also be familiar with or
consult relevant legislation and any additional local information that explains the special
features of TB control itheir state or territory.

Approved property programs

The development of a property loerd TB eradication program agreed by the owner and
the relevant state or territory department was fundamental to implementing appropriate
control procedures in the extensive areas of Australia. An approved property program
(APP) is a formal document thagtails the nature of the property and cattle, the proposed
program operations and the responsibilities of the relevant parties in implementing the
program.

APPs were used throughout the Brucellosis and Tuberculosis Eradication Campaign
(BTEC) and the Tubrculosis Freedom Assurance Programs (TFAPS) to provide a basis for
developing nationally consistent programs that would provide a common understanding of
the actions proposed and reliably lead to eradication. They also provided a basis for
assessing vans forms of assistance to producers. Although additional assistance is no
longer available, the principles for establishing a formal documented plan remain.

Traditionally, APPs could be of different types depending on the activity to be undertaken.
It is now more appropriate to recognise that an APP is an essential prerequisite to any
activity on a property related to investigation or eradication of TB.

An APP is a documented agreement between an owner and the state or territory
government on the implemetitan of a program that can be physically completed within
two years. It provides details of:

e The nature of the program

e The obligations and responsibilities of each party

e The consequences of noncompliance

e The consequences of detecting further TB as a reftiie program

e The requirements for annual review

e Theavailability and nature of compensation.

An APP may also be a useful management tool for neighbouring herds, herds implicated

by traceback or tracdorward, other herds containing gk, in-contactcattle, or any
other herd subject to testing.
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A model for the process, content and structure for APPs is provided in the following
sections. It is also valuable to examine previous TB cases to better understand local
requirements and gain an appreciatibthe finished document.

Responsibilities of key personnel

The governmenpersonnel involved in developing and implementing an APP will differ
between jurisdictions. The following provides a wtekted framework that ensures
inclusion in the APP of all the detail and process necessary for a successful eradication
program.

Chief veterinary officer and Animal Health Committee

The chief veterinary officer (CVO) has primary responsibility for developing and
implementing animal health programs in the jurisdiction, including seeking endorsement
of APPs through the Animal Health Comtae# (AHC). AHC is responsible for endorsing
and monitoring APPs.

State or territory tuberculosis case manager

A senior veterinarian (preferably with previous experience of TB eradication) should have
overall responsibility for managing a TB incident ose€®n behalf of the state or territory.
This person also has ongoing responsibility for ensuring that staff from state or territory
agencies:

e Are aware of and are trained to follow the procedures described

e Are able to access instructions that clarify logegjuirements.

The state or territory TB case manager is also involved in reviewing and approving draft
APPs.

Manager of an approved property program

The APP manager will usually be a district veterinarian who will, either personally or via
delegated vetenarians and inspectors, ensure that the activity on a property follows the
guidance provided in this manual and leads to successful eradication. The APP manager is
also responsible for keeping records on actions taken on a property under the APP.

The APPmanager normally negotiates the APP with the owner of the cattle. The draft
program will be reviewed by the state or territory TB case manager and the CVO. It will
then be analysed by a TB Property Program Group set up by AHC to provide expert
assistanc#o design and management of the program.

Supervisors and managers of programs must be knowledgeable about:

e Pastoral cattle mustering, handling and management

e The purpose, nature and content of an APP

e The technical aspects of tuberculin testing

e Postmortemtechnique and sample collection

e The documentation associated with testing and management of reactors.
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Departmental officers

A departmental officer should be present at all eradication procedures involving extensive
herds to:

e Check the identity of cattle

e Check the accuracy of identification of samples

e Supervise any age culling

e Check the effectiveness of mustering

e Check the effectiveness of destocking

e Supervise ear tagging

e Manage stock movements, including maintaining group security and keeping records
of all movements

e Report to the CVO on the effectiveness of tuberculin testing and compliance with the
APP.

Owners

In addition to requirements imposed on a property owner resulting from the disease control
legislation in a state or territory, owners are &tpe to cooperate with the state or
territory government agency to:

o Develop a suitable APP

o Provide facilities and staff to assist

e Present cattle for testing as agreed

o Destockagreed groups of cattle in a timely manner.

Providing advice to property owners and managers

The process of developing a suitable APP with a property owner or manager is complex,
with possible ramifications at the state/territory and national levels. To reduce potential
problems during this process, an officer with previous TB eradicatiperience should be
involved and, if necessary, specifically engaged to assist in developing the APP.

Owners need to be fully informed of the implications for their operation should TB be
confirmed and/or extensive eradication activity become necesstoymation on TB and
any instructions should be in writing so that misunderstandings are minimised.

Given the period of time since TB eradication was common, owners and managers may
have little understanding of the importance of a case, or the neeadhaptperadication
and management under an APP.

Any suspicion of TB must be treated as a serious animal health incident. As a minimum,
eradication is likely to involve an order to slaughter altamtact cattle. Officers with
responsibility for investigatig a TB trace should be aware that the investigation and
associated quarantine, testing and destocking will be sensitive issues for owners. Working
cooperatively with the owner to develop an agreed program will be more successful than
dictating requiremest
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The nature of TB is such that it is unwise to make predictions about the outcome of control
and eradication procedures. Owners should not be given any advice about expected
progress or quarantine release that cannot be reasonably assured.

Once a suitale APP is negotiated, owners must be advised that final approval is subject to
approval by the state or territory CVO, scrutiny by the TB Property Program Group and
endorsement by AHC.

Preparing for program development

Before officers visit a property wiscuss the traekack with the owner or manager, they
should prepare for the visit. This includes internal discussion within the state or territory
government agency to familiarise key personnel with the property and any previous TB
history and surveillace, and conducting a preliminary costing of the activity and potential
financial impacts of an APP.

It is useful for an APP to be prepared in draft form before atfaft&ce meeting with an
owner so that there is a clear picture of the issues to be shstaad some feel for the
impact the program may have on the enterprise.

Before discussing an APP with an owner, the APP manager should brief the TFAP
Manager about the intended activity and its estimated costs.

The initial property visit

At the initial property visit, the cattle movements on and off the property for at least the

past2y ear s are ascertained and a chronol ogi ca
book and/or records of stock sales and purchases. The record must include accurate

numbes, age, breed and type of cattle that could have been in contact with the infected

animal. The owner must be made aware that a formal movement permit is required before

any quarantined stock can move on or off the property.

The owner should be asked aboatghbouring properties and herds. A sketch map of the
property, including boundaries and neighbouring property positions and owner detalils,
should be drawn up. The owner should be advised that the neighbours will be notified of
the nature of the quarané order placed on the property.

Capacity of property management to implement an approved property program

Experience has shown that the property owner/manager can have a critical effect on the
performance of a proposed APP. Key issues that may inflibacitcome include the
owner 0s:

e Ability to plan a realistic and detailed management routine that will integrate with the
eradication program

e Reliability in implementing routine or extra management activities

e Ability to fund the proposed program

e Willingness to provide competent staff to support the testing program

e Ability to undertake paddock inspections at the required frequency and thoroughness.
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Assessing the impacts of an approved property program

An APP could have significant effects on the daily opena of the property, as well as
placing a financial impost on the owner. Careful attention to detail and documentation is
essential to manage these effects.

In addition to receiving advice and assistance to determine the financial implications of
eradicdion activity on their operation, owners must be well briefed on:

e The availability of cattle compensation
e Other government assistance programs that may apply
e Potentialimpact on their ability to sell cattle.

Developing a program

An APP should be designed to eradicate the infection witvoryears of detection. It

must consider the total cattle entesp and identify all key elements that may impact on

its success. Before the APP is finalised, it is therefore essential to ensure that sufficient
time is available to accumulate relevant information and appropriately assess all factors.

The model providd here for developing suitable APPs is a summary of documents
originally prepared by state and territory agencies. It should not constrain officers from
providing additional detail where it supports the outcome of eradication.

The property eradication strategy

The development of an appropriate APP depends on a careful analysis of the disease
situation, the nature of the property, the cattle herd and its management, the time period
during which eradication must be achieved and the resources that casdrabda

applied.

Wherever possible, the person(s) responsible for developing the APP should consult with
someone experienced in developing and implementing similar programs.

Overall philosophy

When national eradication commenced in the 19if@slied hevily on the tuberculin test

(see Sectio®); when reactors were identified, they were treated as infeesiwas
satisfactory while the prevalence of TB was high. However, as prevalence declined in the
later stages of eradication, the proportion agdgdositive reactions predictably increased.
This created problems with owners because of a perception that the tests were ineffective

This led to a change from relying on the tuberculin test to using epidemiological
investigations of newly detected oloptem herds as a key to successful eradication.
Mycobacteriologicalsolationwas used as the definitive diagnosis.

The following summarises the major considerations in developing a suitable strategy for
achieving eradication in a timely and cestectivemanner.
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Diagnostic testing

Tuberculin testing (see Sectiéhwas previously the mainstay of detecting and

eliminating animalshat have TB. In the later stage of formal eradication programs, the use
of the interferon gammdRN-o jJest (see Sectior) also had some impact. However,
drawbacks to testing programs include the relatively poor sensitivity of tuberculin testing
(especially in extensive areas) and the need to regularly retest groups of cattle until a series
of testswithout detecting disease (accepted as a minimum of 4 tests ggarsd has been
completed. ThéFN-2 test presents logistical problems because of its requirement for
collection of whole blood samples and their delivery to an approved laboratory within

24 hours of collection. All testing programs are resource intensive and demand a high level
of control over the cattle involved.

