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ABSTRACT

This study explores the feasibility of adopting benefit
analysis to measure federal meat inspection's contribution
in preventing major tramsmissions of tuberculosis, tapeworms,-
and septicemia (or related diseases caused by Escherichia coli)
in the human population. The range of resulting benefit
estimates was substantial, and the fragmentary character of the
data provided an explanation. More accurate data are required
for estimating how much human disease would be caused if diseased
cattle/poultry entered the human food chain in the absence of
federal inspection. Specifically, we need to pinpoint the
respective probabilities that infections spread from animals to
humans : through aercsol routes; skin penetrations; cross—
contamination of foods and/or consumption.

The results of this study are highly speculative and more
research is needed to clarify and quantify the animal/human
disease linkage before full cost/benefit analysis can be
applied.

KEYWORDS: Federal meat inspection, Federal poultry inspection,
benefit estimates, regulation



BENEFIT ANALYSIS OF SELECTED SLAUGHTERHOUSE
MEAT INSPECTION PRACTICES

Tanya Roberts

Assessments of the performance of the Federal meat inspec-
tion system have been conducted since its 1906 inception. Few

have attempted to evaluate the benefits flowing from inspection
activities in order to compare thelr valuve with program main-
tenance costs. Furthermore, previous evaluation studies have
pald scant attention to changes in health risks associated with
today's technologically advanced agricultural production and
food processing systems.

This research explores the feasibility of adopting benefit
analysis to measure federal meat inspection's contribution in
preventing animal diseases (of bacterial, viral and parasitic
origin) and toxic conditions from being transmitted to humans.

As the slaughterhouse inspection of carcasses receives the majority
of the meat and poultry inspection budget, this inspection stage

is examined. Benefits from other inspection functions, such as
processing inspection and labeling of meat and poultry products

are not evaluated. Furthermore, included in the estimation pro-
cedures are only three of those conditions for which carcasses

are inspected: tuberculosis, tapeworms, and septicemia. Other
heaith protection benefits are not included because of the diffi-
culty of determining the incidence of human illness that would
oceur in the absence of such inspections. The omission of these
other areas of benefit will thus cause the figures to underestimate
the total benefits of the inspection program.
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SECTION I. THE ECONOMICS OF MEAT AND POULTRY INSPECTION

Why is the government involved in health protection programs
such as meat inspection? Compare the purchase of a pound of
hamburger to the purchase of a chair., Not only can ome visually
determine the chair's sturdiness, one also can sit on it before
purchase. If the chair should break at home and cause harm, you
have a clear causal link and clear evidence (i.e. the pieces of
chair) to show the retailer, and if necessary, the courts. In
contrast, a visual examination of the pound of hamburger in the
supermarket only reveals discoloration and gross spoilage-—both
of which might be disguised by the addition of food coloring
and deodorizers. Contamination by microorganisms, chemicals,
antibiotics and/or hormones potentially harmful to humans cannot
be seen with the naked eye. Furthermore, the causal link of
consumption of or contact with the meat to human disease cannot
be established most of the time——you have eaten the evidence.
There may be a long time lag before the disease symptoms occur,
and the meat connection does not occur to you. Miny diseases are
transmitted by a variety of sources, and the same symptoms may
indicate several possible conditions (for example, brucellosis
causes fatigue which could be attributed to many causes). "By
the time one has been diagnosed as tubercular, it will be impos-
sible to know from what source the disease was contracted, much
less to be able to present evidence in a law court. The evidence
is destroyed with the eating, and only rarely can it be used to
point to the source of infection™ [169, p. 112] 1/, and consumers
cannot buy information on the healthfulness of products=—the
cost is prohibitively expensive. The laboratory tests for just
20 toxic chemicals that could contaminate a pound of hamburger
would cost $625. [133, p. 209]. Thus, perishable foods present
a chronic and poteﬁf?él danger to human health, amplified by the
magnitude of consumption. For example, meat and poultry products
are consumed at a rate of over 220 pounds retail weight per person
annually.

Human 1llnesses from contaminated foods invelve both medi-
cal costs and ilncome losses. Mre doctors, nurses, medical
technicians, treatment facilities, and equipment need to be
added to existing stocks to handle large outbreaks of disease.
The value of the output of goods and services that would have
been produced by the afflicted persons for the duration of their
{llnesses must be included in the economic cost. Consequently,
the size of the economic loss depends both on the incidence and
the extent of the affliction caused by the unsafe meat or poultry
product.

Both medical costs and wages lost are direct costs (imposed

on the person consuming the meat or poultry) that can be monetized;
however, three other categories of costs are not included in this

analysis (figure 1): (1) direct costs that cannot

ij Numbers in brackets refer to sources listed in the references.
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be monetized, such as the pain and suffering of the sick person;
(2) indirect costs (imposed on others) that can be monetized, such
as replacement of homemaker and child care services previously
provided by the person who is hospitalized or dead; (3) indirect
costs that cannot be monetized, such as the pain and anguish of
the sick person's family.

Because the healthfulness or contamination of meat and poultry
products cannot be readily determined, there is an incentive to
compromise product quality to cut costs. Adding consumer protec—
tion features to a product (for example, visual and/or laboratory
examination for disease, better refrigeration, or disposal of
slightly spoiled products) adds to the cost of production. Firms
under perfect competition have no little or no incentive to add
such features, particularly since many animals lack identifying
marks; the meat is frequently rehandled (see figure 2) and is
sold under a generic name as it moves through the marketing
system. Such loss of identity, which impedes tracing a product
back to the origin of a hazard, can protect an offending firm from
detection and involvement in civil suits and payment of claims.
Furthermore, consumers cannot readily determine the healthfulness
of the product at a point of purchase, but only after great
analytical expense. This creates a demand for product safety
information to be supplied inexpensively by some reputable
organization such as the government.

Figure 3 illustrates the relationship between the total cost
function for more intensive inspection of a given quantity of
meat or poultry products and the total benefit function to soclety
from the resulting reduction in health hazards. Mnimal inspection
might consist of nothing more than observation of the product for
changes in color or smell indicating decomposition. But procedures
for detecting more difficult-to-find hazards, such as chemical
residues or microscopic evidence of disease, would add considerably
to costs. As the inspection program attempts to find and remove more
health risks, the cost function would increase astronomically.

Total benefits increase with the level of inspection because
human disease contracted from meat and poultry declines. But if the
most important health risks are detected and removed first, then
the benefit function will have a diminishing slope. This indicates
that the incremental benefits are declining as the inspection effort
increases.

Although figure 3 indicates that total benefits and costs are
equal at the q; level of inspection service provided, this is not
the optimum level of use for inspection resources. The optimum
vel q; is where the incremental gain in benefit equals the incremen-
tal increase in cost. (The equality between incremental benefits and
Tncremental costs 1s shown by the slopes of the two curves; note that
at q; the slopes are equal (tangents to the curves are parallel; the
slopes, dB and dC, are equal). The use of resources greater than q)

dI d1
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FIGURE 3: TOTAL BENEFIT AND TOTAL COST FUNCTIONS,
BY LEVEL OF INSPECTION INTENSITY AND THE
RESULTING HAZARD TO HUMAN HEALTH
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would increase costs more than benefits. A reduction in inspection
service below q; would reduce benefits more than costs. Conse-
quently, the optimal use of inspection resources does not eliminate
all risks from consumption of this quantity of meat products.

Our purpose 1s to determine whether total benefits of some
inspection are likely to be greater than total costs (shown as
the possible points between O to qp in figure 3) or less than
total costs (the area beyond qp). Further research could attempt
to define where q), the social optimum, i1s for the meat and poultry
inspection program as a whole and for its program components.

Inspection does not have to be a Federal Government function.
Inspection could be carried ocut by the producing groups (private

induatry), religious groups, or even cooperatives, that own and
control all the processes from the farm to the retail level.
However, there are at least two advantages to a Federal effort.
First, Government has the police powers required to enforce
minimum standards. Under rigorous enforcement, no single firm
has the incentive to lower standards and save costs by selling
less safe meat and poultry products. Second, a Government-
sponsored system may instill more confidence that the public
interest is being protected than would a privately-controlled
one, Consequently, the demand for meat will be greater than
without Federal inspection. (Consider a baseball league where
the umpire is paid by the team and not by the league.)

However, a Government—operated system does present problems.
No yardstick exists for measuring performance in terms of effi-
clency, equity, enforcement and progressiveness, over time.
This problem of evaluating performance also occurs with pri-
vate inspection, but survival of the firm does indicate it is
doing something right.

The number of meat and poultry plants currently inspected
is eight times the number in 1910, while the inspection workforce
is only four times the 1910 size {table l). In constant dollars,
the inspection budget 1s 12 times the 191C budget. From 1974 to
1979, plants inspected increased by l4 percent; pounds of meat
and poultry inspected at slaughter increased 4 percent, while
inspection at the processing level increased 33 percent (figure
3). Yet the 4l-percent budget increase was not enough to cover
inflation, and the budget measured in constant dollars fell by 5
percent, Glven the increasing tasks to be performed, the pressure
to increase the budget likely will continue. But, the cost
effectiveness of the inspection system is ilmportant to a public
concerned about the size of government expenditures and inflation.
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SECTION II. THE CONTEXT OF THE U.S. MEAT AND
POULTRY INSPECTION PROGRAM

Close to the beginning of this century, a Federal regulatory
agency was established to set minimum standards of safety and
wholesomeness for meat animals, processing methods, and products
and to require all firms engaging in interstate commerce to adhere
to the Federal standards. State and local officials also enforce
similar rules during their inspections., Violations can result
in condemnation of the product, or closure of operations. Federal
inspection costs are almost exclusively paid from general tax
revenues.,

Location of Inspection Point

In establishing an inspection program, the government had a
choice of locations between the farm and final point of sale
(figure 2). The point of final consumption, as discussed, is a
very expensive place to inspect. The beginning of the process,
the farm, is also difficult because there are hundreds of thousands
of farms, Also, many animal diseases are not evident to the naked
eye in a live animal and only become obvicus when the animal is
butchered. (Although new and inexpensive dlagnostic tests being
developed could change the relative costs and make it possible
to test live animals.) Inspectors stationed at the slaughterhouses
have the advantage of being able to observe the live animal as
well as the intact carcass with lymph nodes and internal organs
attached which are often more likely to show signs of infectious
disease than the meat itself.

Accurately estimating the impact of federal inspection on a
specific human disease was more difficult and tenuous than I
imagined. The complexity of the cattle production, merchandising,
processing and retalling system permits numerous contact points
between humans and live animals and humans and the animal carcass
{figure 4). The potential for human illness can occur at any of
these points and not just at the point of final consumption.

There are six major ways human illness can come from cattle
{table 2). Each of these six pathways is diverse and the examples

are not exhaustive:

1. Direct contact with the live animal such as a bite or
touching a part of the animal.

2. Indirect contact with the live animal. Ome of the most
important is aerosol contamination through breathing or skin contact
with organisms floating in the air. Then there is contamination
of the animal's general enviromment--barn, pasture, gates, etc.

