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ABSTRACT

The application of present day electronic and computer technolcgies will be a
glant step towards the modernization ¢f animal disease control programs. Pas-
sive remote electronic animal identification and temperature monitoring; anti-
body detection and single cell analysis techniqures for the detection of infected
animals are discussed. Accurate and complete records for epidemiology and for
maintaining administretive control over infected herds are made possible by
large computer systems. Early and sersirive disease detection with accurate and
complete animal identification for traceback are both necessary for discase con-
trol. The integration of thase techniques into an international animal disease
control system 1is pestulated.

INTRODUCTION

As the world demands more optimum use of energy in food production, the applica-
tion of present day scientific technology to 30lving agricultural problems will
be necessary. With optimum use of the world’s energy resources as a prime con-
cern, the conservation of energy in food production is paramount. Efficient
food production will be measured not only :n optimizing protein for animal and
human consumption, but will also be measured in terms of decreased energy re-—
quirements.ll One area of coaservation that can be improved is that of disease
control in animals. New methods for disease prediction, detection, and forecast
need to be developed.

After a diseased animal is detected, its herd of origin and the source of the
disecase nust be determined so that corvective disease control and eradication
procedures may be initiated. To determine their herds of origin, animal popu-
lations must be identified. Computer technologies must be applied to manage
the extensive records that will be necessarv for traceback through commerce to
herd of origin. Electronic techrology offers long-sought solutions for disease
detection and epidemiology problems.

APPLICATION OF REMOTE ELECTRONIC IDENTIFICATION AND TEMPERATURE MONITORING

To define uses of the remote, passive electronic identification and temperature

uonitoring system, we must assume conpletion of current developmental activity,
Acceptance by the livestock industry of the need for implanted identifiers, and
their subsequent use in domestic animals (Fig. 1). We have also assumed that a
network of large computers can be developed to manage the large amount of data

that will be penerated.



The resote te=pereture sensing capablility provides animal health monitoring
carability in all phcses of the livestock iadustry. Although animal temperature
fluctuations can be =casured when individual znimals are menitored,l0 small
changes in the average :erperature of a large animal populztion may give an in-
dication o a phvsioclczical change associated with digease. Initial temperature
profile research at the United States De.artment of Agriculture's (PIADC) Animal
Disease Center in leong island, llew York.’ showed the potential of using animal
tezperature histories in the remote detection of foot and mouth disecasn in deer
and cattle. Others hive recorced the temperature changns that are assocfated
with changes in feccding =octabolism or dairy production. The altered metabolic
or physioclogical sctivity that is associated with ovulation, parturition, and
other dist:rbances are reflccted to some extent in the temperature history of
the animal.

The advent of re-oze, zassive temporaturc monitoring ir domestic animals re-
quires a new effort to Zafine exact relationships between physiology and body
teperatures. Thes® studies are underway.lc but much more information ia
nesded.

The potenzial of the :ze-perature ronitoring is summarized in the following
paragraphs:

Metabdolisa - In cattle and swine, adequate intake of nutrients prcvides for
physiological stability in the absence of disease. Prudent use of plant protein
in producing -eat and dairy products will become more and more critical, and the
genetically aefiicient »roduction animal must be fed exactingly to produce the
end produ:t with optizum consumption of plant protein. Temperaturc monitoring
and information fron o:lier sources vwill provide dnta for computer dispensing of
feed and =edication. Data fron nilk analyses and weight gain performances,
correlated with tenpsvature zonitoring, can provide s high degree of automation
with maximun efficiency.

Disease Detection -~ Anizal diseases cause reductions in production efficiency.
Often, early disease detection can minimize the effort that is necessary for
control of the diseasa. liany animal dir2ases cause specific perturbations in
tenperature histories. These perturbations are related to the multiplication
of the infectious organisa, and in some instances, can be used for dstermining
the type of organis=. The early detection of disease with the subsequent iso-
lation and treatment of suspect aninmals could result in both large savings to
tne livestock producers and a more efficient operation. Other recent advances
in disease detection will be discussed in following paragraphs.

Other authors have written about the need for a passive (no batteries) subdermal,
rezote identifiication and temperature monitoring system for che livestock
industry.3 Its uses i{a the livestock industry have been logically projected.‘
Now, we must assune that the device is a reality and speculate on its use by

the livestock industr:.