Whole herd test and slaughter was the classic eradication method; it involved testing all
animals presented and slaughter afcters.The technique was enhanced in 1982 to
require paddock checks for unmustered cattle and removal or destruction of these animals.

If further TB cases were detected, it would be likely to precipitate further serial, targeted
destocking of the herd.€Bt programs may be of benefit in large herd situations where the
level of TB risk is considered acceptable for eradication (that is, around 1 or 2 cases from a
herd of 10000 breeder cows). A typical status progression would be as modified from the
TFAP2SDRs below:

(3.4.2) Testing

(a) An Infected (IN) Herd requires one Negative Test without evidence of infection
not less than 6@ays after the previous test, to attain RD status.

(b) A Restricted (RD) Herd requires one further Negative Test without exgdin
infection not less than ®ionths after the test by which it attained RD status to attain
PC status.

(c) A Provisionally Clear (PC) Herd requires one further Negative Test without
evidence of infection at an interval of not less than 6 months héteest by which it
attained PC status to attain CF1 status.

(d) A Confirmed Free One (CF1) Herd requires one Negative Test not less than
12 months after attaining CF1 status to attain CF2 status.

(e) A Confirmed Free Two (CF2) Herd requires a revieye& s after the last known
Tuberculosis and all Cattle previously exposed to Tuberculosis require one Negative
Test. Such a test is a Surveillance Test and the Herd achieves CF3 status. Where
exposed cattle remain in the herd, additional surveillance gasiity be required as
agreed in the APP.

Age culling

Experience has shown that the cumulative risk of TB increases witGaga the
increased risk with age of diseased animals not readtitigettuberculin test (because of
declining immune status with advancing age and decrepitude), tpsbigigams that
concentrate on younger animal® very successfuDtherepidemiologicafactors that
support this approach include the chronic natureBinfection and the increased risk of
transmission as the period of infection increases

Age culling involves the forced sale of all cattle over a specified age, comBgesrs,
before tuberculin testing
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The greater the severity of age culling, thereniikely it is that diseased animals will be
removed from a groupJnfortunately, this also means that fewer productive breeders are
left, and this has a greater impact on the financial viability of the proddmixg, age

culling should bgoart of a longterm strategy and only used when the size and nature of
the cattle operation require this appraach

Destocking

Destocking or dgopulation means the removal of all animals from a property, area or
premises to slaughter. Thias proved a cosiffective means of eradication, especially in
herds with chronic TB or where there are substantial areas containing infected cattle or
buffalo. Destocking was also favored on properties with limited resources or expertise to
conduct tesandslaughter program&roducers often preferred this option, despite the
mediumterm financial disadvantages, because it ensured eradication and allowed new
stock to gain early access to markets.

Factors supporting a decision to destock a herd or group include:

e A previous history of TB

e Concern over the effectiveness of a testing program because of factors such as age or
poor nutrition of the cattle

¢ Managementhat isincapable of implementing a testing program
e Holding and testing facilitiethat precludeffective control

e Inadequate stock control, or geographical/environmental conditions preventing
adequate musters

e A financial and economic advantampadestockng.

The National Livestock Identification Scheme (NLIS) should be informed when cattle with
a TB risk go to slaughter, to facilitate a more intense inspection procedure.

Travelling and communications

Eradication procedures often require lodgstance travel, sometimes in difficult terrain
and road conditions. Inspectors should ensure that they are equipped to deal safely with
these conditions. They should ensure that:

e Vehicles are appropriate, in sound condiaonl equipped for the task

o Sufficient food and water are carried to deal with a vehicle breakdown or delay

e Accurate directions and/or maps are obtained from the owner or manager

e Advice is received as to whether the meeting is at the homestead or cdtle yar

e The owner/manager is advised of the approximate time of arrival

e A satellite phone or equivalent communication capability is carried.

Punctuality and a willingness to assist the process and accommodate changes in routine are
essential. Supervisors of gm@ams must maintain effective liaison with the veterinary

officer in charge of the APP, the owner/manager or head stockman, and any testing
veterinarian.
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Managing extensive and difficult-to-muster areas

The variable climatic and environment conditions in central and northern Austedia
that cattle are grazed over very large areas. These areas are often heavily vegetated, flood
prone or mountainous.

Actions that assist integrity ahttle groups include fencing and other barriers, individual
identification paddock inspections for stray stock, repeat musters and destruction of
unmusterable stock

Area or premises management

In some parts of Australia, there are neither boundadesiternal fences. In such areas,
the 6premisesd6 or home area concept has be:q
program.

Each premise must include a setintained group of cattle that is managed separately from
other premises. In particular, themeist be secure and defined physical boundaries, such as
fencing or impassable topography.

Premises should have an individual property identification code (PIC) number. Cattle
identification and movement conditions should be similar to those applying tenneons
between properties.

The criteria for successful premises managercante summarised as follows:
e Eachpremisesnust be seltontained.
o Each pemises must have secure and readily defined boundaries.

e Eachpremisesnust be issued with its own PIC nber.

e Movement conditionshould apply that argmilar to thosdor movements between
properties.

Unmusterable areas

It is important to repeatedly test the same group of cattle. However, many properties have
areas that cannot be effectively mustered. Swehs should be secured from any retained
cattle and destocked over a period to be determined by the CVO.

Proving areas free of cattle

In all testing and destocking programs, paddocks and premises must be thoroughly
inspected for cattle by ground and/arta ensure that all are mustered, tested or
destocked. Cattle that cannot be mustered must be destroyed. In sompastsa®tem
examination of such cattle for TB may be warranted to support the disease status of the
whole group.

Information from musdring crews and helicopter pilots is often very useful in gaining an
accurate picture of the efficiency of mustering. Any conclusion should be confirmed by the
owner/manager.
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Before conducting an aerial inspection of a premises or paddock and destrgying an
unmustered cattle, those responsible must obtain signed permission from the
owner/manager. Any unmusterable cattle that are destroyed must be described and
recorded so that appropriate compensation can be determined.

Helicopter shooting

Shooting cattle from a helicopter is a specialised task that requires specific training and
should only be undertaken by experienced marksmen.

Pilots involved must also be trained so that thyhf characteristics provide a suitable
platform from which cattle can be humanely and efficiently destroyed.

Further information and detailed advice are contained in Brumm (1992), AUSVETPLAN
and animal welfare standartfs.

Judas cow procedure

Radio tracking of 6Judas cowsb6 is an effect
buffalo. The technique capitalises on the social nature of cattle and buffalo, which results
in their se&ing out other animals in an area.

Radio transmitter collars are placed on suitable cattle, usually cows or young bulls, after
they are immobilised by an anaesthetic dart fired from a helicopter.

Precollared steers can also be released into new arbéase they tend to travel along
watercourses and locate local cattle. Stock with radio collars are located monthly by
helicopter and the accompanying stock are destroyed. The collared animals are then
released to locate further unmusterables.

Further infornation and detailed advice are contained in Caple (1992) and Carrick (1992).

Test groups
Effective testing programs rely on managing test groups so that all eligible cattle are tested
repeatedlyKey factors to consider include:

e Group sized one that can be safely handled and securely held in the available
facilities and that does not impair the t
as specified

e Integrityd strict isolation of grops from each other is the most efficient way of
reducing the potential for spread within a property

e Identificationd to record and monitor the composition of a group and enhance
traceability of strays or any animals moved from the property.

Further details provided in SectioB.

7 hitp://mww.animalhealthaustralia.com.au/programs/eadp/ausvetplan/ausvetplan _home.cfm
18 http://www.publish.csiro.au/nid/22/sid/ttm
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Managing cattle movements

The importance of controlling cattle movements associated with a potentially infected
property cannot be overemphasisedydvernment officer, usually a stock inspector, will
have local authority to manage all stock movements and will be responsible for
maintaining group security and keeping records of all movements, whether controlled or
inadvertent.

Controlling necessary movements

Properties affected by TB are placed under a formal notice of quarantine as quickly as
practicable. Cattle movements from the property and between groups are only permitted
with the approval of the CVO.

Movements to slaughter are routinely perndifteut records of the animals moved must be
maintained so that their absence from a test group is recognised.

Cattle straying from an infected property

In addition to managed movements, straying of cattle from potentially infected properties
also has sigficant implications. In particular, straying cattle may cause concern in
adjacent properties if they are found mixed with disdeesecattle. Assessing disease

status in such circumstances is difficult, given the uncertainties in identifying infected
animals and the long incubation period of TB.

Straying animals may prolong testing programs and result in additional costs to the owner.
A process for managing them should be written into the APP. It should, as a minimum,
require the owner of the stray stdckadvise the supervising inspector of dates and

numbers of stock involved. It is usually preferable for such animals to be routinely
consigned for supervised slaughteostmortemcollection of suitable lymph nodes from

the straying cattle may be warradtto exclude TB.