3, Direct contamination by the carcass such as penetration
of the slaughterhouse workers’ skin by pathogens or entry through
cuts and knicks in the skin,

4. Indirect contamination by the carcass such as aerosol
contamination while the carcass is cut up thereby releasing

pathogens into the air or contact with knives.
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TABLE 2: PATHWAYS OF HUMAN EXPOSURE TO ANIMAL DISEASES

Direct contact with live animal

[+

o

Animal bite

Contact with the skin, fur, tail, etc. and micro-
organisms found there

Indirect contact with the live animal

(o]

Aerosol contamination of the barn and air system (e.g.
leglionnaire's disease)

Contamination of the walls, floor, gates, etc.
Animal refuse (manure)
Flies or fleas biting the infected animal and then

biting humans and transmitting disease (malaria,
bubonic plague)

Direct contamination by the carcass

o}

Some organisms penetrate the skin of personnel handling
meat (Bovine Leukemia Virus, Toxoplasmosis)

Entry of organisms through cuts and knicks on the hand
of slaughterhouse or processing plant workers

Indirect contamination by the carcass

o

Aerosol contamination when the carcass is cut up and/or
slapped on the counter, thereby releasing pathogens

Contact with knives, wiping cloths, sinks, etc., where
pathogens have been deposited

Cross contamination of other edible products

0

o]

o

Carcass contaminating other carcasses in the slaughterhouse
Meat products in the processing plant

Other raw or cooked foods in the kitchen or a private
home or commercial feeding establishment

Consumption of meat and meat products
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5. Cross-contamination of other edible products in the
slaughterhouse, processing plant, retail stores, or kitchens in
eating establishments and homes which then causes human illness
when eaten.

6. Consumption of the original diseased meat.

Many federal meat inspection requirements are aimed at
minimizing these types of contamination at least for peints 3, 4
and 6, and somewhat for point 5. To the extent the condemnations
of diseased animals and removal from the human food chain
provides an economic incentive to exert better control on the
farm, the number of diseased live animals would be reduced thereby
reducing human illness contracted from live animals. However,
there are other control mechanisms at work too, such as state
sanitation inspection of grocery stores and butcheries, firm's
quality control programs, and on-farm inspection by USDA~APHIS
(Animal and Plant Health Inspection Program).

To determine actual program benefits we must examine the
major components of the meat and poultry inspection program, the
data available about the program, its statutory and administra-
tive history, the scientific literature on the types of human
health hazards that might occur in meat and poultry products, and
the context of today's meat and poultry production and marketing
system. The legislative history consistently reveals that human
health protection, or at a minimum maintaining public confidence
in the healthfulness of meat, was the purpose of the program.

Historical Background

During the late nineteenth century, meat inspection was
conducted by some city health departments. Slaughterhouses, like
the Union Stockyards in Chicago, occasionally hired inspectors of
their own. However, foreign countries considered these precautions
inadequate. In 1879, Italy stopped importing U.S. pork products
because of the fear of trichinosis, a parasite transmitted by
eating or handling raw or rare pork. Hungary, Spain, Germany,
France, Romania, Greece, and Denmark followed, and the value of
U.S. meat exports fell by 40 percent annually [142, 1906 issue,

p. 69; 135, p. 8884]. The U.S. Congress responded in 1890 and

1891 by providing for official U.S. Government inspection of salted
pork and bacon when required. by an importing country or whenever
any purchaser, seller, or exporter requested inspection. 2/ This
inspection occurred primarily in the packing plant.

The demand by packinghouses for inspection services generally
exceeded expectations., Consequently, the U.S., Department of
Agriculture (USDA) requested that the Congress appropriate enough
money to extend inspection to all applicants. Secretary of
Agriculture, Jeremiah Rusk, asked for the authority to establish

4/ Act oI August 30, 1890 and Act of March 3, 1891.
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an inspection system to “cover all animals slaughtered for human
food in order to protect American consumers as well"™ [142, 1906
issue, p. 76].

The Congress acted on this request in 1906, largely because
of conditions exposed by Upton Sinclair's book, The Jungle. 3/
Sinclair had portrayed the Chicago stockyards as unsanitary, .
rodent-infested places where dead cattle were secretly butchered
at night and sausages were composed of unsavory and harmful ingre-
dients. In a hasty move to correct this situation, the Congress
added a meat inspection amendment to the annual Agricultural
Appropriation Bill. The 1906 act required the Federal inspection
of all meat crossing State lines; the first inspection was to be
conducted in the slaughterhouse, with subsequent inspections any
time the meat was further processed or sold to another company.

Federal poultry inspection began as a voluntary program on an
ad hoc basis and was formalized under the authority of the 1946
Agricultural Marketing Act. However, the expansion of the poultry
industry (from 1 million broilers raised annually in the thirties
to over 1 billion in 1957) and new sclentific knowledge about the
communicability of poultry diseases to workers were the principal
factors leading to the 1957 Poultry Products Inspection Act. 4/
This act mandated the Federal inspection of every poultry carcass
that crossed State lines.

Motivated by its desire to lower costs, in 1962 the House
Appropriations Committee required the Secretary of Agriculture to
survey all State inspection programs. It was thought that USDA
could simply certify State inspectlion programs and thereby save
Federal inspection dollars. At that time, however, only 26 States
required inspection at the slaughterhouse [132]. A patchwork of
inconsistent and conflicting State standards and inspection
practices, highlighted by the USDA survey, led the Congress to
mandate that State inspection efforts be upgraded to match or
equal those at the Federal level. Federal funding was made
available to pay for half the State inspection costs., States
were also glven the option of transferring their entire meat and

J7 Sinclair’s book was published in February 1906 after being
serialized in a socialist magazine, The Appeal to Reason, which
supported him during the 7 weeks he spent in Chicago gathering
material. The act (Public Law No.382) was passed as a rider to
the Agricultural Appropriation Bill (39 Stat. 669) and was signed
on June 30, 1906, the day on which the Food and Drug Act (34 Stat.
768) was signed. The meat inspection program was made permanent
by the Act of March 4, 1907 (34 Stat. 1260).

4/ Act of August 28, 1957 (70 Stat. 441). Some diseases men-
tioned during the congressional debate were staphylococcosis,
streptococcosls, salmonellosis, psittacosis, Newcastle disease,
erysipelas, and skin rashes [140, pp. 125 and 34].
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poultry inspection programs over to the Federal Government. This
resulted in a saving to the States, but greater expenditures from
the Federal budget. The new regulations were enacted in two
parts-—the 1967 Wholesome Meat Act and the 1968 Wholesome Poultry
Products Act. 5/

Thus, current Federal meat and poultry inspection programs
grew out of concern by consumers here and abroad about the
healthfulness of U.S. meat. The Federal program was expanded
whenever inadequacies were uncovered in industry inspection
systems or in State inspection programs. Today, exemptions from
Federal and/or State inspection are few--small poultry plants,
specific custom slaughter operations, and farm—slaughtered
animals. Virtually all the Nation's commercial meat and poultry
supply is subject to inspection.

Program Costs and Functions

 The acts require that all carcasses and all meat products be
inspected. éj The interpretation, as reflected in the procedures,
emphasizes inspection at the slaughterhouse. Such inspection
directly accounts for 55 percent of the Federal inspection
budget (figure 6). Consequently, I have focused on human disease
prevention at the slaughterhouse level.

USDA's Food Safety and Inspection Service (FSIS) conducts
labor-intensive examinations of each carcass and its internal
organs, paying particular attention to the condition of the
lymph nodes-—important indicators that an infectious disease may
be present. If the lymph nodes are normal and there is no other
visual evidence of disease, the animal is considered suitable
for human consumption.

In the early years of meat inspection, 7/ 0.4 percent of all
whole carcasses were condemned and an additional 1.7 percent had
parts trimmed away. By 1977, the conditions under which animals
were raised, slaughtered, and processed had changed substantially.
Yet, 0.7 percent of whole carcasses were condemned, and 8.7 per-
cent of the carcasses had parts trimmed away [lﬁg, 1908-1911
issues; 148, 1977 issue, pp. 1 and 3).

57 Act of December 15, 1967 (81 Stat. 584) and Act of August 18,
1968 (82 Stat. 791).

6/ The 1906 Act provided for mandatory inspection of carcasses
after slaughter to assure they were "sound, healthful, wholesome
and fit for human food.” Inspection of meat products was to
assure they were "sound, healthful and wholesome and “contaln no
dyes, chemicals, preservatives, or ingredients which render such
meat or meat food products unsound, unhealthful, unwholesome, or
unfit for human food.”

7/ The years averaged were 1908, 1909, 1910, and 1911.
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FIGURE S: MEAT AND POULTRY INSPECTION .
BUDGET BY PROGRAM, FY 18978

Gronts to States (11.20)

Lab Services (4,8%) Processing (23, 3%)

Compliance (2%)
Expor‘t/ Import (1. 60

Sloughtar (55. 11

Source: FSIS FY 1978 Budget



-15-

Out of the FSIS budget, 25 percent Iis spent inspecting pro-
cessing plants (figure 5). Unlike slaughter inspection, not all
processed products are inspected; rather, the emphasis is on
monitoring production in the plant. For smaller plants, an
inspector 13 assigned to a circuit of several plants. Larger
plants may have one or more full-time inspectors. §j

During the first 2 years of Federal inspection, almost as much
meat was condemned in processing plants as in slaughterhouses,
Industry responded quickly by improving sanitation in meat-
processing operations. The quantity of meat and meat products
condemned at the processing plant dropped by 56 percent, from 43
million pounds in 1908 to 19 million in 1910 [142, 1908 issue,
pp. 19-21; 1910 issue, p. 64]. In 1977, with a larger U.S.
population and higher per capita consumption, 24 million pounds
of meat and meat products were condemned in processing plants
each year (152, 1977 issue, p. 6].

Inspectors in processing plants spend approximately 40 per-
cent of their time checking the quality and safety of meat (Is the
refrigervator running properly? Is the proper temperature being
reached during cooking? Are carcasses being received in wholesome
condition?) 9/ Of this time, 30 percent is spent overseeing plant
gsanitation during processing and cleanup. In the remaining time,
FSIS inspectors may check the use of labels, product net weight,
and the ingredients actually used in making processed meat and
poultry products.

8/ This dally inspection of processing plants is much more
intensive than Food and Drug Administration (FDA) inspection of
other types of food processing. An FDA inspector visits the plant
twice a year at most, and visits may be as infrequent as once
every 5 years (depending on the risk category of the plant and
type of food processed) [12, vol. II, p. 25].

9/ This breakdown of time spent by function was computed from
FSIS's work measurement study, made available by Ken Duff [33].
To derive the three category estimates, we made the following
aggregations:

1. Quality and Safety Inspection: (incoming red meat
carcasses, incoming product other than meat carcasses
wholesomeness and identity of outgoing product, con-
demned and inedible material, pickle formulation, time
and/or temperature process controls, product storage,
finished product storage-—unrefrigerated, finished
product storage--refrigerated, returned goods);

2. Plant sanitation (pre-operative sanitation, in-pro-
cess sanitation); and

3. Labeling and economic adulteration (new and temporary
labels, wholesomeness and formulation of product with
two or more ingredients, control of non-meat/poultry
ingredients, lot net weight control, Statistical
Quality Control (S5QC) net weight control).
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Laboratory services have been emphasized more in recent years;
in FY 1979 they accounted for 4.8 percent of the budget (fig. 4).
Most tests now conducted aid inspectors at the processing level;
over 80 percent are checks for adulteration and mislabeling. The
remaining 20 percent are tissue samples taken from carcasses. Of
these, approximately half are to confirm veterinary diagnoses of
the carcass' condition and its eventual disposition. The remainder
are for tissue samples randomly collected under the National Residue
Mnitoring Program to determine which chemical residues are occurring
at violative levels in the meat supply. Tests are currently being
conducted on 52 of the 143 drugs and pesticides likely to leave
residues in raw meat and poultry [164, pp. 66-70; 139].