The systen can ba used extensively in commerce. In the livestock markets, an
animal can be immediately identified upon reaching the facility. The auimal's
identification nurmber could be transmit:ed to a large romputer center, and ver-
ification of ownership could be obtained. If the animal were moved from an in-
fectad herd, proper disease control procedures could be fuitiated.

The aninal's temperature could be recorded, and if it were excessive, the animal
coul:' be isolated and its cause determined. All animals could be screened using



wozvee 1abeled antidods (LLA) teat chat we discuss iazer., Coviale discenod

e
nirals could Ye fsolazed and conaigned to slaughtcr-ar.; statun. I{ the ant-
22l 13 dgtorrined to be froe of disease, (s sale could proceed normally.

f&n

A small compater weelld necessacily be a part of this svaten. This corputer
could be used to aurzrate rany of the market operations. Sales transactions,
aniral welights, seller infornmation, market commissions and buyer information
couzld all be hanzlel by this computer for a rapid and efficieant operation.

The resuliing carket data could be transmitied to a large computer facility.
There it would be sumr-arized and indexed to provide infor=ation to sgen:ien

and individuals in neel of the informarfon. Thesc datn could be used to predict
or forecast the world food supply.

The identificaticn and temperature monitoring systems may eventunlly be devel-
opead into three basiz configurations: 1) simple hand-held models, 2) a shoulder-
harness or back pack rodel, and 3) permanently mounted rodels. The hand-held
rolels would be used by individuals to identify animals vhile “he

parTanently Tounted nolels would ba interfaced to a compizer and be capable of
transzitting data to a large computer center. The latter would be used in

larger operations. The portion of these instruments the: {s used cto interro-
gate the implanted transponder into audio, visual, or clectronic data is called
thae inzerrogazor/receiver, or more concisely, the interrozator.

KEend~=ald Model

The xizple hund-hald form of the interrogator would be baztevy powersd and

sell-contained. This interrogator would provide either audic or viwual indica-
ticn of the anizal's ocwnership. An optional addition to the instrument would
be a digital display of antirals' temperatures. Thess units would be coded to
an individual herd ouner's herd idantification number.

Baczx Pack Model

4-

A portable but rore complex system wirh permanent deta recording capabilicy
could ba deosignad. The systen would be battery poverad and carrind on the
oparator's back, sizilar to a back pack. This unit would be used for recording
Individual anizal terperaturs and identificution. The Zata would be recorded
on & Tagretic tape for subsejuent transmission to a comp:ter for analysis.

Per:anantlv-rounted ‘indel

The =aicr uses for electronic identification will be fourd in permanent {nstall-
aticns. Thase systers can be used to control feaed mixtures and medication to
individual anizals, open and close gazes (Fig. «), and assign weight and per-
formance irnformation to the proper animal. The use of these systems in live-
stock narkerts has been discussed previously.

These systens can be used to monitor animals as they enter a slaughter plant.
The aniral {dentification number will allow traceback to the animal's herd of
origin. This information is axtremely important if the animal 1s found to be
diseased and disease contral procedures are initiated.

Rapid, whole blood disease screening maethcds such as ELA can be used to further
insure the wholesomeness of the final meat product. If an animal 1is found to
be diseased, it 1s irmportant that the animnl be identified for subsequent
traceback to the herd of origin.



we expect that these identification systems will be used first /n the 1 bora-
tories ond then later will be implemented to automate dairy operations., As
they are successful in the ahove applications their acceptaace hy the livestock
industry should lLecome more wide spread.

OTHER "{E/HODS OF DISEASE DETECTION

Enzyne-Labeled Antibody (ElA) System

A recent cooperative development by the USDA - inimal and Plant Health Inspec-
tion Service (AP1IS) and by the Enexgy Recearch and Development Adminiscration'
Los Alanos Scientific Laboratory (LASL) is the ELA test (Fig. 3). This test

is being developed for the detection of viral, bacterial, parasitic, and tuxin
antibodies.8.9 The test is simplc and is eraily automated, and will allow for
screaning single whole blood samples for several diseases. The current test
procedure requi.2s 20 to 30 minutas to complete. Up to 96 tests can be done
at a tinme. It ix expected that further developmert of che ELA test will aliow
for razid disease screening on ranches, in markets, in slaughter plants
(abattoirs), and in laboratories.

The autonated FLA system will be computer compatibie. Input samples and output
results will be corrrlated by the system with the test results. These results
tan also he stored or a magnetic tape for subsequeat transmission to a large
conputer center. These data can then be indexed and fiied for computer analy-
sas. These data can be usad for disecass contri:l programs and for livestock
prediction and forecast.