Cattle straying onto an infected property

Ingress of cattle from adjacent groups may result in considerable additional work to
remove them. Because their status will be uncertain, the situation may best be resolved by
consigning them foslaughter.

Collection of lymph nodes and laboratory examination for TB are not necessary.

Contingency plan

APPs should be reviewed in the event of drought, flaad, fireor marketdepression.
Contingency plans developed in these situations should attempt to maintain the integrity of
test groups.
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Administration of an approved property program

Documentation

Carefully prepared and accurate documentation of an APP is essential, because the
information in the APP provides the basis for all parties to have a common understanding
of actions, responsiliies and support for the agreed activities. In some jurisdictions,

APPs will have a legal basis, requiring careful consideration of their structure, content and
ramifications.

APPs should include, as a minimum:

e The start, finish and any interim targeteta

e Atimeline outlining activity over the full two years of the program

e The number, sex, age and disease status of all cattle on the property

e The ear tag identification system to be used

e The measures to prevent spread to neighbouring groups or herds

e A mapof the property, indicating the area occupied by the cattle and surrounding herds
e A description of the holding paddocks and testing yards

e A description of any testing program

e A description of any destocking.

Detailed documentation is expected for thetfyrear of the program, and an outline should
be provided for the following year(s).

APPs involve significant financial commitments and implications for both agencies and
owners. The written agreement should clearly describe these.

Once the owner ananaer and state or territory TB case manager have approved the draft
program, two copies should be prepared for signing. The owner/manager retains one copy
and the other copy is usually held by the TB case manager. A photocopy is commonly
retained for locatecords.

When an APP is completed, the owner/manager should be notified by letter, which should
thank them for their efforts and cooperation and summarise key outcomes of the program,
the final status of the herd and any final conditions or requirements.

Approval

Final approval of an APP lies with the state or territory CVO, who is expected to follow
the guidance provided in this manual and to obtain the support of the TB Property Program
Group (PPG) and AHC.

Endorsement of the APP by the PPG, which ide&icattle industry representatives, is

central to the success of the APP process. Industry expertise is important for the success of
APPs on large properties. Industry is also a key stakeholder and will contribute funding for
compensation for slaughterstbck from the Cattle Diseases Compensation Fund on the
basis of an APP. Further details on the operation of the PPG are in Appendix
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Maintaining records

Keeping records of what occurs on a property during the conduct of an APP is important.
These recorslprovide:

e A basis for preparing annual reports

e Information relevant to an epidemiological analysis of the factors that may impact on
the efficiency of eradication

e Assurance to all concerned that the disease is being managed as agreed
e A basis for defendinthe actions taken and the progress achieved, recognising that
such action may occur many years after the APP ends.

Responsibility for keeping records is generally assigned to the APP manager (district
veterinary officer).

Review

The APP should be reviewed the end of each cattle season, taking into account any
additional information and experience obtained while carrying out disease eradication.
Review of an APP at the end of each cattle season provides an opportunity for veterinary
officers, stock inspetors and property owners/managers to examine progress and assess
the effectiveness of the actions taken to control the spread of TB on the property. This in
turn assists all parties to make sound decisions on future program direction and activity.

A review of an APPshould be carefully planned to ensure that all key issues are
appropriately and efficiently explored. Issues that are routinely examined include:
e Prevailing conditions on the property, including weather and feed availability
e An assessment of yaestocking

e An account of progress with testing, including its effectiveness, and an estimate of
future testing required

e Anassessment of management issues, such as mustering, maintaining test group
integrity, provision of resources and general stock rganzent.

The documented review of the program should be discussed with the owner before being
forwarded to the CVO. A summary report should be provided to AHC.
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6 Tuberculin testing

Thesingle intradermal caudal fold tuberculin t€stiberculin testhas been the main
technique for the diawsis of tuberculosis (TB) in cattle. It is a eslediated assay in
which the immune responsan inflammatory reactiorgt the site of inoculation of antigen
results in a swellingf variable size after 786 hours.The test i®fficial whenperformed
by an Approved Person.

The antigen used is a derivative of the mycobacterial tuberculin protein known as purified
protein derivative (PPD) tubercul{@€SL Tuberculin PPD [bovine] Big/mL).

Reactors to the test are removed and a postmortem examinatomdigctedo look for

evidence of infection. Animals may be sensitised to tuberculin for several reasons and thus
not all reactors are infecte@onversely, animals that have a negative reaction to the test
may be infected. An understanding of how to uneetést effectively is therefore

important The reasons for the test not being 100% efficient in detetttib@yculous

animalsare described in the following sections

Characteristics of successful test programs

Because of the limitations of the tuberculin test and especially its poor sensitivity (about
70%), tight quality control is necessary to achieve consistent results. The major quality
controls include:

e restricting use of the test to younger animals, preferably less ty@ar$ of age
e maintaining stock under test in good condition
e reducing stress during mustering, yarding and testing
e repeating the test at least twice per year until no evidence of disdasad
e achieving consistency in groups presented for testing by
i maintaining strict group segregation
i Identifyingand recording the animals in each group at both test and reading.
In many situations, meeting all of these conditions is difficult. Isgeatial that such
situations are recognised because of the impact they may have on achieving eradication

within a reasonable timeframe, effective management of testing programs, and advice
provided to owners and managers.

All cattle over months of agshould be included in a testing program. Testing of animals
younger than @énonths may be authorised by the chief veterinary officer (CVO).

Test groups

Size

Test groups should be restricted to a dieg tan be safely handled and securely held in
the available facilities and that does not
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the test as specified. The size of groups that can be successfully handled also depends on
whether ear tagging to be carried out at a test and the number of people available to tag
and record/read ear tags.

Management factors (such as paddock and yard size, available labour, age of stock) may
have a major influence on group size. Officers should ensure thatsodmeot have
unreasonable expectations of the number of cattle that can be effectively tested in a day.

Maintaining integrity of test groups

Because of the limitations of the tuberculin test, repeated testing of groups is required to
build confidence thalB is not present. Strict isolation of groups from each other also
provides the most efficient way of reducing the potential for spread of infection from one
group to another within a property.

Separation of potentially exposed cattle from other groupst be maintained until
eradication is achieved or the cattle are disposed of. It is important that property managers
are aware of the importance of this and understand the implications for management of the

property.

Most commonly, fencing is used togmide the required degree of separation, but natural
barriers may also be used if they will allow separation to be maintained throughout the
approved property program (APP).

Knowledge of the disease status of cattle in the surrounding areas is important i
maintaining test group security and must be assessed. This would usually be achieved by a
tuberculin test of such cattle.

In all cases, unidentified or stray cattle must be assessed to ensure that their role or
potential role in managing a case is untiod.

Identifying cattle under test

All cattle tested as part of an APP must be individually identified. Accurate identification
also provides enhanced traceability of any animals that are moved from the property or that
stray to another group.

The methd of identification will be specified in the APP and approved by the CVO. It
will be compliant with the National Livestock Identification Scheme (NL&éY theNLIS
database will be informed of the herd identity for future tracing and surveillance.
Identification by numbered ear tags (radio frequency identification) is the preferred
method forrecording and monitoring the composition of a test group.

Understanding the tuberculin test

Despite widespread use aexbmination of many variables involved in its use, the

tuberculin test has a number of weicumented problems, including a large reduction in
sensitivity under some circumstancearious studies report the sensitivdlthe

tuberculin test as rangingoin 48% to 95%, depending on the physiological state of

infected animals, the selection process for test animals, and operator variation. In northern
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Australia, local consensus during the 1980s and 1990s (the peak of test program activity)
was that the tédad a sensitivity of about 70%

Although the specificity can be apparently high in some herds, false positive reactions
from antigenic cross reactivity with atypical mycobacteria may be signifitaetreasons
for variation in test performance are notlerstood.

Animals that react but show no lesions

These were commonly referred torasvisible lesion(NVL) reactorsin the latter stages
of the TB eradication programshen the protocol for examining lymph nodes was
changed to eliminate slicing thatrceontaminate specimertbey were referred to am
palpable lesion (NPLreactors.

Two major reasonfor the occurrence of NVL reactors are recognised:

e Nonspecific reactions to otharicroorganismgan occu® in particular, to other
mycobacteria that thanimal may have come into contact wihile sensitising the
animal to tuberculin, they rarely result in observable lesions

e Recently infected cattle mayot yet have developed lesions

Non-reacting infected animals
There are many reasons that infeaednals may be anergic or nogactingto tuberculin,
including the following:

e Injection of tuberculin decreases the antigenic response to subsequent testing for a
period of 60days(desensitisation)and cattle cannot be reliably retested during this

period.
e The presence of otherdiseaseay af fect the animal 6s | mmu
e Cattle with (thgiefecteonhad spread didelyy Bithin the body) may not
reactusually because of the I mpact of the di

e Incorrect igection of tuberculircan result in subcutaneous deposition.
e Recently infected animals may not react.

e Mal nutrition can reduce the effectiveness
significant in central and northern Australia where seasonal comslitiay leave cattle
in poor condition.

e Other stress factors, including pregnancy, recent calving, mustering, transport and age,
may lead to nomeaction.