FSIS Data Base

Since the majority of inspection funds are spent at the
glaughterhouse, next we examine the data base. FSIS publishes
an annual summary of the numbers and reasons for the removal of
meat from the human food chain (table 3). FSIS's annual
“Statistical Summary" lists 36 causes of carcass condemnations
ranging from emaciation to peritonitis to epithelioma (table 3).
The general nature of the categories makes it difficult to draw
many comparisons to human health consequences. If a random
sample of the condemned carcasses were subjected to laboratory
analysis, then the causative organisms could be identified and
human health linkages more closely predicted. For example,
pneumonia in cattle may be caused by around 200 organisms, with
very differing implications for humans coming in contact with
the live animal before slaughter, the meat during slaughter and

processing, and/or consuming the meat.

Continuing down the list, “epithelioma" and "lymphoma™ (types
of tumors) are other major causes of cattle condemnations, but
the causes of cancer and the likelihood of transmission to humans

are not well understood.

“Septic conditions” are another major cause of carcass con-
demnations and one that we did examine in detaill as will be
discussed. "Deads” are animals which do not rise to their feet
when the inspector checks the pens on antemortem inspection and
the causes of severe 1llness or death are numerous. Notice that
"residue”, such as antibiotics or pesticides, are a minor cause
of condemnations and removals for residues has never been large.

Historically, some disease conditions were a large cause
of condemnations but are no longer the case today, largely or

partly because meat inspection provided the economic incentive
to bring the disease under control (table 4). Bovine tuber-
culosis and cysticercosis (tapeworm) were two such diseases.
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TABLE 3: DOMESTIC ANIMAL CARCASSES CONDEMNED, FOR FISCAL YEAR 1981 l/

: NUMBEER OF CARCASSES CONDEMNED
: : : SHEEP : H H
CAIISE OF CONDEMNATION :+ CATTLE : CALVES : AND 1 GOATS : SWINE : EQUINE
H H LAMBS : : :
DEGENERATIVE AND DROPSICAL CONDITIONS: .
EMACIATION. .cocsosavessnacscnsssaase 3,005 1,490 3,304 as 888 101
MISCELLANEQUS.easanasasussonassnassne 2,923 115 29 1 598 16
INFECTIOUS DISEASES:
ACTINOMYCOSIS, ACTINOBACILLOSIS..... 1,040 1 -— - 9 -—
CASEOUS LYMPHADENITIS.cssscuccsnaans -_ - 5,528 172 -— -
COCCIDIOCAL GRANULOMA. cvescossasesnes 5 - — - 11 —
SWINE ERYSIPELAS...cacsecssnscsssnns - - - _ 4,661 -
TUBERCULOSIS NONREACTORa sevvaaussses - - — — 4,025 —
TUBERCULOSTS REACTOR.cssscsssvasases 26 - - — -— -
TETANUS. sossncccnccnsessersasssarnas 13 2 -_— -— 10 —_
MISCELLANEOUS. s nsancssusssossssnsncs 88 3 1 - 83 1
INFLAMMATORY DISEASES:
ZOSINOPHILIC MYOSITIS:cecsvacenansan 4,962 12 i3 1 19 -
MASTITIS.ucceasoassanssarnrannnannns 694 —_ 3 — 36 1
METRITIS s eonnvornssrasnonsssanssans 1,356 -— 42 - 724 4
NEPHRITIS, PYELITISccccsssssssasnsss 3,363 149 534 2 2,855 61
PERICARD ITIS. ccovsuccessccncscnsosnse 4,251 88 113 2 1,709 3
PERITONITIS ecsassaaruossncsanvsnnns 3,707 1,062 207 4 12,239 41
PNEUMONIA: cosonanonnvnnnssnnsasensne 3,504 4,04) 3,930 44 18,367 152
UREMIA s eoerononnsncsssnssansssnanas 853 37 1,19 - 1,191 10
MISCELLAENOUS. ccuusssasassnsasssasas 1,551 434 27 k! 1,403 g
NEOPLASMS:
CARCINOMA. covssarnannanssnsussnnsnne 3,847 27 33 1 1,108 162
EPITHELTOMA. covaesccncsssascasasansse 16,451 6 11 3 -— 9
MALIGNANT LYMPHOMA..eecveosranenrans 9,039 66 10 2 1,307 27
SARCOMA. coevencevsnsasssasransrnnnss 258 1 9 - 612 18
MISCELLANEOUS. s evesarasassssasssssas 632 13 14 - 1,244 50
PARASITIC CONDITIONS:
CYSTICERCOSIS. cveocnnnnnnannnssnsses 52 — 314 - 2 —
MYIASIS.cns.- tevvevavessnassanasaans 2 - 1 — 1 -
MISCELLANEOUS. cvvnacnsscasscasasssns 193 - 2,630 717 6
SEPTIC CONDITIONS:
ABSCESS, PYEMIA..u.assssesssssasasas 9,705 447 1,231 8 34,930 39
SEPTICEMIAcuencacescosnonasaasnonons 7,059 2,799 504 24 8,685 90
TOKEMIA:eroevosonsonsscnsssasssansas 3,200 374 323 3 3,935 23
OTHER.:
ARTHRITIS . csecersonsssssnsannonanons 1,092 1,516 826 1 20,638 5
CENTRAL NERVOUS SYSTEM DISORDERS.... 103 17 7 — 115 2
CONTAMINATION . s eesensnnnsassssacsnans - - - - 9,146 -
DEADS . ssssseantcsatcscnssnsasssssnns 8,735 13,698 4,852 83 82,799 264
ICTERS e eevencsnanasanannsnnsuanonas 505 2,588 1,059 3 12,917 10
INJURIES. evsonsronnncsssassaasannsss 2,825 533 265 9 4,199 43
MORIBUND . cvvevcevrannsacssssanssanas 1,882 1,165 4B4 1 1,144 11
PIGMENTARY CONDITIONS.vevcvsvovosons 138 18 14 1 637 99
PYREXIAs socosvoacssaseeansannssconce 146 29 4 7 125 1
BRESIDUE. cccceasonssoarronnnnssusnnns 154 278 - - 61 -
SEXUAL ODORucacesscnsscareessesannes -— - - - 187 -
MISCELLANEOUS GENERAL..vueceavssanes 221 196 40 5 4,830 6
OTHER REPORTABLE DISEASES...ceevenns 64 12 1 - 47 3
TOTAL.coevooososassnnaransnannsnnnsass 103,644 31,217 27,577 466 238,214 1,267

1/ Data used in this report are for domestic animals only.
animals slaughtered abroad oaly by chance {152].

The rates of condemmation would pertain to
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TABLE 4: COMPARISON OF LEADING CAUSES OF CONDEMNATION ON POSTMIRIEM
INSPECTION 1917, (percentage of total condemnation)

CATTLE BY CAUSE

Tuberculosis - 467
Actinomycosis - 36%
Cysticercosis - 7%
Tumors & Abscesses - 27
Emaciation - 1%
(All Other) - 7%

SHEEF BY CAUSE

Caseous Lymphadenitis - 44X
Cysticercosis - 217
Abhesions - 14%
Tumors & Abscesses - 5%
Pneumonia, Etc. - 4%
(All Other) - 12

SWINE BY CAUSE

Tuberculosis - 83%
Adhesions - 1%
Tumors, Abscesses - 1%
Injury - 0.5%
Hog Cholera - 0.5%
(All Other) - 14%

TOTAL DISPOSITIONS

Dispositions % of Total
Passed without Restriction = 91,87
Carcasses—Condemnation = 0.4%
Retained-Trimmed = 6.67

Retained-Parts Condemnation = 1,2%
Total 100.0%

SOURCE: [12]
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SECTION II1: BENEFIT EVALUATION

The purpose of the inspection program is to provide at
least two types of benefits: (1) the protection of U.S5. citizens
from a variety of diseases that could be contracted from unsafe
meat and poultry products and (2) the opportunity to sell in
international markets which increases the income of U.S5. agricul-
ture.

It is impossible to measure all the human health protection
benefits, as the incidence rate of diseases without inspection is
unknown, However, two of the diseases studied--tuberculosis and
E, coli septicemia may be among the most important regarding their
human health consequences, All three animal/human diseases studied
(including beef tapeworms) do not typilcally cause noticeable
changes 1in the animal. Without Government intervention, farmers
and processors buying these animals have little economic incen-
tive to initiate programs to remove these hazards.

Federal inspection of products for export is a source of
health protection benefits for foreign consumers. It is unlikely
that domestic animal producers and processors could produce for
the overseas market without a reputable independent inspection
system to assure product safety,

Domestic Human Health Protection Benefits

The methodology adopted to estimate the benefits of meat
inspection in preventing disease in humans consists of four steps:

1., Estimate the number of animals likely to have
the particular disease that would not be condemned
or removed from the food supply each year in the
absence of the Federal inspection program.

2, Estimate the number of humans who would be
afflicted annually by working with these animals
and/or handling or eating the raw or rare meat.

3. Estimate the medical costs required to treat the
patients.

4, Estimate the earnings and productivity lost be-
cause of the 1llness. The sum of these costs and
lost earnings and productivity represents the
economic benefit of inspection for the particular
disease.
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The four step analysis sounds easy, but it is fraught with
difficulty. Some of the unanswered questions that make this
analysis tenuous are: identifying exactly which organisms cause
disease in cattle; predicting whether these organisms will be
spread throughout the carcass or confined to specific locations;
predicting the continued survival or growth of these organisms
through the food storage, preparation and cooking processes; .the
number of organisms needed to infect a human; and estimation of
the human health consequences either of ingesting these organisms
or coming in contact with them while butchering carcasses or
preparing food in the home or commercial feeding facility.

This partial quantification of benefits does not include the
inconvenience, pain, and suffering of the victims (nonmonetized
direct costs) and the indirect costs imposed on others (figure
1). Furthermore, it does not include other human diseases
avoided (some are listed in appendix A), the benefits derived
from a reduction of possible environmental contamination from
meat and poultry during processing, the benefits from accurately
labeled meat and poultry products, or the benefits of export
sales of U.S. produced meat and poultry products which would be
jeopardized by abolishing Federal inmspection.