Single Cell Analysis

Investigations are currently being made to determine the effects of antigens

on cell systens.“'® These include the use of the Flow Microfluorometer (FMF)
Systen et the LASL (Fig. 4). Cells are stained wich specific fluorescent dyes
to indicate a particular cellular property such as DNA, RNA, antigens or anti-
bodies. These celis are passed through a laser bean to excite the flurcescence
and the anount of fluoreacence is mcasured electro-optically. The FMF can be
used to categorize up .o 50,000 single cells per minute. This instrument is
being used in the deternination of the effects of disease on ce¢lls as a func-
tion of virulence and to study cell mediated immunity systems.

The latter studies are directed towards a rapid system of determiniig the pre-
iznune effects of diseage that is evident in cells during the "incubation
stages.” Certain cellular components of the leucocytic (WBC) series of cells
perforn the function of antibody production. These antibodies can be detected
during later stages of the disease using suck methods as the ELA test.

Usually at this later stage of the disease, the animal will have infected sev-~
eral other animal>» with the disease. The object of these studies is to detect
the disease during the "incubation stage" and minimize the probability that
the disease is transmitted to other animals.

Diseases such as tuberculosis, which are generally undetectable by current

laboratory methods, are of primary concern. Eventually these studies will

expand to many important animal diseases, adding a valuable tool to disease
control programs.



CONCLUSION

The develeoprent and widesoraad use of an accurate passive livestock identifica-
tion and terpevature —onitoring system Is the key to the control and subsequent

era

dication of animal diseases (Fig. 5). This wlll lead to more efficient food

production. With the systems that we have discussed, the livestock industry
will be able to bettar optinize the prcduction of animal proteir.

There is an fzportant balance tetween plant foods for animal and human consump-
tion, animal products and by-products, world human population dynamics, and
political and international economic considerations (Fig. 6). All available
technology should be used to maintain this delicate balance. New disease de-
tection nethods, remote clectronic identification and temperature monitoring,
and space-age plant-crop assessnment, offers che meana for maintaining this
delicate balance. Further application of scientific technology to agricultural
problems is needad.
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FIGURE CAPTIONS

This photo shows the implantable temperaturve monitorins transponder
Yefore and afrar encapsulation.

The passive identification system is telng used to automacically
sort cattle.

“he various steps used in the ELA test are shown and discussed.
“he principle of the Flow Microfluorometry saystem 1s shown.

The animal identification and dimease detection systems are shown as
ther may be used in disease control programs.

*he interaction of food ard energy supplies are shown.
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THE ELA TEST
Tue eNZYME-LABELED ANTIBODY (ELA) T&ST wAS DEVELOPER TO DETECT DISEASE BY OBSERVING THE
PRESENCE OF THEIR ANTIBODIES IN BLOOD. THE METHOD IS SENSITIVE, FAST, INEXPENSIVE, AND SUITABLE

FOR DETECTING MANY DIFFERENT DISEASES IN HUMANS AND ANIMALS. THE TEST IS ILLUSTRATED BELOW
FOR ONE DISEASE.

0 O 4 O

4] \‘7% 8 & o) o) 362
J—F—0—8—55—68—08
)

WASH ADD CONJUGATE(Z) WASH ADD SUBSTRATE(s) STOP READ(Q)
AND INCURBATE AND INCUBATE REACTION

ADD SAMPLE

1. Twe DROPS OF WHOLE BLOOD OR SERUM ARE ADDED TO AN ANTIGEN-COATED MICROTITER WELL.

2, IHE GONJUGATE 1S A MATERIAL THAT WILL ADHERE TO AN ANTIGEN~ANTIBODY COMPLEX AND HAS
TAG™ OF AN ENZYME ASSOCIATED WITH 1T,

3. THE SUBSTRATE 1S A MATERIAL THAT UNDERGOES A COLOR CHANGE IN THE PRESENCE OF THE ENZYME.

4, NEGATIVE = CLEAREST LIQUID
POSITIVE = DARKER LIQUID

THE PROCESSING CAN “E DONE i% LESS THAN 30 MINUTES AT A COST OF A FEW CENTS PER TEST.
ONLY MINOR CHANGES IN REAGENTS OR CONDITIONS ARE REQUIRED FOR DIFFERENT DISEASES OR DIFFERENT
SPECIES. AUTOMATION OF THE PROCESSING IS UNDERWAY.
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