Repeat testing

The true sensitivity of #htuberculin test is not known. The accepted sensitivity of about
70% in northern Australia may be further reduced by factors such as herd nutritional and
lactationstatus, tractability of the cattle, local weather effects and operator effects. This
meanghat, on average, the test will only identify 70% or fewer of infected animals. Thus,
if used as a single test, it would be unreliable and eradication based on testing would be
unlikely.
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Repeat testing of stable groups of animals, with removal of anyrsaist essential to

improve the performance of the test. The aim should be to test all cattle in a group at least
twice per year. More frequent testing can be carried out if environmental conditions are
conducive, but there are practical limitations torsprograms on most northern properties.

Testing once per year rather than twice per year may be approved by a CVO if there are
special features of the APP, the behaviour of the disease or other epidemiological features.
However, it must be accepted thabgress towards eradication will be significantly

reduced with this frequency of testing, making it impossible for a program operating on

this basis to be completed withiryars.

Because the animal becomes desensitised to tuberculin, a minimurdayfsiust elapse

before the test can be repeated. During the Brucellosis and Tuberculosis Eradication

Campaign (BTEC) and the Tuberculosis Freedom Assurance Programs (TFAPs), a formal
program of tests and herd statuses was used to ensure that all herdedtbjesting

programs fulfilled minimum requirements for the number of tests without the detection of

TB. These requirements recognised the need to progressively increase the period between
tests (from 6nonthsto12nont hs) once s e vbeanachievédcThe and t e s
increased period between tests provided an opportunity for animals in the early stages of
infection to progress to a sensitive state and for any undetected anergic animals to regain
sensitivity.

Storage and care of tuberculin

Tuberculin must be treated with care to ensure that no loss in potency occurs as a result of
environmental conditions. It should be protected from light and storé@4t 2intil used.

A portable refrigerator or icebox containing sufficient frozen blocks to maintain this
temperature is required. Tuberculin must not be frozen because this will seriously reduce
its potency.

Tuberculin must only be used if it is within the expiry period prirttedhe bottle.

Used and partly used containers must be disposed of at the completion of a test.

Equipment

A single or multidose syringe that can accurately dispensal0.df tuberculin is required.
Thepreferred syringe for accuracy and speed is the McLintocketrsyringe? Needles
should be 2Zjauge or finer, with the unsheathed portion of the needle no less tiain 2
and no more than®m in length. Spare needles are essential.

Equipment should behecked at least a week before a test. Syringe washers dry out over
time and it may be necessary to dismantle the syringe and soak washers in water for a day
or two.

Syringes must be kept free of dirt and faecal contamination by routinely washing with
watea and must be cleaned before refilling.

19 hitp://mww.bkmeclintock.com/index.htm
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Checking the efficiency of mustering and yard work

Departmental officers attending eradication procedures are expected to supervise all
aspects of a tuberculin test on behalf of the local veterinary officer in charge.

Attending officers must count andentify the cattle when injected and then supervise the
reading of the test to ensure that the same cattle tested are present at reading and that no
stranger cattle have intruded. To this end, cattle being tested can be paint branded at
testing, with a symmol and colour that distinguishes them from other recently tested cattle

in other mobs or premises.

The details of animals tested are recorded
should include ear tag and button colours, the serial numbeas tafgs applied to any
untagged eligible cattle, and the destination of any subgroups formed following the test.

Observations of the mustering process, such as the number of station staff in attendance
and the number and type of aircraft and vehicles semild also be recorded. Additional
information that may be relevant to the effectiveness of the test includes the number of
station staff in attendance at the yard, the method of holding the cattle and the amount and
type of feed provided for the catthetween the needle and the read. Such records are
submitted to the veterinary officer in charge and should be kept on the station file.

Whether any cattle remain unmustered in the paddock or premises must be determined.
The objective is to obtain a 100% ster.

Testing facilities

For the safety and comfort of personnel, animals must be appropriately restrained during
the tuberculin tesWithout appropriate facilities, operator erroayimpact o the
effectiveness of the test.

The crush should be narrow enough to restrain the majority of cattle testieould beof

a height that obviatate need to climb over the crush or reach through it, since both
actions are potentially dangero@@usheshould be loaded with sufficient cattle to inhibit
their forward and backward movement

Conduct of the test

The same caudal fold must be used for all animals in a test group.

The fold should b examined for any abnormality. If any abnormality is detected, this
should be recorded as it may disguise a reaction. If necessary, the opposite fold can be
used and the animal specially identified to ensure that the same fold is examined at
reading.

Injecting tuberculin
The injection site is cleaned if obscured by mud or faeces. The test is performed using two

hands and visual appraisal of the injection site. The fold to be injected is located and
immobilised at the level of the third or fourth coccygeatebrae using the fingers, or
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fingers and thumb of the hand not holding the syringe. The forefinger of the controlling
hand can be used to turn the caudal fold out to expose the bare portion.

An intradermal injection is made by inserting the needl&atalthe skin surface.

Intradermal deposition of tuberculin is indicated by the immediate formation of a small
palpable bleb at the site of injection.

Reading and interpretation

The test is read by lifting the tail with one hand so that the injecit@iissvisible, cleaning

the area if it is obscured by mud or faeces and palpating the injected caudal fold with the
free hand.

Palpation is done by running the entire length of the injected caudal fold between the
finger and thumb. The operator must alsibly check for a blanched area surrounding

the injection site, which can indicate hypersensitivity.

A positive reaction is any swelling other than a small hard scab caused by the needle
wound.

A negative test is no perceptible swelling at the sitajettion.

The caudal folds may be compared to help determine if there is any swelling, thickening or
oedema at the injected site.

If there is any doubt, it is best to identify the animal as a reactor for a detailed, standard,
postmorteminspection andallection of essential lymph nodes for laboratory examination
and culture.

The role of veterinary practitioners

Veterinary practitioners were used extensively during BTEC to perform tuberculin testing.
While it is unlikely that they will be required to assist in future, the following gegner
conditions are provided as a guide should this be necessary. Local requirements and
specific protocols will be determined by the respective state or territory.

A veterinary practitioner would normally be subject to a contract that will specify the
following requirements:
e To give 72hours notice to an inspector before performing a test

e Not to test any cattle in which the veterinary practitioner has any financial interest
except with the approval of the state or territory CVO

e To arrange with the owner oranager of the stock to carry out a test
e To store and carry the tuberculin under specified conditions

e To perform the test correctly

e To conduct testing and reading only in daylight

e Only to test groups of cattle that are of such a size they can be testedtabiyfin
one day, allowing for fatigue and the nature of the facilities
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e To maintain and keep in good working order all necessary equipment

e To keep on hand adequate supplies of tuberculin, and containers and preservatives for
the collection of samples

e Topersonally perform all aspects of the test.
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7 The interferon gamma test

The interferon gamma (IFN ) i$ & additional tool for elimination of tuberculosis
(TB) in cattle. It may help to minimise destockingaold confidence in the effectiveness of
a testing program as an alternative to destockingemMused in combinatiomith the
tuberculin test, the increased sensitivity of lfRl-0 test may enable the number of repeat
tests to be reduced.

Thetest was introduced in the closing stages of the Brucellosis and Tuberculosis
Eradication Program (BTEGIs a diagnostic assdyis based on the in vitro measurement
of celkmediated immunity.

The sensitivity of the IFMN assay (93.6%; Rothel et al 1990%ignificantly greatethan

that of the tuberculin test (70%; Cousins et al 1998b). The use of the two tests in parallel
hasgiven an overall sensitivity of 95.2%, with a specificity of 96.3%. Although thedFN
assay detects many infected cattle missed by the tuberculin test, some infected animals
may test positive using the tuberculin test and negative usingthe IFNl e s t .

How the interferon gamma test works

Tuberculin isprocessed by antiggresenting cells and recognised by sensitisedlls in

infected animals. ThE=N-2 testduplicates in a test tube thdlemediated immune

response to tuberculin.teasures the release of N by white bl ood cel |l
whole bloodculture.

Theassayis available commercialliBovigram, CSL Limited, Melbourne). It requires

overnight culture of whole bloodith phasphatebuffered saline (nibntigen control),

bovine purified protein derivative (PPD) tuberculin or avian PPD tuberdtirhite

blood cells have been sensitised by previous exposureto TR IFNvi | | DbAfterr el eas
16to24h our s 6 i n clasihaad separated byt cangrifugation and assayd&Nbo

in an enzyme immunoassaging monoclonal antibodies raised against recombinant

bovine IFNo .

Procedure

A blood sample is collected intovacuum tube (vacutainer) that contains heparin to
prevent clottingWithin 24 hours (necessary for viable white blood celisg sample is
divided into three parts as described above

Interpretation

M. bovisinfection is indicated when bovine PPD stimulates nibh0o  t does avian
PPD or the n#antigen control. A false positive reaction is indicated when the avian PPD
stimulates a higher level &#FN-2than bovine PPD and nil antigen

Avian tuberculin is used becausk aviumand related organisms are a comroanse of
nonspecific reactions. Only those samples where a higher reading is obtained in the sample
incubated with bovine PPD tuberculin are considered positive.
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Facilities

Facilities adequate w@low safe collection of blood using vacutainers must be available.

Application in Australia

The assay can be completed withinHtirs but is limited to testing up to 400 caler
day, even with experienced staff in the field and laboratory. It must not be used until
60 days after the last intradermal tuberculin test, to avoid possible desensitisation by
antigen overload (Radunz and Lepper 1985).