Bovine Tuberculosis

One of the most studied animal diseases, bovine tuberculosis,
accounts for a large expenditure of funds by the Federal meat
inspection program. Each and every bovine animal slaughtered for
meat is inspected. Roughly 70 percent of the inspector's time on
the beef slaughter line is spent examining lymph nodes for signs
of a wide variety of infections or neoplastic processes, one of
which is tuberculosis [53]. The inspector slices and inspects the
lyeph nodes in the head for evidence of calcium deposits indicating
tuberculosis and visually examines and feels the lymph nodes in the
inner cavities for such calcium deposits. Cattle carcasses are
condemned and removed from the human food chain if TB has spread
throughout the whole body. The carcass can only be used for pet
food and 13 almost a total economic loss to the owner. It is
passed for cooking if the live animal reacted to the tuberculin
test or if localized lesions in the lymph nodes are discovered
(these are then removed from the animal) [119]}. Since the carcass
can only be turned into lunch meats for human consumption, the

owner's economic loss is around 50Z.
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During the 75 years of the Federal meat inspection effort
there has been a marked decline in number of cattle with bovine
tuberculosis. In the early days of inspection, 25,000 head of
cattle were condemned annually for TB (0.34% of cattle inspected
from 1908-1911) while today less than 100 cattle, on average,
are condemned for TB each year although the number of cattle
federally inspected is four times greater. How do we evaluate
the impact of inspection on the decline in bovine tuberculosisg?
How do we measure the value of this decline in bovine tuberculosis
in terms of the likely health consequences?

Estimating the Decline in Infected Cattle. Starting with the
impact of Iederal meat inspection on the decline of bovine tuber-
culosis, we have to consider other events during the past 75 years

such as the on-farm tuberculin testing program. What are some
possible options for dealing with bovine tuberculosis? ig/

Option l1: Do nothing. Let bovine tuberculosis continue to
infect more cattle and humans. This option 1s viable if the
costs of control are very high and thus greater than the benefits
of preventing human disease.

Option 2: Rely on voluntary control by farmers. Farmers
have the greatest economic incentive to control disease when it
spreads rapidly among animals and causes a readily apparent illness
that results in a sharp decrease in the economic value of the animals
infected before the animal has spread the disease to other members
of the herd. None of these conditions are met with bovine tuber-
culosis:

(a) There is no way to predetermine which cattle will
get TB since TB hits healthy cattle as readily as
unhealthy and all breeds are equally likely to be
infected [87, p. 46]., Thus the farmer cannot screen
or isolate cattle from the risk of tuberculosis.

(b) Infected and contagious animals may not develop
disease for years, even though they are spreading
TB to other animals and humans. And the course of
the disease is not steady: "In adult cattle as in
people, the disease may exhibit periods of remission
and exacerbation” [Ibid., p. 167].

(e) Diseased animals do not act acutely 111 or give other
obvious symptoms of illness, By the time the disease
is visible to the human eye, it is very advanced and
"nearly always fatal to the animal" [Ibid., p. 40].

10/ Conventional methods of prevention or treatment are not
1isted as options because they are not effective against TB:
there is no effective vaccine against tuberculosis and drug
Lreatment in cattle does not free the body of tubercle bacilli
but merely suppresses signs of disease and after drug treatment
is stopped, active disease and shedding of infective organisms
continues [87, pp. 167, 51-54].
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Option 3: Do on—-farm tuberculin testing only. Tuberculin
testing has problems with false positives and false negatives 1}/
as well as being expensive when the numbers of tuberculous animals
declines. 12/

Option 4: Do slaughterhcuse inspection only. However,
slaughterhouse inspection, while more certain, only catches those
animals brought to the slaughterhouse and does not detect other
animals left on the farm.

Option 5: Do both slaughterhouse inspection for TB and on
farm tuberculin testing, i.e. the present system.

Tuberculin testing of cattle on the farm was very important
in the early years in discovering unknown pockets of tuberculosis.
Today, however almost all cattle infected with tuberculosis are
found through inspection in the slaughterhouse. For example,
there were 20 herds discovered to be infected with tuberculosis
during FY 78, of which 9 herds were traced directly from the
inspection at the slaughterhouse to the farm of origin, An
additional 10 herds were indirectly traced, bringing the total
to 19 out of the 20 discovered through federal meat inspection
[68]. A separate research study would be needed to determine
conclusively the relative importance of meat inspection versus
farm inspection in causing the rate of tuberculosis among cattle
to decline. We have arbitrarily assigned them equal importance
meaning that 50 percent of the decline in the observed rate of
tuberculosis among cattle has been attributed to meat inspection.

11/ "The reaction to tuberculin is due to semsitivity to tuber-
culoprotein which develops in the tissues of animals a few weeks
after the initial invasion of tubercle bacilli” (87, p. 45].

"The reactor rate among tuberculosis free herds was 1.52% and
0.27% were proved to be caused by Mycobacteria tuberculesis or
bovis" [Ibid., p. 266]. Thus the false positives were 1.27% which
is eighty percent of the cattle reacting to the test. These false
positives may be due to other acid-fast organisms or infectlons
with other types of mycobacteria, or perhaps such an early stage
of infection that no signs of disease were yet to be found.

False negatives are also a problem. The World Health Program
of the UN reported that, "Unfortunately, some animals that do not
react are suffering from advanced open tuberculesis” [Ibid., p.
362). And the test can be tampered with by Injecting tuberculin
to desensitize cattle temporarily so they will not react when
the official test is made [118, p. 13].

12/ Dr. A.F. Ranney, Chief, Tuberculosis Eradication Section of
the U.S. Department of Agriculture reported that New York State
estimated in 1953 costs of $738.97 to find a tuberculin reactor
by routine farm testing, but only $32.25 to find a reactor after
reports of tuberculous lesions were submitted by veterinary meat
inspectors [87, p. 37]. These cost differences would be even more
pronounced today as the number of tuberculous cattle has continued
to decline.
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The incidence rate of inspected cattle condemned for tubercu-
losis in 1908 through 1911 was 0.34 percent, 34 out of 10,000.
Miltiplying this rate by the average number of cattle carcasses
inspected annually (in the last five years this was 34,419,680
carcasses) yields 120,125 cattle which would have had TB if its
prevalence had remained as high as it was in the early years
[152, 1976-80]. The actual number of condemnations for tubercu-
losis in the last 5 years was only 95 carcasses annually—leaving
a net difference of 120,030 carcasses per year representing the
decline in cattle intended for the human food supply which were
infected with Mycobacterium bovis. Assuming that meat inspection
was responsible for 50 percent of the decline, the federal program
prevented 60,015 diseased cattle carcasses from entering the

human food chain.

The Likelihood of Infected Animals Causing Human Illness.
The epldemlologlcal data base for 1inking animal Infection to
human infection is still somewhat hypothetical. While half of
all human infections were of animal origin in 1921, drinking
unpasteurized milk was the primary mode of transmission then
[87, p. 128]. Inhalation of bacteria is another mode of trans-—
mission and the primary method of people infecting other people
and of animals infecting other animals [57, p. 306]. Formerly,
prolonged exposures were thought necessary. However a fraction
of a minute may suffice to pass tubercle bacilli {87, pp. 46 and
165]. 1Inhalation would be a possible method of infection of farm
families and slaughterhouse workers including those in the pro-
cessing plant, since bacteria can also be spread through the air
when slabs of meat are thrown on the counter and the carcass is
cut-up. 13/ There are documented cases of wound infections
causing tuberculosis in butchers and veterinarians [57, p. 320].

The risk to the public of eating undercooked tuberculous meat
has not been clearly established, although the hazards of eating
tuberculous meat have been recorded in the Talmud and the laws
of Moses [41, p. 83]. “There is little doubt that the meat of
cattle with generalized tuberculosis can contain tubercle bacilli.
In one study, samples of muscle from such cases were positive in

1737 "Recent critical analysis of data has shown that droplet
transmission 1s much more frequent than previously thought. When
human infection with M, tuberculosis decreases in the presence of
cattle tuberculosis, the majority of human pulmonary tuberculosis
can be due to M. bovis. It is agreed that man is as susceptible
to bovine as to human tubercle bacilli” [57, p. 306].
Slaughterhouse workers are also exposed to the possibilities
of cross contamination. Living tubercle bacilli were found on
the surfaces and cleavage planes of a high percentage of apparently
healthy carcasses by Lillengen in 1945. The likely source was
contamination of carcasses at slaughter since he found bacteria
on 71% of utensils, 100% of wiping cloths and 68% of floor samples
after cold water sluicing [41, p.37].
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50-80 percent” [57, p. 320]. Tubercle bacilli "remain viable and
virulent for many weeks in dark, cool, and damp places. They
tolerate freezing in ice” but do not tolerate much heat 14/ and
survive only two to eight hours when exposed to sunlight. The
prevalence of human tuberculosis from drinking unpasteurized
milk at the turn of the century, indicates that the bacteria
can survive the stomach acids. Perhaps the likelihood of human
infection centers around the number of bacteria needed to cause
disease. But these data are not conclusive., In one experiment,
half of the guinea pigs injected with small numbers of bacilli
developed tuberculosis [41, p. 37]. 15/ However, rabbits and
guinea pigs fed tuberculous meat slaughtered under asceptic
conditions did not become ill [36, p. 232]. 16/

How may one combine such fragmentary data to derive the human
risk of tuberculosis from aerosol contamination, penetration of
the skin through cuts and nicks, and via coosumption of meat
(table 5)7 1 asked an expert to synthesize the data; Dr. James
Steele, Public Health Veterinarian, at the University of Texas
and formerly Assistant Surgeon General for Veterinary Medicine
in the U.S. Public Health Service. He estimated that 4 to 10
human infections (primarily among farm families and slaughterhouse
workers) would be caused by each 10 infected live cattle or
carcass thereof. Of those persons becoming Iinfected, 90 to 95
percent will be able to resist disease and only 5 to 10 percent
will actually develop clinical disease symptoms requiring treatment.
The human health consequences of 60,015 tuberculous cattle entering
the human food chain are 24,000 to 6G,015 human infections of
which 1,200 to 6,002 will result in human disease and of those
diseased 72 to 360 people will die (figure 6).

14/ In milk or other material, a temperature of 186° F maintained
for one minute destroys all bacilli. This can be accomplished
also by maintaining a temperature of 142-145" for 30 minutes
(Pasteurization)” [87, p. 43].

In pot roast or cuts of meat that are cooked for a long period
of time, the bacteria would be destroyed. However, it is possible
they would survive in other cuts of meat. For example, the internal
temperature of a well done roast only reaches 170°, not 186°. And
a medium roast reaches 160° while a rare roast reaches 140°,

15/ Injection of guinea pigs with muscle tissue from tuberculous
calves caused all ten guinea pigs receiving the larger dose (1 gram
of tissue injected) to develop tuberculosis but only five of the
ten recelving a smaller dose (0.0l gram of tissue injected)
became ill. Francis hypothesized there were 100-200 bacilli per
gram of muscle tissue. Injection of blood samples was not as
infective; only two guinea pigs receiving the injection developed
TB while four did not [41, p. 371.

16/ However, animals fed such meat slaughtered under the primitive
conditions used before the turn of the century did develop tuber-
culosis [96, p. 232]. The difference may have been that internal
organs which were sites of lesions were eaten in the latter case
and thus greater concentrations of bacteria were ingested.
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TABLE 5: PATHWAYS OF HUMAN EXPOSURE TO
BOVINE TUBERCULOSILS

I.  Direct contact with live animal

o Animal bite

0 Contact with the skin, fur, tail, etc. and microorganisms
found there

I1. Indirect contact with the live animal

o Aerosol contamination of the barn and air system (e.g.
legionnaire's disease)

o Contamination of the walls, floor, gates, etc.
o Animal refuse (manure)

o Flies or fleas biting the infected animal and then biting
humans and transmitting disease (malaria, bubonic plague)

ITI1. Direct contamination by the carcass

o Some organisms penetrate the skin of personnel handling
meat (e.g. toxoplasmosis and bovine leukemia virus)

o Entry of organisms through cuts and knicks on the hand of
slaughterhouse or processing plant workers

IV, Indirect contamination by the carcass

o Aerosol contamination when the carcass is cut up and/or
slapped on the counter, thereby releasing pathogens

o Contact with knives, wiping cloths, sinks, etc. where
pathogens have been deposited

V. Cross contamination of other edible products
o Carcass contaminating other carcasses in the slaughterhouse
o Meat products in the processing plant

o Other raw or cooked foods in the kitchen or a private home
or commercial feeding establishment

V1. Consumption of meat and meat products
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¥IGURE 6: ESTIMATED HUMAN DISEASE AND DEATH
CAUSED BY ASSOCIATION WITR 60,015
TUBERCULOUS CATTLE

642
Diseased cattle causing
human infection only
(24,000 to 60,015
buman infection)

6%
Diseased cattle causing
buman disease {1,200 to
6,002 humans with 1IB)

0.4%
Diseased cattle causing
human deaths (72 to 360
human deaths)

30%
Diseased cattle but
po human {nfection
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Cost of Treatment for Human Tuberculosis. “In 1937, Raw
stated that the bovine type of tubercle bacillus may cause
practically every kind of lesion that the human type is capable
of causing in the tissues of man. Cases of tuberculosis of the
lymph nodes, bones, joints, meninges, and other organs, have been
proved to be caused by the bovine type of bacillus” [87, p. 62].
Furthermore, “Griffith did not find it possible to distinguish
clinically or by x~-ray inspection between the human and bovine
type of pulmonary lesions in man™ [Ibid., p. 63]. Once a tuberculous
lesion develops in an organ, the appearance and course of disease
is the same whether M. bovis or M. tuberculosis is isolated,
including the character and extent of lesions seen at autopsy
{57, p. 306]. Consequently we have used average cost data for
all human TB cases.

Some of the nonfatal tuberculous cases can be treated on an
out-patient basis (approximately 18 months); however, others re-
quire extensive hospitalization. The Centers for Disease Control
(CDC) of the United States Public Health Service, Department of
Health and Human Services which monitors tuberculosis reports
that a fictional "average” case in 1977 would have required 30
days of hospitalization [$5]. 17/ Today, half the tuberculosis
patients are in general care hospitals and half are in sanitariums
[159, p. 17]. The average cost per day multiplied by the average
30 day length of stay ylelds a cost of $4,500 per case [45] (table
6). An additional $250 is needed for drugs and approximately
$1,250 for laboratory tests, chest x-rays, eye tests, nurse and
physical visits and tracing of contacts [91] On average, 2
months are lost from work, adding another "$2,275 per case. 18/
Thus the total direct money costs per individual who recovered
from tuberculosis would average $8,275 (table 6).

Benefits of Preventing Deaths from Tuberculosis. Although
treatment for 1B lmproved dramatically aLter the discovery of
streptomycin in 1944, still around 6% of the patients die. The
proper method of evaluating human death has been much debated in
the economic literature [38, pp. 184-190], Dorothy Rice of the
National Center for Health Statistics has pioneered in calcula-
tions of the present value of human capital which essentially

17/ This average figure includes hospitalization of those who
died. The movement away from tuberculosis sanitariums towards
out-patient care is reflected in this decline in hospitalized
days which was as high as 145 as recently as 1970.

18/ The two months of lost wages or work time are low because
they are the average weekly earnings for private sector produc-
tion and non-supervisory workers on nonagricultural payrolls,
reported by the Bureau of Labor Statistics as $261. 89/week in
December 1981, It is assumed that all persons affected would be
workers or that the value of time lost to nonwage earners (perhaps
children, homemakers, students, the elderly) would be roughly
comparable to the value of wages lost.



-28-

TABLE 6: BOVINE TUBERCULOSIS COSTS AVOIDED

: : Total
Type of : Cost per : Low High
Cost : Case : estimate estimate
: : 1,200 cases 6,002 cases
: Dollars : Mllion dollars
Medical costs, total : 7.2 36.0
Hospital : 4,500 : 5.4 27.0
Physician and nurse : 1,250 : 1.5 7.5
visits : :
Drugs : 250 : 0.3 1.5
Lost wages, total : : 9.2 118.6
Due to illness* : 2,275 : 2.6 12.8
Due to death#*#* : 92,000 low : 6.6 105.8
: 294,000 high:
Grand total : : 16.4 154.6

*The lost wages due to illness only are calculated for i,128
individuals (low estimate) and 5,642 individuals (high estimate).

**The estimated number of deaths are 72 (low estimate) or 360 (high
estimate) persons and the low loss of life figure uses the human
capital approach (appendix B) while the higher figure is the
willingness to pay approach (appendix C).
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measures the loss of productive capacity caused by the death of a
worker. These numbers have been updated to include inputed wvalues
for housekeeping services performed by the individual (appendix B).

Economl sts have long contemded that while the human capital
approach captures an important piece of an individual's contribution
to society amd Gross National Product (GNP), an improved theoretical

"concept is an individual's "willingness to pay"” to reduce the
risk of death [84, pp. 159-163, 38, pp. 184-190). Llandefeld and
Seskin have just published their "Ad justed Willingness-to-Pay/Human
Capital™ estimates which are significantly higher than the tradi-
tional human capital estimates for three reasons: (1) the non-labor
income such as peusions are included since these resources can be
used to pay for a reduction in the risk of illness; (2) risk aver-
sion 1s assumed using data from lf{fe insurance purchases which
means that a family will pay more than their expected economic
loss to buy peace of mind and reduce the risk of income loss due
to death of a wage earner; and (3) a lower discount rate is used
which reflects the irmdividual’s opportunity cost of investing in
other risk reducing securities or assets-~—"such as installing a
security system or buying a safer car” [71, p. 562].

This new estimate increases the value of life more than three-
fold over the previous estimate of $92,000 per life to $294,000
per life for the age distribution of deaths from tuberculosis as
reported by the Centers for Disease Control (CDC) and shown in
appendices B and C. If these figures more accurately reflected
the value of 1ife, then the TB deaths avolded are valued at $21.2
million for the low estimate (72 deaths) to $105.8 million for
the high estimate (360 deaths).

Conclusion. The aggregate costs for TB patients who recover
plus those who would die are shown in table 6. The medical costs
avoided range from $7.2 million for the low estimate to $36.0
million; lost earnings or productivity cost range from $9.2
million to $118.6 million; and these sum up to estimated benefits
ranging from a low of 516.4 million to a high of $154.6 million.

It is hard to assess the incidence of meat-related TB and the
value of reducing TB, First, the implementation of slaughter-
house inspection began only a decade before the on-farm tuberculin
testing for tuberculosis. Thus two control points were used simul-
taneously. Both methods of detecting tuberculosis continue to be
used today, albeit the vast majority of the discoveries of infected
herd s come either directly or indirectly from the slaughterhouse
detection. Furthermore, the decline in human cases of bovine
tuberculosis cannot be attributed solely, or even largely, to
slaughterhouse inspection since drinking contaminated milk was the
more commen source of cattle/human transmission and since pasteuri:
zation of milk became common around the same time (the temperatures
for pasteurization were based on the destruction of tubercle
bacilli). Human cases of TB may take ten, or even thirty, years
after infection to manifest themselves. Thus there are no good data
on which to base a causal linkage between the beginning of inspec-
tion anl the reduction in human cases of bovine tuberculosis.
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Second , bovine tuberculosis in humans 1s difficult to
differentiate from the more usual human TB (caused by Mycobacterium
tuberculosis) unless serological tests are done or unless the
person develops a hunchback,

In addition, there are joint costs involved in the inspection
.process since the examination of the lymph nodes for signs of TB may
uncover other infectious diseases. How does one allocate the costs
of inspecting lymph nodes among the various infectious diseases?
Which disease is the primary one shouldering the costs? And what
are the secondary diseases whose incremental costs might be only
one-tenth as much?

From a theoretical perspective, the best vantage point for
evaluating the human cases of disease prevented would be to compare
the human infections caused today by cattle with what would have
been the case in the absence of the program. But the rub here is,
what kind of decline in bovine tuberculosis could be expected
among cattle with just on-farm tuberculin testing? Would the
testing have expanded greatly beyomd its actual role, or would
the high costs in the absence of leads from the slaughterhouse
have curtailed the effort? 19/ Or would there have been some
other changes in farm management and animal husbandry practices
which would have altered the incidence among cattle?

Looked at from another perspective, since the program has
been s0 successful in reducing TB, we could consider abolishing
the inspection for TB today and estimating the human health
consequences. Then examining the likely spread of disease among
herd s would be the basis of the analysis. The Animal and Plant
Health Inspection Service (APHIS) in USDA has developed such a
model based on the abolition of all Federal efforts against bovine
tuberculosis [E]. The spread of disease was based on the prob-
ability of purchasing infected cattle from tuberculous herds. In
25 years five percent of the cattle would be infected, the level
of infection in 1906 when federal meat inspection was established.
The APHIS model stopped at 40 years when 9% of the cattle would be
infected and the rate of infection would keep spreading. 1In 1958,
17-18% of all cattle in England were estimated to be tuberculous
and because the disease increases with age, 40% of the cows
slaughtered were tuberculous [41, p. 7]. 20/

From yet another perspective, a historical context, a
higher benefit estimate is obtained than either methodology just

19/ See footnote 12 on page 23,

20/ Bovine tuberculosis is a world-wide problem. In the 1940's
the incidence of disease in milk cows in Europe was estimated to
range from 10 to 70%. In Latin America the incidence ranged

from 10 to 30% and higher near metropolitan areas., Australia and
New Zealand were thought to have a 7% rate of infection. A survey
in China around Peiking estimated 18% were infected [_8_'{:, p. 189].
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discussed because the human health consequences were much more
severe then. In 1906, bed rest was the treatment for human TB
since the available drugs were not effective, This discovery
of streptomycin in 1944 meant TE became treatable with drugs
and today the human death rate has fallen to 6 percent of those
“becoming i1l.

Beef Tapeworm

There are a number of worms infecting humans that use meat as
a vehicle, Taenia saginata is probably the most common worldwide.
Arcund 45 million people have been estimated to harbor Taenia
saginata--11 million in Europe, 15 million in Asia, 18 million
in Africa and 1 million in South America (98, p. 79]. BNorth
America and Australia are left out of this tally, but also have
problems. 1In 1917, near the beginning of the U.S. Federal inspec-
tion effort, T. saginata was the cause of 7 percent of all cattle
cordemnations, or 0.28 percent of all cattle inspected (table 4).
Today the incidence of tapeworm condemnations has fallen to a
total of 765 cattle carcasses from 1977-1981, or 153 per year.
However, if dead cysts are fourd in small numbers, then the car-
cass 1s passed for freezing to kill any undetected cysts——these
averaged over 10,000 carcasses annually from 1977 to 1981
[152].