The logistical difficulties inolved in testing cattle in remote areas meantlffidto as s ay
was not used routinely in eradication programs. Where it was used, it was used
combination with a tuberculin test to help identify residual infection in problem herds.

If use of this assay is being considered, there are several practitasnatake into
account:

e The test requires the collection of heparinised blood samples andsino$
vacutainers. This may be slow if operators are inexperienced.

e Laboratory processing must be carried out on the day of collection (preferably within
6i 8 hours).
e The laboratory procedure is labour intensive and requires specialised training.

e About 400 samples per dayethe most that can usually be processed at a time. This
leads to logistical problems if testing of large groups is necessary.

e The test osts about $15 per animal (in 2005), making routine use potentially
expensive compared with the benefits of the test.

A benefit of the assay is that thet-off value used can be varied to suit the requirements
of a testing program. In an eradication diioia the most stringemut-off would be used
to maximise sensitivity.

The high sensitivity of th#FN-0  a sneaasythat it is ideally suited to situations in which

the prevalence of TB is high or the disease is spreading rapidly and it is desirable to detect
as many diseased animals as possiblbellFNo and tuberculin tests
paralel, overall test sensitivity can be enhanced.

ThelFN-o  thassdme advantages over the tuberculin test:

e It tests for both bovine and avian tuberculin sensitivity at the same time.

e ltis alaboratory assay and does not require a second visit to alvesnlt

e There is no posihjection period during whickthe condition of the animalg.Q.stress
or nutrition deprivation) may interfere with the response

Although the unit cost of testing an animal will be higtirem for the tuberculin test, the
assy 60s higher sensitivity means that fewer r
a herd and thus the total cost of eradication from a herd may be lower.
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8 Handling of test-positive cattle

Reactorsand any cattle deemed suspect on clinical groundst be identified and placed
in isolation from all other cattle pending their dispd&sl either orproperty slaughter or
consignment to an abattpl®R retested, this time i acomparativecervicalskin test
(CCT)as described in Appendix JReactors to the second test mustibstroyedf by
either onproperty slaughter or consignment to an abattoir.

The CCT has a lower sensitivity than the single intradermal caudakkildowever
retesing with the CCTincrease the overallspecificity of testing. Theestshould only be
used if there i suspiciorihat a tuberculin test reaction is due to previous exposure to
Mycobacterium avium complex ordiestruction is not acpéable becauste animahas a
special value

Identifying and recording test reactors

An inspector supervises the identification, description, holding and destrotaory
reactors found by a testing veterinarian. The decision by the testing veterinarian that an
animal is a reactor is final and must be unequivocally supported.

Inspectors will be aware that the nature of the tuberculin test is such thahsome
infected cattle will react. Experience in pastoral areas indetttat one reactor can be
expected for every 40600 head tested.

Owners and/or managers must be made aware that any cattle with a reaction must be
destroyed and samples collected for laboratogmerationor reteséd, not before 60 days,
with the CCT.

Unless a retest will be don@actor cattle must be disposed of withind2dy/s of a test,
either by consignment to an abattoir for immediate slaughter or by slaughter on the
property. Slaughter atine property is common, especially when there are only small
numbers. The other major factor that will assist in making a decision on disposal is the
ability to collect sterile samples duringpastmortemin the prevailing local environment
and weather.

On-property slaughter and examination

If an officer is asked to humanely destroy reactors, he/she must use an approved method
and take appropriate safety precautions. Theotib@h-powered firearms should be

avoided in yards because of concern for the safety of others and the potential for
destruction of lymph nodes required as samples. Officers should ensure that a suitable rifle
is available Appendix 2 describes the sampklection and submission requiremets
laboratorydiagnosis of bovine TB.

The area where gostmortemis conducted must be protected from contamination,
especially wind and dust, as these may render samples unfit for laboratory culture.

The attendinglepartmental officer is expected to:
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e Assist the testing veterinarian to condupbatmortemon any reactors
e Supervise the collection and packaging of samples
e Transport the samples and ensure that they reach the laboratory in good condition.

Where gpostmortemis carried out on the property of origin, the carcase must be disposed
of in a manner approved by the state or territory chief veterinary officer (CVO).

Abattoir procedure

If there are several reactors and their meat value is such that it justifies their transport to an
approved abattoir, each is identified by placing a reactor ear tag in the left ear. The
veterinarian or departemtal officer records the numbers of all reactor ear tags on the
appropriate form and witnesses the removal of the animals from the herd and their
isolation in a secure area before transport. Recording and reporting of National Livestock
Identification Scleme (NLIS) data are also essential.

Reactors are transported under a permit issued by an inspector.

The officerin-charge of inspection at the abattoir must be advised before the dispatch of
the reactors. Following meat inspection, he/she will repotigstate or territory CVO on
the:

» Identification of all reactors examined

o Description of any suspect lesions

e Specimens submitted for laboratory examination.

As set out in AQISExport Control Orderdesions are divided into two equally
representative padns and submitted one refrigerated in a sterileak proofcontainer,
and the other in 10% buffered formadéin within 48 hours of collection. If a lesion is too

small to be divided, a fresh refrigerated sample for bacteriology must be submitted as soon
as possible.

Retesting with a comparative cervical skin test
Appendix 5 describes the technique and the interpretation @f@fie Ananimal with a

positive,or a suspeed positive CCTesult must be destroyed and sampéeddescribed
in Appendix 2.
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9 Post-mortem examination for TB

Thepostmortem examination of catitea critical part of diagnosing bovine tuberculosis
(TB).

Stringent procedures have been developed for collecting samples from reactds,anima
especially where lesions are not evidenpoatmortem This includes use of aseptic
techniques for collecting samples in the field and the usstefilisedinstruments and
containers for specimens to maximise the likelihood of identifidngovis

Any deterioration in conditions (such as rain or excessive wind and dust) requires
increased care and attention to sterility. This may mean a more frequent change of
instruments or postponing tp@stmortemuntil environmental conditions improve.

Instruments and other materials

The following are widely accepted as necessary for conducting gtstanortemfor
TB:

e skinning knife

e boning knife

e rib cutters; longhandled pruninghears are ideal
o toothed forceps

e curved scissors

e straight scissors

e scalpel handle and blades; tin with lid for used blades
e ample supply of clean drapes

e paper towels

e buckets

e scrubbrush (nail/kitchen)

e clean, and preferably boiled, water

e quality disinfecant (Savlon or Inhibac)

e 10% buffered formal saline (10% formalin in buffered saline) andnl0@minimum)
leak proofcontainers

e plastic bags
e insulated carriers and ice or freezer blocks
e glovesd postmortemgloves must be used to protect both operatorsantples.

A good supply of sets of sterilised instruments is essential. Operators must be prepared to
clean and sterilise instruments during or betwgastmortemsif necessary.
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Preparation of instruments

Following apostmortem all instruments should be prepared as follows for subsequent
use:

Scrub until free of blood and tissue using Savlon or Inhibac (preferably warm) and
then fully immerse in fresh disinfectant for aas¢ 15minutes.

Rinse each instrument with lots of clean water to remove the disinfectant. Bore or tank
water used for rinsing should be boiled.

Dry all instruments.
Wrap knives separately in paper towels or drapes.

Prepare and roll up in clean drapeseaist six sets of instrumentsxTorceps,
1 x curved scissors andxlstraight scissors) for collection of lymph nodes.

Conduct of the post-mortem examination for tuberculosis

With the skinning knife, retract the skin from the underlying tissues extending from the
point of the mandible down the neck and over the thorax and abdomen.

Make two deep longitudinal incisions over the ribs, one just above the brisket and the
second next to the backlb®mn

Cut the ribs along both incisions and remove the freed rib cage.

Free the tongue, larynx and pharynx from the hyoid bones by cutting through the
cartilaginous joint, and separate from other tissues for abaernldown the neck.
Take care to avoid cutij the oesophagus as the contents may contaminate lymph
nodes.

Discard the skinning knife and immerse it in disinfectant solution.

Using the boning knife, trim through tissues to locate retropharyngeal, bronchial and
mediastinal lymph nodes. Again, takeeaot to cut or remove lymph nodes with the
knife or touch them with hands.

Discard the boning knife and immerse it in disinfectant solution.
Wash gloved hands in diluted disinfectant and rinse with clean water.
Remove lymph nodes, as described in Appe@d

Carcase disposal

Following a fieldpostmortem the carcase(s) must be disposed of in such a way that the
area is left free of contamination and access to feral or native amnthlsirds is

restricted. Deep burial or burning is best but if this is not practicable then the area should
be fenced off to prevent access by cattle, feral or native animals and birds.

Decontamination

Equipment, personal clothing and footwear should be decontaminated in a visible and
effective manner so that there is no opportunity for contaminated material to be transferred
to another person or property.
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10 Destocking

Destocking is expected to take one of two forms:
e group destocking, to remove a discrete hiigk group of animals from a herd
e age destocking, to provide a suitable group for tuberculin testing.

Group destocking irslvesstrategic removal of cattle from specific areas because of high
disease risk or difficulties in achieving full musters. This is likely to be the favoured option
because experience shows that such a strategy is likely to return the property to normal
operations in the shortest period of time.