Eating one live larvae in raw or rare meat ard not killed by
thorough cooking will cause a tapeworm in human intestines where
it will live until the death of the imdividual unless medical
treatment 1s provided (table 7). Symptoms vary in their
intensity amd some persons never realize they have a tapeworm.
However most people experience symptoms which "...may include
nervousness, insemnia, anorexia, loss of weight, abdominal pain,
and digestive disturbances” [l, p. 319]., Occasionally the
appemdix, uterus or billary tract are invaded and serious dis-
orders can occur (57, p. 679].

Humans are the definitive hosts of tapeworm. A mature tape-
worm will shed 8 or 9 egg cases daily totaling up to a million
eggs which can be reintroduced to cattle through use of sewage
effluent for irrigation of pastures, via infected feedlot workers
with careless sanitation habits (although the egg cases are
capable of independently forcing their way through the anal
sphincter and would be dropped ramdomly) or by feeding contami-
nated water, hay, or sileage, or through birds and filth flies
spreading the eggs which can pass through their bodies unharmed
[96, p. 355]. The tapeworm eggs are fairly long lived--"71 days
in liquid manure, 12 in ¢ity sewage, 76 in culinary water, 159
in cultivated pasture” [59, p. 203]. On uncultivated pasture,
eggs have survived 2 years [82, p. 176].

Federal meat inspection is important in preventing cases
of Taenia saginata in humans; as cattle do not show obvious
slgns of disease; there is no reliable test for detecting the
disease in live animals; and there is no
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TABLE 7: PATHWAYS OF HUMAN EXPOSURE TO TAPEWCRM

I. Direct contact with live animal
o Animal bite
o Contact with the skin, fur, tail, etc. amd microorganisms
found there
II, Indirect contact with the live animal
0 Aerosol contamination of the barn amd air system (e.g.
legionnaire's disease)
o Contamination of the walls, floor, gates, etc.
0o Animal refuse (manure)
o Flies or fleas biting the infected animal amd then biting
humans and transmitting disease (malaria, bubonic plague)
ITII. Direct contamination by the carcass
o Some organisms penetrate the skin of personnel hand ling
meat (e.g. toxoplasmosis and bovine leukemia virus)
o Entry of organisms through cuts and knicks on the hand of
slaughterhouse or processing plant workers
IV. Indirect contamination by the carcass
0 Aerosol contamination when the carcass is cut up and/or
slapped on the counter, thereby releasing pathogens
o Contact with knives, wiping cloths, sinks, etc. where
pathogens have been deposited
V. Cross contamination of other edible products
o Carcass contaminating other carcasses in the slaughterhouse
o Meat products in the processing plant
o Other raw or cooked foods in the kitchen or a private home
or commercial feeding establishment
VI. Consumption of meat and meat products
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practical treatment to rid cattle of T. saginata [124, pp. 8-9].
If there were, cattle could be routinely treated before being

sent to market. Furthermore, the cysts are often microscopic

and seldom larger than a quarter of an inch. 21/ Their white color
may resemble fat. Grinding infected meat ints_hamburger can
disguise the tiny white cysts containing the larvae. The presence
-of cysts would not aldversely affect the returns of meat processors
or retallers as consumers are not able to detect them in the meat.
Similarly, as infected animals do not become obvigusly 111, the
disease does not materially affect the farmer. Hence, little
economic incentive exists to eliminate infected animals from the
meat supply voluntarily.

However there have been three tremds in farm management which
do affect prevalence. The increased use of feedlots to raise beef
increases the human/cattle interaction and increases the likelihood
of disease in cattle. And the increased use of sewage effluent
for irrigation of forage can increase animal exposure to the eggs. 22/
The increased use of indoor plumbing, though, decreases the chances
for humans to contaminate cattle. Perhaps these tremds offset
each other, and the chances of cattle containing infective larvae
if there had never been a Federal inspection program would be
constant over time.

Again, as with the TB estimate, the most accurate
technique of estimating the human health protection benefits is
to compare the steaily state with inspection vs. the steady state
with never having had inspection. Again this is an "iffy"” business.
Given that there were opposing trends in farm management, T have
assumed that without Federal inspection imposing a financial loss
on sellers of "measly” beef (so called because a massive concen-
tration of the white cysts containing the tapeworm larvae give a
speckled or measly appearance to the beef) there would have been
no reason to try to control Taenia saginata. Hence 1 assume that
the prevalence in cattle would have remained unchanged at .028
percent., Applying this rate to the number currently inspected
vields 9,380 carcasses with larvae (9,380 = ,00028 times 33,627,730
inspected annually, 1977-81). A study of 20 condemned carcasses
found an average of 370 cysts containing live larvae per animal,
or a potential of 370 human tapeworms [62, p. 787]. The larvae
were buried deep in muscles with a good blood supply and found
throughout the carcass. Assuming that this carcass 1s cut up
like the typical cattle carcass, around 17 percent of the meat

21/ "Within 11 days the cysts measure 0.1 to 0.2 X 0.1 mm and in
70 days, when fully grown, 7 to 9 x 5 to 6 mm” [59, p. 204].
The maximum size, 9 millimeters, equals 35 percent of an inch,
or 5/16 of an inch.

22/ "The ability of Taenia eggs to survive sewage treatment amd
be discharged with sewage effluent has been shown by a number of
workers [104, p. 1714].
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will be consumed rare 23/ and this rare meat will contain 63
viable larvae with the potential for causing 63 human infections
(63 = ,17 times 370). The number of human cases of tapeworm
then 1s 591,000 annually (9,380 carcasses infected times 63 live
larvae per carcass = 591,000 human cases of disease). _g_!_t/

It is assumed the human health protection benefit from
inspection removing carcasses with Taenla saginata cysts containing
viable larvae from the human food chain is the cost of treatment
to rid the human of its tapeworm. This fnvolves two visits to
the doctor, a stool examination, amd drugs, for a total of 3550
per case [63]. If the two visits to the doctor require a half-day
away from work, the productivity lost is $33 per case (4 hours x
$8.25; the hourly wage rate in December 1981),

The total annual health cost avoided by eliminating 9,380
cysticercosis-infected carcasses from the food supply 1s $49
million assuming each carcass would have caused 63 human
infections (9,380 carcasses times 63 larvae times $83 per human
case of tapeworm = $49 million) (table 8).

An alternative measure of benefits is the immediate human
health impact of ceasing inspection for Taenia saginata. There
are two reasons why this estimate would not be very different:

1. Currently 10,000 cattle annually are found to
harbor low levels of T. saginata infection.
A slight relaxation of farm sanitation ard
vigilance could quickly turn these mild
infections into severe infestations.

23/ Rib, sirloin amd short loin steaks and roasts are approximately
25% of the boneless yields of a beef carcass [143, p. 17]. The
remainder is round, flank, brisket, plate, amd chuck cuts which
would be cooked well done, except for the portion of these cuts
turned into hamburger. Hamburger averages 26-287 of the utiliza-
tion of the carcass. The 25% steaks and roasts plus the 27%
hamburger adds up to 52% of the meat which is a candidate for
rare consumption. If we assume 1/3 of these cuts are consumed
rare, then 17% (.52 x .33 = ,17) of the beef servings are eaten
rare and thus would not be cooked at a temperature sufficient
to kill Taenia saginata. Furthermore, if all the infected meat
were ground into hamburger there would probably be a higher
percentage cooked rare.

2_4/ Even with Federal meat inspection, tapeworm in humans is
not unknown in the U.S. "In a recent survey of State Health
Department laboratories, Taenia spp. were dlagnosed at a rate
of 23 per 10,000 fecal specimens. It is estimated that one-
third of patlents with taeniasis have never traveled outside
the United States™ and thus must have contracted tapeworm in
the U.S. [96, p. 355].
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TABLE 8: COSTS OF HUMAN INFECTION WITH TAENIA SAGINATA
(TAPEWORM) AVOIDED BY MEAT INSPECTION

: Estimate
Type of Cost : Cost per Case : for 591,000
: Buman Cases
———————— ¢ ==Million dollars--
Medical costs : 50 3 29.6
Lost wages : 33 : 19.5
Total : 83 : 49,1

Note: Assumptions are 9,380 infected cattle carcasses would
enter the human food chain annually and that each
carcass would cause 63 human cases of tapeworm.
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2. Given our modern large scale cattle-feeding
imdustry, beef infected with Taenia saginata can
be quickly spread through much of the U.S. from
just one or two infected feedlots as shown by two
case studies: In one case in an Arizona feedlot,
43% of the herd became infected and "if not detected
by adequate meat inspection [would have presented ]
a health hazard to many thousarmd s of people”

[82, p. 169]. In the second case involving

two commercial feedlots in the Texas panhamnd le,
"within a 2-month period, 913 infected cattle were
shipped for slaughter from these two establishments
to widely separated areas of the United States”
[104, p. 1708].

Cordemnations of Septicemic Carcasses

One of the primary causes of comdemnation of cattle carcasses
under present federal slaughterhouse inspection is septicemic
conditions. In the Food Safety and Inspection Service's (FSIS)
annual statistical report there are two relevant categories:
cattle carcasses cordemned for septicemia and those cordemmed
for abscess, pyemia. Question: Can these conditions be added
together? I belleve so since pyemia is defined as septicemia
accompanied by multiple abscesses. In an animal with septicemia,
the blood stream is invaded by a virulent microorganism and
infection is spread throughout the whole body. Typically the
animal experiences chills, fever, prostration, and often the
formation of secondary abscesses in various organs, This
infection 1s called blood poisoning in the popular jargon. FSIS
inspectors removed from the human food chain an average of 17,695
septicemic cattle amd 3,559 septicemic calf carcasses annually
from 1977 to 1981. 25/

25/ Ideally we would like to know the change in the number of
septicemlc cattle entering the human food chain with, and then
without, Federal inspection. It may be that the actual number of
condemnations is toc low a number because currently some animals
may be screened amd held back from shipping to the slaughterhouse
because there 1is a high probability of comdemnation by Federal
inspectors; amd thus in the absence of Federal inspection more
septicemic cattle would enter the slaughterhouse. On the other
hard it may be that the actual number of comdemnations without
Federal inspection might not increase as much as would be antici-
pated because elther State or imdustry self-regulation in the
absence of Federal inspection could result in approximately
the same number of removals. )
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Unfortunately laboratory analyses of these condemned car-
casses are not done to identify the organism causing the septicemic
condition of the animal. However, another data source 1s avallable;
the American Veterinary Medical Data Program which computerizes
the medical records of animals brought to the clinics or hospitals
of the participating veterinary colleges. Escherichia coll was
"identified as the causative organism in 582 of the 257 septicemic
cattle examined during 1974-79. 26/ Can it be safely assumed that
the causes of septicemia are the same for beef and dairy cattle
seen at the 15 veterinary schools putting their data into this
computer as for beef and dairy cattle moving through commercial
channels? 27/ Can it be then assumed that 58% of the septicemic
cattle condemned by Federal inspectors are suffering from E. coli
invasion of the blood stream?

The Animal/Human Disease Linkage. It is known that strains of
E. coli in cattle and calves can cause human disease and human
volunteers have become 111 after ingesting E. coll strains from
both animal and human origins [96, pp. 219-221]. A survey of 400
calves from separate farms located over a wide area of Englamd
and Wales identified 94 E, coll strains [56, p. 317]. Other
researchers have determined that 36 of these 94 strains have
been implicated in human disease encompassing a wide clinical
spectrum ranging from severe diarrhea to cholera-like illnesses
to fatal septicemic infections [100, p. 334]. (See appendix D
for further identification of serotypes.) The people affected
included essentially all age groups from the nursery to geriatric
populations. E. coli can cause human disease by at least two types
of mechanisms: (1) production of toxins or (2) E. coli penetration

27/ The remaining 42% of the septicemic beef or dairy cattle had

unidentified or wide ranging causative organisms: Clostridium
perfringens infection, pneumonia caused by Salmonella, anaphylaxis,
streptococcus, and pasteurellosls to name a few of the diagnostic
conditions and /or organisms [1].

28/ The veterinary medical colleges see both dairy and beef,
cattle, however their average age may be greater than the average
age of cattle sent from the feedlots to the slaughterhouse.
Evidence for younger animals, however, indicates that E. coli is
common and the primary cause of calf diarrhea called calf scours:

"Due to the ubiquitous nature of Escherichia coli, there
has been some question as to whether it 1s a secondary
invader or the primary pathogen. It is now generally
believed that the condition [white scours of calves] is
produced by certain serotypes of E. coli™ [75, p. 47].
And Amstutz states:
"I believe that E. coli is responsible for more than 90%
of the cases of infectious calf diarrhea in midwestern
United States, that S. typhimurium causes approximately
5%, and that other microorganisms are responsible for the
remainder” {3, p. 690].
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of the intestines and absorption into the blood stream which
enables it to move throughout the body and invade other organs and
create abscesses. 28/ (See table 9 for the pathways E. coll can
can use to infect humans}.

The Infective Dose. Studies with human volunteers have

- shown that ingestion of 106 to 1011 E. coli cells is sufficient
to colonize the human intestinal tract [96 pp. 218-221]. This
colonization may last for a few days to several months., Ingestion
of both animal and human serotypes resulted in the volunteers
having typical disease symptoms. Generally, the greater the
numbers of E. coli ingested, the more severe the illness.

Given that the septicemic animal has the pathogens in the
circulatory system, contamination of all the meat tissue appears
probable [117 pp. 604-605]. Thus the E. coll appear to be
spread throughout the body and it seems likely that an infective
dose could occur in a typical 3 ounce serving of septicemic meat,
unless the invasive E. coll were destroyed by cooking the meat
well domne.

Cross Contamination. Not only do we need to examine the
potential human health risk of consumption of septicemic meat
which has been grossly contaminated with E. coli, but we also
need to examine the possibilities of cross contamination from
this meat to other meat in the slaughterhouse, the processing
plant, and of other foods in the home., E. coli has been fourd
to be widespread in the slaughterhouse where it has been found on

ggf'“Certain strains of E. coli can cause enteric disease in man,
either by elaborating a cholera-like enterotoxin or by penetrating
the intestinal epithelium as Shigella does. Enterotoxigenic
strains cause mild to severe diarrhea (rice-water stools) with
profound dehydration and shock without fever. The diarrhea
usually ceases within 30 hours. When studied in human volunteers,
illness of the toxigenic type developed 8 to 44 hours (mean 26
hours) after challenge with 1019 cells, Enterotoxigenic

strains colonize the upper gut and elaborate an enterotoxin.

This toxin exerts its effect on epithelial cells, causing secretion
of salt and water into the lumen, which results in diarrhea.
During the patient's recovery, toxigenic strains are cleared

from the small bowel. They can continue to colonize the large
intestine, but they cause no effect on the mucosa of the large
intestine. The patient remains an asymptomatic carrier, however,
as long as these organlsms stay in the large bowel.

Invasive strains cause a febrile 1llness with chills, fever
as high as 40°C, headache, myalgia, abdominal cramps, and profuse
watery diarrhea. The invasive strains can also cause hypertension,
systemic toxemia, and tenesmus; the feces sometimes contain blood,
mucus, and abnormal numbers of epithelial cells. When studied in
human volunteers, 1llness of the invasive type developed in 8 to
24 hours (mean 11 hours) after challenge with 108 cells” [96,
pp. 218-219].
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TABLE 9: PATHWAYS OF HUMAN EXPOSURE TO E. COLI SEPTICEMIA

I, Direct contact with live animal
o Animal bite

o Contact with the skin, fur, tall, etc. and microorganisms
fourd there

II. Indirect contact with the live animal

0 Aerosol contamination of the bar
legionnaire's d1isease)

air system (e.g.

¢ Contamination of the walls, r, gates, etc.
o Animal refuse (manurd)

o0 Fliesg or fleas bit
humans and transmitii{ng

infected animal amd then biting
sease (malaria, bubonic plague)

ITI. Direct contaminatio y tlie carcass

0 Some organisms penetrate the skin of personnel hand ling
meat (e.g. toxoplasmosis ard bovine leukemia virus)

o Entry of orggni through cuts and knicks on the hand of

slaughterho ocessing plant workers
IV. Indirect cpntamination the carcass
o Aero cgntamination when the carcass is cut up amd/or
slapped the counter, thereby releasing pathogens

with knives, wiping cloths, sinks, ete. where
ns have been deposited

rcass contaminating other carcasses in the slaughterhouse
at products in the processing plant

o Other raw or cooked foods in the kitchem or a private home
or commercial feeding establishments

VI. Consumption of meat and meat products
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the floor, instruments, sinks, as well as the meat at all stages
in preparation. Thus E. coli survive in the slaughterhouse
environment. Furthermore, "serotyping suggested that there was
a considerable Interchange of E. coli between carcasses” [1_07,
p» 227). E. coli are frequently found on the hand s and under
the fingernails of food handlers and butchers. 29/

Researchers also believe that “E. coli can be and are
transferred on many occasions by the hand s from raw to raw and
from raw to cooked or processed foods"” in the kitchen of a
hospital, restaurant or home [92, p. 680]. Researchers in Maine
routinely examining ground beef have noticed an increase in
contamination during the past 20 years and now most hamburger
contains coliforms, including E. coli:

“"During the middle 1950's through middle 1960's if one
purchased ground beef from a reputable source the samples
were usually free from or low in coliforms. From the mid
1960's to the present time, with all the modern facilities
used for processing ground beef, the microbial flora has
changed and most of the samples contain coliforms. The
total count has also increased materially. Recent studies
indicate that between 80 and 100% of the groumd meat
sample s contain coliforms amd 507% contain Salmonella
species [16, p. 1]."

Obviously, if there were no federal meat inspection removing
septicemic carcasses from the human food chain, then the problem
of slaughterhouse contamination with E. coli amd contamination

of the meat would be much more severe. Diarrhea is not commonly
assoclated with meats in the public mind. However, a large number
of such cases in the 1880's in New York City prompted veterinarians
to set up the first public health system in the New York City
health department [105].

Bryan, Ayres and Kraft found that cross-contamination during
processing in a turkey plant more than doubled the percentage of

29/ Horwood amd Minch in their 1951 study of 34 food handlers
found E. coli on 12 (387) of the hands tested [55]. Pether amd
Gilbert isolated E. coli from the fingertips of 13 (12%) of the
110 butchers soon after leaving duty and state “the difference

in the isolation rates of E. coli is probably attributable to the
fact that the butchers hands are continuously exposed to con-
tamination from the meat they are handling. The isolation rates
from the butchers would probably have been much higher if a finger
rinse technique would have been used instead of the finger
impression technique and if sampling had been done immediately
after the butchers had left the meat line [92, p. 679]. And
another study of calves suffering from septicemia, 77 strains of
E. coli were isolated from the air, wall and floor surfaces,
overalls and hands of caretakers [6].
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samples contaminated with salmonellae: “These organisms were
isvlated from swab samples from 12 percent of chilled, eviscerated
turkey carcasses, 27 percent of finished products, and 24 percent
of processing equipment” {15, p. 1]. A study in Holland of sixty
families preparing a frozen chicken contaminated with E. coli Ky
fourd that "In a number of kitchens, after rinsing amd washing—up,
-the cutting board, sink or dishcloth were still contaminated 30/...
it can be concluded that a cross—contamination with E. coli Ky,
could easily occur in these kitchens. The organisms survived for a
long period on various surfaces in the kitchen, so that the fried
chicken or other food could be contaminated again” [30, p. 30]. I
believe that assuming cross-contamination will double the number
of human cases of disease 158 a conservative estimate for E. coli,
particularly since it persists in the slaughterhouse and kitchen.
Cross—contamination then doubles the total number of potential
cases of human infection.

Benefit Estimation. Estimation of the total benefits gained
by avoidance of human disease through consumption of septicemic
meat contaminated with E. coli or human contact requires a series
of assumptiona, and it is these assumptions that determine whether
or not the estimated results are reasonable. An average of 17,695
cattle and 3,559 calves were condemned for septicemia annually
from 1977-198l1. Ideally we would like to have data on the orga-
nisms responsible for disease in the condemned animals., But these
animals are not sampled for microbiological assessment. Conse-
quently, our only alternative 18 to use a substitute data source.
The American Veterinary Medical Data Program provides a much smal-
ler sample of animals, but does identify the causes of septicemia
in beef and dairy cattle examined at clinics and hospitals of
the veterinary schools. This sample's findings should be similar
to those which would be fourd with a correspomiing examination
of commercial cattle entering the slaughterhouses.

In the veterinary schools, E. coli caused 58 percent of the
cases of septicemia and if this ratio is applied to carcass
comdemnations for septicemia, then 10,263 cattle carcasses and
2,064 calf carcasses contaminated with E. coll are removed
anmually from the human food chain.

By using some typlcal conversion ratios shown in table 10,
I estimate the servings of meat from a carcass that actually
reaches the dinner table, The average cattle carcass yields
1,380 servings and the average calf carcass ylelds 395 servings. 31/

30/ After rinsing, 77 percent of the cutting boards amd 72 percent
of the other items (plate, dish, strainer, etc.) sampled were
contaminated [30, p. 29].

31/ 1 assumed that, on average, each serving is eaten by different
individuals. In reality, some servings may be used in casseroles
or other dishes where several people would share the serving of
meat and all could potentially contract disease. 1In other cases a
family might buy a roast or multiple servings of hamburger and

serve the same food & couple of nights in a row so that the same
imdividuals would be exposed to the same health hazard on consecutive

day.
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TABLE 10: AVERAGE NUMBER OF SERVINGS OF MEAT PER CALF OR CATTLE
CARCASS AND THE ANNUAL NUMBER OF SERVINGS POTENTIALLY
CONTAMINATED WITH E, COLI FROM SEPTICEMIC CARCASSES

Beef/ Veal/
Cattle Calves
a. Ratlc of dressed weight to live weight .59 .56
b. Ratlo of retail weight to dressed weight .74 .83
c¢. Ratlo of cooked weight to retail weight .62 .69

d. =a xbxc¢ Percent of carcass live
welght reaching the dinner table as
lean ad fat (no bone) .27 .32

e, Average carcass live weight (pounds) 1,024 247

f. =d x e Cooked weight or lean and
fat on the dinner table (pounds) 276 79

g. Number of servings per pound of
cooked fat and lean 5 5

th, =f x g Number of servings per
: animal 1,380 395

1. DNumber of animals condemmed for
septicemia annually, 1977-1981 17,695 3,559

j+» =hx i Number of servings of
meat potentially contaminated
with E. coli 24,419,100 1,405,805

Sources: {(a), (b), and (e) from [143, pp. 6 and 16].