Age destocking creates young age groups for tuberculin testing and may have use for in
contact groups where the likelihood of infection is low. Repeat tests will still be required to
provide confidence that bowartuberculosis (TB) is not present.

Despite these potential applications, destocking can be very expensive, causing loss of
production and cash flouConsequently, the implications for the business must be
carefully considered. Owners must be advised tsalb their financial advisers and to

take advantage of any economic advisory service off€@ethpensation payments may
also be very high.

In any situation, destocking should be carried out as expeditiously as possible. It must be
completed within one sean to avoid an increase in the number of animals to be removed
as a result of cows calving or ingress of cattle from surrounding areas. Early completion
will increase the efficiency and cost effectiveness of the task and provide the best option
for the owner in terms of early access to destocked areas and restocking.

Legal basis for destocking

Each state and territory will have its own requirements for enforcing destocking for disease
control purposes. Thiwill involve some form of legal order requiring an owner to take
actions to achieve the agreed outcomes. Such orders will usually be issued by the Chief
Inspector of Stock because of the serious implications of disease. They can usually be
served on eitkr the owner or occupier of the land or the owner of the cattle, whichever is
appropriate.

In practice, such orders are implemented through negotiations on destocking as a part of an
approved property program (APP).

Details that may be included in an ord®slude:
o the area of land that the order applies to

the number and description of the cattle

o the destination abattoir or other point of delivery

o the number and class of cattle that may be destroyed as unmusterable if necessary
o the process (including supgsion) for destruction of unmusterables

e limits on compensation that will be paid
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o the period of time that the area of land must remain vacant before restocking
o the completion date.

Once issued, orders can be cancelled, suspended or amended accordingisiances.

Destocking precautions

Destocked areas must remain free of cattle for a minimum d&gé to provide
confidence that no viabM. bovisremains. This implies secure boundary fen@ngther
effective barrier to control cattle movements from adjoining areas.

All cattle turned off under an order are consigned for immediate slaughter or as otherwise
approved by the chief veterinary officer (CVO).

Care is needed to minimise the potahtor cattle to escape during yarding, transport and
unloading. If cattle escape, the owner, agent or carrier must promptly notify the nearest
inspector so that immediate action can be taken to minimise mixing with other stock.

An aerial and/or ground seey of destocked areas will be requiredda@s after the

removal of the last animal. It may also be necessary to perform one or more checks within
this period if there are concerns about unmusterable cattle or strays. If these are found in
the destockedrea, they must be removed for slaughter or destroyed on site. If slaughter on
the property is necessary, theosstmortemexamination for TB may be required.

Supervision

Supervising inspectors or veterinary officers must supervise the whole process of removal
of cattle to an approved abattoir for slaughterswiil require considerable liaison with

the owner, agents, trucking contractors, yard operators, meatworks management and meat
inspectors.

The supervising officer must understand the implications of quarantine and ensure that
records are kept of all aspe®f destocking. Records should be sufficiently detailed to

provide accountability for adherence to agreed timelines, compensation and movements, so
that groups and classes of cattle can be traced from the property of origin through to
abattoir slaughteF-or example, cattle may need to be staged via a dip or other yard on one
truck and leave on another, and this may necessitate keeping various groups/truckloads of
destock cattle separate from one another irydipls or other staging yards.

The supervisig officer must also ensure that the welfare of the cattle is appropriately
managed throughout the process of destocking.

Attendance at drafting and trucking

Punctuality and a willingness to accommodate the process of drafting and trucking of
destocking cattl and likely changes to routine are essential. Owners, property managers
and supervising inspectors must accept that problems will occur and must have a means of
effective communication with the veterinary officer in charge and others involved in the
destaking.
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Agents will usually conduct the actual drafting, and inspectors should record the number of
each class of cattle and provide assistance as appropriate.

There may be situations in which the inspector will need to decide whether any cattle are
untrukable. He/she must be prepared, with the agreement of the owner, to humanely
destroy such animals. The description and identification of the animals must be noted so
that the owner can be compensated. The owner is responsible for disposal of the carcases.

Cattle ordered to slaughter are identified by special tail tags and usually a yellow or light
blue paint stripe applied to the midline of their backs.

Travel must be accompanied by a permit authorising movement of the animals from
property to abattoir. TRimust include accurate numbers, identification (brands/earmarks)
and descriptions. It is also useful for the permit to have an attached diagram denoting the
decking configuration of the truck and the number and class of stock as loaded3Figure
shows atylised diagram of trucks, indicating prime mover and specific deck layout.

25 shorthorn cows 13 Strs |13 Hfr 35 mixed weaners
20 Brahman bulls 24 Brahman cows®1 25 Brahman cows
line 2" line
Figure3 Sample diagram of decking configuration for truck used in destocking

Interstate movements

Prior approval is required for destock cattle to travel to an approatbabn another
state or the Northern Territory. This usually involves the veterinary officer in charge
advising the inspector or veterinary officer in the district of destination of the details of
each consignment before they are dispatched. The ssipgraifficer should carry
appropriate telephone contact numbers for the officers in the district of destination.

Managing long distance movements and spelling

Where destock cattle are consigned to abattoirs distant from the property, they may need to
be rested, dipped and prepared for movement at facilities other than those at the property
of origin.

Offloading atdip yardsand other suitable facilities must be supervised by the nearest
inspector or veterinary officer, who must be forewarned of the moudnyehe veterinary
officer in charge. The supervising officer must ensure that a record is kept of the number
and type of cattle and any deaths that occur during the journey or following unloading. The
cause of death should always be investigated, godtanortemexamination may be
warranted to exclude the presence of TB.
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The owner or manager dfp yardgspelling facilities must also be forewarned of any

proposed movement of destock cattle, and must agree that the destock cattle will be able to
be heldin isolation, watered and fed. The facilities and availability of feed should be
checked by the inspector to ensure that they will satisfy all requirements.

The supervising officer should forewarn the yard owner or manager that the destock cattle
may neéd to be held under quarantine conditions for longer than expected if the
condition/health of the cattle or prevailing weather conditions deteriorate.

The owner or manager of thgp yardmust also be advised of any decontamination
measures require@.g.cleaning troughs and removing remnant feed) before healthy cattle
can use the yards that held the destock cattle.

Managing truck rollovers and escape of destock cattle

Destock cattle that eape from a truck rollover must be recaptured or destroyed as quickly
as possible. To facilitate this, truck drivers must be made aware of the nature of the cattle
being trucked and must be given phone numbers for the supervising officer and the
veterinaryofficer in charge.

On being advised of any rollover, the veterinary officer in charge will liaise with the police
and available inspectors to ensure that all cattle are accounted for by yarding or
destruction.

The implications of the escape on a properitydepend on the individual circumstances.
Prompt removal of the animals will obviate the need for any further action on the cattle
they may mix with.

Abattoir issues

Theveterinary officer in charge or supervising inspector will maintain daily contact with
the abattoir to check on the safe arrival of all destock cattle.

He/she must also ensure that abattoir management and meat inspectors are aware of the
destock cattle anthe need for careful inspection. Any granulomas detected, along with the
description of the source animals and any identifying marks or tags, should be dispatched
to the appropriate laboratory within Béurs of collection.

The fate of carcases with TBspect lesions will depend on the extent and location of the
lesions, according to AQIExport ControlOrders. Carcases with no lesions detected are
processed normall§Export anddomestic abattoirs have a legal obligation to keep records
of carcases fromestock animals and carcases that are condemned.
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11 Media response in the event
of a new case

A detection of bovine tuberculosis (TB) may elicit media attention due to its unusual and
potentially zoonotic nature. TBi | | be viewed as unusual or &
reports of an O6outbreakd could have a negaft
markets. It is thus important for accurate, factual information to be used consistently

throughout Australia.

The strategy described is intended primarily for use in situations in which media attention
on a TB case has potential to affect the national interest.

Spokespeople must be credible and respected by the media and public. In most cases, the
relevant chief eterinary officer (CVO) will handle the media because he/she will be in the
best position to provide the community with clear and accurate information. The
information in Appendid provides a basis for this role.

As TB is a zoonosis, enquiries about itmglications for human health should be referred
to a health spokesperson.

The key messages are:

e Australia has remained vigilant for TB in cattle since the last case in 2000.

o This case was detected because of the close and continuous monitoring oltithef hea
Australian cattle.

e When a case of bovine TB is found, the following steps are taken:
i The property that the cattle came from is quarantined.
i Allin-contact and suspect cattle are slaughtered.
i The surrounding areas and properties are tested and nednito

i A careful watch over the area is maintained until national authorities are satisfied
that TB has been eradicated.

o Meat is safe. Affected animals will not enter the food chain. The current risk to field

staff and others is low. Direct contact with icified animals is required for exposure

and infection.
|l nformation on TB in cattle, Australiads pi
Mycobacteriunbovis the causative organisms,provided in Appendid.

Management of the media should be coordinatgd Ani ma | Heal th Austra
communication section.

68  Bovine Tuberculosis Case Response Manual



TB Case Response Manual_Ed2_FINAL_lanl-((409).doc

Appendix 1 Legal capacities critical to
success of bovine TB
control and eradication

Despite the fact that theast majority of approved property programs (APPs) were

concluded successfully because of the cooperation of the affected livestock owners, at
times it might be necessary to use regulatory powers to enable the necessary actions for an
APP to proceed. Durintihe Brucellosis and Tuberculosis Eradication Campaign (BTEC)

and the Tuberculosis Freedom Assurance Programs (TFAPS), a list of legal powers was
developed for future guidance of APP managers. The following consolidated list of legal
powers was agreed bgmpaign managers as being necessary for jurisdictions to deal with
the full range of program circumstances that had been experienced.

e To enter and search any land, vehicle or place or premises for the purpose of
determining the suspected presence of EViB.

e Torequire a person to take reasonable steps to provide information.

e To muster, inspect, confine, count, examine, mark for identification, or test, any
livestock.

o Torequire the permanent identification of cattle and buffalo and the recording of
moveanents to ensure whold-life traceability.

o To take and remove for analysis or examination samples from or specimens of any
livestock that the inspector reasonably believes is infected with bovine TB and to
conduct any analysis or examination of any livektor sample or specimen of the
livestock.

e TOo require an owner (including an owner o6s
muster, yard or secure the owneros | ivest
assistance to allow the safe and efficieamdiing of livestock during inspection and
during the taking of samples and specimens.

e To impose quarantine to control the movement of animals, into and out of suspect or
infected premises or areas.

e Torequire destruction of livestock, including livest@tiowing no signs of disease,
and to restrict the purposes for which they may be used.

e To control the keeping, transport or management of livestock, livestock products,
fittings and fodder, in the quarantine area.

e To require identification of livestock aidestock products, and to trace the
movement of animals, animal products and vehicles.

e To control and monitor feral animals and wildlife as requiregffect control.

e To provide compensation for animals destroyed for the purpose of controlling or
eradicaing bovine TB.

e To enlist the assistance of other emergency management agencies if necessary for the
purposes of controlling and eradicating a bovine TB outbreak.
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Appendix 2 Sample selection and
submission for laboratory
diagnosis of bovine TB

The following describes the minimum requirements for samples suitable for laboratory
examination for tuberculosis (TB). Any reduction in the standard of collection,
preservation or transparf samples may affect the quality of the samples, resulting in the
laboratory results being questioned.

Collection of samples for laboratory examination

Reactors to the tuberculin test are classified as either having lesions visible and/or palpable
or nopalpable lesion (NPL). A range of lymph nodes is routinely submitted in addition to
any granuloma or other suspicious lesion to determine whether the histologic features are
consistent with TB and to detect the presendd.dfovis To obtain consistent drreliable

results, it is essential that:

e rigorous precautions are taken to prevent contamination of samples with mycobacteria,
either saprophytes from the environment or pathogens transferred on instruments

e any tissues intended for histological examina@oe fixed immediately to preserve
cellular detail and bacteria.

Sample selection

Samples from NPL animals

The lymph nodes listed in Tab#&.1 are required to exclude the presence of TB and must
always be submitted.
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TableA2.1 Lymph nodes required foratusion of TB

Priority Tissue Location of tissue

Essential Medial retropharyngeal lymph node Left and right

Tracheobronchial (bronchial) lymph node Left and right

Mediastinal lymph node Anterior and posterior

Highly desirabl¢ Tracheobrorieh (bronchial) lymph node Cranial and medial

Other thoracic lymph nodes

Desirable Mandibular lymph node Left and right
Parotid lymph node Left and right
Lateral retropharyngeal lymph node Left and right
Medial iliac lymph node Left ad right

Mesenteric lymph nodes from the region of th
duodenum, jejunum and ileum

Superficial inguinal (mammary or scrotal) lym Left and right

Procedure

Using sterilised forceps and scissors, remove lymph nodes from surrounding tissues
and inspect for lesions.

If no lesions are palpated, using sterile forceps place the intact node into a plastic bag.
Place each plastic bag with node onto ice in an insulated container.

Samples from lesions

If a lesion is seen or palpated, it must bed#d, using a sterile scalpel blade (part for
culture and part for histology examination).

(Note: Cutting boards should be scrubbed with disinfectant and rinsed with clean
water. The surface of cutting boards can be covered with a new plastic bag opened by
splitting along one side and the bottom and using the inside surface for cutting. Use
each bag only once to avoid cragmtamination).

The portion for histological examination should not exceethin thickness and must
include part of the lesion. Plagealeak proofcontainer containing 10% formal saline
so that the volume is at least ten times XLthat of the specimen.

Place the remaining portion of the lymph node (for culture) into a sterile container that
is in turn placed immediately onto icean insulated container. Avoid formalin
contamination of fresh samples for culture.

If the lesion is very small, submit as a fresh, refrigerated sample.
Discard used scalpel blades into a safety tin.
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(It is acceptable to collect successive groups of nadtbsthe one set of forceps and
scissors provided that they are not contaminated by dirt or hair, by cutting a lymph
node, etc. If instruments become contaminated, discard them and use a fresh, sterilised
set.)

e For swamp buffalo in remote areas with ptamilities, submission of lesions in
formalin only is acceptable for diagnostic purposes. An analysis of Northern Territory
data shows that lesions confirmed on histology to be consistent with TB infection are
highly likely (95%) to cultureVl. bovis.It is rare to obtain either substantiated,
alternative mycobacterial cultures from lesions consistent with TB on histology, or
indeterminate (equivocal) diagnosis with cultmegative results. A formakn
preserved sample and a fresh sample for culture agchpodse chain reaction (PCR)
are the preferred diagnostic materials. However, collection of forrpediserved
samples onlyis a reasonable diagnostic approach for remote field activities. Tissue
PCR sensitivity declines with the amount of time the le&a@xposed to formalin.
There are minor alternative causes of granulomas in Northern Territory swamp buffalo
that are readily distinguished on histopathology.

Sample processing and dispatch

The departmental officer is responsible for packaging samplesreanting their prompt
dispatch to the state or territory veterinary laboratory.

Before dispatch, the laboratory should be advised of the dispatch time, the name of the
carrier and the method of transport so that the samples can be collected immguigtely
arrive.

Samples must be processed and packaged in accordance with International Air Transport
Association (IATA) regulations.

Note that most laboratories will not accept specimens unless:

o they have been properly preserved in accordance with thiseadvi

o they are clearly identified

o they are accompanied by appropriate documentation.

Samples that are clearly contaminated or autolysing will also not be accepted. This may

result in a major disruption to a testing program, with associated costs and pgegsible
action.
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Appendix 3 Animal Health Committee

Property Program Group

Members

The core membef3of the Animal Health Committee (AHC) Property Program Group
(PPG) will be:

a national cale industry representative

a state or territory cattle industry representative in respect of the applicable state or
territory

the CVO of the applicable state or territory or his or her representative

the state or territory TB Incident Manager ifheceshi s not i ncluded
delegate

the Animal Health Australia TB Surveillance Program Manager
an AHGappointed chairperson.

Terms of Reference

Review Proposed Property Programs using the Standard Definitions and Rules and
collective knowledge and egpence as a guide to assess the likely effectiveness of the
measures proposed, including consideration of any additional information on previous
property activity.

Ensure that the Proposed Property Program contains appropriately identified
milestones agast which its progress may be monitored.

Endorse the proposed property program, consulting if necessary with AHC and the
national cattle industry (NCI), without undue delay.

Review progress with implementation of the Approved Property Program against
milegones.

Method of operation

The AHC Property Program Group will generally meet by teleconference but may, where
appropriate, meet in person.

Costs of individual participation in the PPG will be met by each member, with the
teleconference or meeting venueisomet by the affected jurisdiction. The host CVO of

the affected jurisdiction, in consultation with other PPG members, will prepare the written
report to the AHC and the NCI.

2 Appropriate epidemiological expertise should be included in the membership.
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Appendix 4 Information for the media on

bovine tuberculosis

Tuberculosis in cattle

e Australia has been internationally recognised as TB Free since 1997, with no evidence

of the disease since 2000.

e When a case is found, all suspect cattle or even the complete herd will belypromp
sent to slaughter.

e Bovine TB is caused by the bacteriudhycobacteriunbovis.In Australia, this
organism has rarely been found in species other than cattle and buffalo. Pigs were
infected when milk from tuberculous cattle was fed to them, but thiedtasccurred
for many years. Sheep and horses have a high natural immgagbacteriumavium

can cause TB lesions in pigs, and findings of this disease are investigated to exclude

bovine and human strains of TB from the diagnosis. Disease causé&dlbiywmis
unrelated to bovine TB in either cattle or pigs.

e The disease is currently recognised as being present in many countries. A few
countries have conducted successful programs to eradicate TB from cattle.

e A formal surveillance program for TB in catth the National Granuloma Submission
Programd operated in all major Australian abattoirs for many years and has been

foll owed by a program of careful scruti

e Infected animals are the main source of infectioandemic areas. Infection is usually

via respiratory inhalation of discharges from an infected animal. Infection by ingestion

of infected discharges can also occur.

o Cattle density is an important factor in spread, and infection in dairies was therefore
once a very common feature of the disease in Australia.

e TB in cattle results in longerm illness in infected animals, often with few clinical
signs.

e TB lesions are commonly found in the chest and associated lymph nodes but may be

spread throughout the bodwpd involve the liver and intestinal system.
e Lesions may range in size from pinpoint ta 30cm in diameter.

The eradication of bovine tuberculosis from Australia

e A formal Brucellosis and Tuberculosis Eradication Campaign (BTEC) commenced in

1970 aftemany years of efforts by each state and territory to control both bovine
brucellosis and TB.

e A decl aration of o6l mpending Free Area
1992, and a declaration of O6Free Area

0
0

ny

st
st

e Thesi ze and scope of BTEC provided a major

services. Eradication of TB (and brucellosis) is a major Australian achievement in
animal disease control. It resulted from the combined commitment of the Australian
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cattle industy, the seven state and territory governments and the Australian
Government.

e BTEC was implemented because of a belief by beef exporters that international
markets were at risk of nontariff barriers being imposed by international trading
partners. Both diseses led to decreased productivity of cattle and a risk to human
health.

e The northern pastoral areas of Australia presented special problems to the eradication
of bovine TB because of the harsh and varied environment in which cattle and buffalo
grazed.

e Inthese areas, a structured approach tproperty planning of disease programs was
developed, using guidelines to assist the state or territory animal disease control
authorities to develop OApproved Property
Tesing services and funding only became available after a realistic eradication
program was agreed to by both the owner and the disease control authority.

o Other important features of the campaign in these areas included the use of destocking
of all or part d a property. Sometimes only young cattle were segregated and retained
for testing and the older groups of cattle were sent to an abattoir for slaughter.

o Diagnosis of TB in cattle was primarily by use of the single intradermal tuberculin test
applied to tle caudal fold (the fold of skin between the head of the tail and the
rump/pelvis). The program was based on whole herd tests, or tests of identifiable
groups that were managed separately and kept separate from other animals. All
tuberculin test reactors wneslaughtered.

o Surveillance for evidence of TB Ippstmortemexamination of cattle sent to an
abattoir for slaughter was a critical element of TB eradication. Effective surveillance
requires the use of a tail tag identification system to identify tre difeorigin,
diligence by meat inspectors and a network of veterinary diagnostic laboratories that
can examine lesions for evidence of TB. Surveillance for TB continues based upon this
system.

o The total cost of BTEC is difficult to calculate but it is kothat the official
government and industry contributions were more than $1000 million. The costs
incurred by individual producers were also considerable, especially in the extensively
grazed areas.

e« BTEC was followed by the Tuberculosis Freedom Assur&nogram (TFAP), which
commenced on 1 January 1998 and operated until 31 December 2002, and TFAP2,
which operated during 2003006. These were primarily surveillance programs to
ensure that any resurgence of TB in Australian cattle was promptly and efffiectiv
eliminated.

Some common questions about mycobacteria
Question: Is there a human health risk arising from a case of bovine TB?

Answer: There is no significant risk. Muscle tissue, which is consumed as meat by people,
is not affected by bovine TB. Whewvidence of a case is detected, the affected carcase is
condemned as unsuitable for human consumption if there is any evidence of spread
throughout the animal. The affected property is immediately quarantined and all recent
movements off the property araced. Extensive testing and removal for slaughter, and
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intensive abattoir inspection of potentially infected animals, ensure that the likelihood of
meat from an infected animal reaching the consumer is negligible.

Question: Is there any relationship bedwn TB in cattle (caused Bjycobacteriunbovig
and TB in humans (caused Mycobacteriumuberculosi¥?

Answer: Each of theserganisms can affect both cattle and humans. Early programs to
eradicate TB from cattle were a response to concern over tiséetran TB from cattle to
humans via milk. However, the rarity of infection in Australian cattle means that there is
now negligible risk to humans from TB in cattle.

Question: What are mycobacteria?
Answer:
e Mycobacteria are a large group of bacteria #matcommon in the environment and in
animals.
e Most mycobacteria are harmless and do not cause disease.
e A small number cause specific diseases, including:
i Mycobacteriunbovisd causes TB in cattle
i Mycobacteriuntuberculosisd causes TB in humans
i Mycobacteium paratuberculosi§ causes Johnebdés disease ir

i Mycobacteriumaviumd causes TB in pigs and birds.

Mycobacteriunbovis:
¢ is the bacterium that causes bovine TB

e grows in many tissues, including lung and lymph glands associated witratespir
and gut tissue

e is shed in large numbers via exhaled air, sputum, faeces, and milk in advanced cases

e has limited survival in the environment; in moist sheltered sites, it seldom survives for
more than 4 weeks.

Question: How is M. bovisdetected?

Answer: There are three ways to differentiate between the types of mycobacteria that may

be isolated from an animal:

e grow the mycobacteriand idenify the particular mycobacteri® species level using
conventional biocheMibouiA|l vtkbsts (see O6Grow

e undertake polymerase chain reacti®lCR) testing to detedd. bovisDNA directly in
tissue samples and culture products (see

e DNA fingerprint confirmedM. tuberculosiscomplex isolates using spoligotyping,
RFLP and/or VNTR typing.
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Growing M. bovis

Mycobacteria are grown in a laboratory from specimens taken from infected animals.
There are difficulties with this method because it may take several months to get a result
and the test must be done using speuethodsM. bovisis identified by its growth
characteristics and by its genetic (DNA) make

Testing for specific genetic material
e Polymerase chain reaction (PCR) tests can detect minute amounts of sections of
genetic material (DNA) that are uniqueparticularorganisms:

i multiplex PCR can differentiaté. tuberculosiscomplex,M. avium/
M. paratuberculosindM. intracellulare species from other mycobacteria

i M. tuberculosicomplexmultiplex PCR can differentiatd. bovisfrom other
M. tuberculosiscomplex organisms.

PCR is a very useful test to confirm the identity of bacteria in laboratory cultures and may
prove useful for direct testing of infected tissues.
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Appendix 5 Retesting with the

Comparative Cervical Test

The mmparativecervicalintradernal tuberculintest(CCT) is anofficial test when
performed by an Approved Person and carried out using the test procestuiatk
below.

Where a retest of cattle with araparativecervical ntradermakuberculin est is deemed
necessary the retest may be performed not less than 60 days (and preferably 90 days) after
theprevious tuberculin test

The animal must be kept isolated until the retest is completed. While the positive
predictive vale of reactors to thgngle intradermakaudalfold tuberculintest will be

very low incattlewhere tuberculosis is unlikely to exist, the reactor must be treated as
suspect de to the tuberculin reaction.

Equipment

e Syringes

As for thesingle intradermalaudalfold test,a single or multdose syringe with
the means of accakly dispensing 0.1ml of tuberculin is required. Tafferent
syringes must b&lentified and eachsedonly for one typeof tuberculin.

e Needles

As for the single intradermal caudal fold test, agalgeneedleor fineris
required. Theinsheathe portion of the needihen attached to the syringe
required tdbe no less than 2mm and no more than 5mm in length.

e Tuberculin

e bovine tuberculirpurified proteinderivative PPD at a potency of 1mg/ml and
avian tuberculin PPD at a potency of 25001U/iihle. CSL Tuberculin PPD
(bovine) 1mg/ml; CSTuberculinPPD (avian).

e Electric clippers or curved scissors
e Skin callipers 1 of approved design
e Ruleri calibrated in centimetres and millimetres.

e Record sheets

Method

The injection sites should be in a line in frontaod parallel with the line of the shoulder

The upper site, used only for the avian tuberculin, should be at leasb&lmnthe crest

of the neck. The lower site, used only for the bovine tuberculin, should be not less than 19
cm from the upper site.

For young cattle, in which the two sitegnnot be separated sufficiently, an injection
should be made on each side of the neck at an equivalent site.
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The selected site is clipped and cleaned. A fold of skin within the clippedsdeda@n up
between the finger and thumb and measured togheest millimetreysingcallipers,
beforeinjection. The measurements are recorded. The Intradermal injection is made in a
similar manner to the singletradermalcaudal fold test. If a bleb is not raised then a

further injection is madpreferablyon the other side of the neck and at a similar site.

Reading and interpretation

The test is read byicking up the skin fold so that the swelling or injection site is at the
apex. The thickness te fold is then measured to the nearest millimetre with callipers
and recorded. It is important that the nature of the swelling is noted apoktemcef
even a minimum amount of either diffuse of discrete oedema is considered as highly
significant. The result of the test is interpreted according to thes set down.

Reactor
A reactor is a animal showin@ visible or palpable swellingt@heinjection sites, which
when measured is interpeetas positive or suspect on referenceiguirel andFigure2

below (Australian Animal Health Council Ltd;FAP2 Standard Definitions and Rules
2003)

Standard Interpretation (Figure 1)
a) To be usd as the normal interpretation.

b) Used for Herds where the history is not suggestive of Tuberculosis or Herds with a
nonspecific sensitisation.

Severe Interpretation (Figure 2)
a) To be used only on the instruction of the CVO.

b) May be used for Herds with a recent history of Tuberculosis or with an inadequate
history.
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Figure 1 Standard Interpretation of the Comparative Cervical Intradermal Tuberculin Test
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Figure 2 Severe Interpretation of the @mparative Cervical Intradermal Tuberculin Test
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