(¢) from [154, p. 311, ~—

(g) from [42] showing about 10% of meat emds up as
plate waste and [154] showing a cooked serving of
meat 15 slightly less than 3 oz.

(1) [153, 1977-1981.]
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The next coneideration is whether the pathogens would be
destroyed during processing or by cooking. Pickling the meat by
turning it into corned beef does not eliminate E. coli or other
pathogens. Dempster, Reidy and Cody reported that "curing brines
used In retail shops and supermarkets to produce corned beef were
a potent source of contamination" [29, p. 815}. Freezing is also
.-not a panacea. Mackey, Derrick and Thomas reported that E. coli
cells frozen on beef at -20°C declined "only slightly in seven
months and few survivors were injured” [79, p. 322]. At -53°C
E. coli destruction was greater: "viability declined more rapidly
and over 90% of survivors were injured after five months™ [Ibid].

Furthermore, E. coli contamination of hamburgers increases
during refrigerated storage (Table 11). Kotula et al purchased four
samples each from three meat wholesale distributors and reported the
following increase in coliforms for up to 12 days of refrigeration
which 18 the maximum storage time for patties "normally...presented
to consumers” [69, p. 56].

TABLE 11: MEAN COLIFORM COUNT PER GRAM OF UNCOOKED BEEF PATTIES FROM
THREE MEAT WHOLESALE DISTRIBUTORS 1/

Days of
Refrigerator : Di stributor
Storage :
{(4°C or 39°F) : 1 : 2 : 3
1 2,400 500 1,700
5 : 9,200 1,400 180,000
12 + 1,800,000 1,400,000 320,000

1/ To translate these numbers to a per serving basis,
multiply by 114. (The typical cooked hamburger serving
is three ounces, or four ounces uncooked, and there are
28.4 grams in an ounce (4 x 28,4 = 114).

By the fifth day, the average of the four samples from distributor
3 contained an infective dose (106 organisme) 1f consumed raw and
distributor 1 was borderline infective. By day twelve, samples
from all distributors were infective. The counts of E. coli in
septicemic meat would start at an infective dose and increase to
higher levels during marketing and home storage.

Cooking destroys E, coli, although they are “not completely
destroyed until the meat 18 cooked well done. The greater the
initial load of E. colli the longer the cooking time to kill all
of them” [16, p. 6]. And even well done frozen or partially
defrosted hamburger patties may have "little or no visible change
in the coloration of the center meat” [122, p. 473]. In beef
consumed rare, invasive E. coli pathogens would survive {16, p. 6].
It is assumed that 17 percent of a beef carcass is consumed
rare—~half as hamburgers and half as steaks and high quality roasts.
Cooking would destroy E., coli in the remaining 83 percent of the
potentially infective servings, further reducing the potential
cases of human illness.
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E. coli can cause a variety of diseases in humens ranging
from severe diarrhea to urinary tract infections to fatal
septicemia. E. coli is one of the “"commonly encountered pathogens”
causing septicemia in humans [6, p. 5]. The data on which strains
of E. coll cause which types of disease are unclear. Consequently,
there does not appear to be agreement among microblologists about
.how to classify and serotype E. coli according to & schema relevant
for human disease consequences. Perhaps the diverse disease
outcomes of serotypes is because plasmids are linked with disease
and these plasmids can be transferred among serotypes {115, p.
103].

While clearly there is a relationship between animal and
human diseases caused by strains of E. coli, that relatiomship
is not readily quantifiable. The data in appendix D indicate
that of 94 E. coli O-serotypes found in healthy cattle and calves,
36 are capable of being pathogenic to humans——yet this information
ig not a full catalogue of E. coli serotypes and furthermore does
not tell us anything about the distribution of serotypes among
cattle and calves condemned for septicemia. Nevertheless, if
one conjectures that this ratio (36/94) of human pathogenicity
would apply to the inspected septicemic carcasses, then 38 percent
of the E. coli strains causing septicemla in cattle and calves
would also cause human disease. 31/ This is the weakest 1iink in
the analysis. There 1s no way of knowing whether or not the 38
percent assumption is reasonable. 1In fact, future research may
find that while the cattle/calf amd human strains have the same
O-serotype, pathogenicity may be caused by untested properties
that may differ among humans vs. cattle and calves. 1f this
were found to be true, it may be that there i1s no disease cross-
over from cattle to humans and eating septicemic meat would not
cause human disease. The lower bound of our range then assumes
a zero probabllity of human infection; and the upper bound is a
38 percent likelihood of human infection.

Then the question becomes: "What kimd of human illnes?”
Diarrhea is the least serious disease outcome and is used to
develop the "cost of illness” avoided by inspection for septicemic
cattle and calf carcasses. A study by the Centers for Disease
Control (CDC) in Atlanta estimated that the average per person
cost of diarrhea caused by salmonellae in a Colorado outbreak was
$646 in 1976 (table 12). Assuming that the diarrhea caused by
E. coli affects people similarly and uplating the costs to

3_%/ An Indian study of animals (cows, calves, buffaloes, buffalo-
calves, goats and kids) with sporadic cases of gastroenteritis
identified 153 strains of E. coli. These strains fell into 38
"0" groups: 7 pathogenic to humans as well as animals and 31
pathogenic only to animals. "The proportion of human pathogenic
"0" groups isolated from cows and calves was the highest,"” 5 out
of 13 or 38 percent [174, pp. 200, 203].
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TABLE 12: POTENTIAL-RELATED COSTS ASSOCIATED WITH DIARRHEA

Average Cost Per Person
1976 prices : Updated to
: 12/81 prices a/

Medical costs, total $ 441.88 $ 740.00
Physician office fee 39.03
Emergency room 16.88
Medication 9.56
Hospitalization 376.41
Income or productivity loss 170.24 254.00
Mi scellaneous 33.71 56.00
Total 645.83 1,050.00

a/ Not all persons incurred costs in each category, thus
the average costs are below those actually incurred by an
imdividual since costs are averaged over the total number
of cases.

The 1981 prices ad justed upward using imdexes publi shed
by the Bureau of labor Statistics. The medical costs are
updated using the December 1981 medical care component in
the Consumer Price Index (CPI) compared to its 1976 value.
The income or productivity loss are updated by the December
1981 gross weekly earning for private workers compared to
the 1976 value. The miscellaneous value is updated using
the all items CPI values.

Source: [_2_}_]
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December 1981 dollars, medical costs would average $740 per

case, costs which are dominated by the costs of hospitalization
for the 29 percent of those ill who are hospitalized. The income
or productivity loss average $254 per case. The total cost per
case (which includes miscellaneous items) is $1,050.

Conclusion. The relationship between animal and human
disease is not thoroughly researched for the numerous strains of
E. coli, and even more basic is the lack of consensus on the
relevance of serotyping or identification of plasmids to disease.
Nevertheless, I did attempt to estimate the human health outcome
from consumption of domestically produced beef that would enter
the human food chain in the absence of Federal Meat Imspection
for septicemia.

First, it was assumed that the septicemia was caused by E. coli
58 percent of the time (table 13). Second, the type of E. coli
causing septicemia in beef animals could also cause human disease
from an assumed 38 percent of the time (high estimate) to zero
percent of the time (low estimate). The third assumption is
that 83 percent of the time the meat would be so well cooked as
to destroy the E. coli and that the pathogens would survive in
an infective dose only 17 percent of the time., Multiplying these
three factors together yields a probability of human infectionm
for the high estimate of 3.7 percent [0.03747 = (58 percent) x
(38 percent) x (17 percent)]. The annual number of beef amnd
veal servings removed from the human food chain for septicemia
total 25.8 million which is doubled by cross-contamination to
51.6 million servings. Multiplied by the 0-3.7 percent incidence
of human illness ylelds an estimate of O to 1.9 million cases of
human illness annually. The cost per case was estimated as
$1,050 (table 12) and yields an estimate of 0 to $2.0 billieon
(for the annual cost of illness avoided). Given the tenuocus amd
tentative nature of the estimates, the only clear message to
admini strators and researchers is: “collect more data and develop
more extensive and reliable data series,” for example, more
laboratory research with respect to disease transmission between
animals and humans.
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SUMMARY OF ESTIMATED BENEFITS FOR REMOVAL OF

SEPTICEMIC BEEF FROM THE HUMAN FGOD CHAIN

ASSUMPTIONS

ESTIMATES

I.

II.

III.

Iv,

V.

vI.

VII.
VIII.

IX.

Number of animals afflicted

and cross-contamination
likely

Causative organism

Animal/human d1isease

linkage, i.e, likelihood
that the animal pathogen
is also a human pathogen

The infective dose when
contact occurs directly
or indirectly in each of
the possible ways

The effect of cooking or
other types of processing
and preparation on the
likelihood of pathogen
survival

Likelihood of humans
becoming 111 through con~
sumption of meat, contact
with the animal, etc.

Costs of medical treament
Wages or productivity lost
through illness or death

Unmeasurable unmonetizable
costs such as the pain or
suffering of 111 person as
well as pain and suffering
of third parties such as
spouses

a8 43 #s ss we ew wn ev ew

LT

. st 04 =s s we ws

LY BT )

Cattle and calves currently
condemned for septicemia

would be 25.8 million servings
of meat if allowed to enter the
human food chain. Cross-
contamination doubles the cases
of human 1llness.

E. coli in 58% of septicemic

cattle at veterinary colleges

Range of 0-38% based on sugges—
tive, but insufficient studies

Contained in 100% of servings--
106-1011 pathogens needed and
would be found in each
septicemic serving

17% of meat is cooked rare ard
would contain pathogens

VI = II x III x IV« V. O0O-3.7%
persons eating septicemic meat
would become 1ill

least severe illness i1s diarrhea

: and a salomonella outbreak
: causing diarrhea costs $1,050
: in current dollars per person

=2 ne =e

*e es w2 we

No estimate made
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SUMMARY

These three diseases were chosen for a number of reasons
{Table 14). First, scanty as the epidemiclogial linkages may
seem, these diseases were the easliest to make linkages from
animals to humans which meant that the inspection reporting form
hal to list the comdition as a separate category aml that the
" scientific data were sufficiently rich. Secomd, z2ll three disease
coditions are, or were, important in terms of their prevalence

in animals. Third, each represents a different type of human
health hazard. Tuberculosis is caused by a bacterium amd is
transmitted through the air from the live animal or its carcass
to farm families, slaughterhouse workers or processing plant
workers. Taenia saginata 1s a parasite and human tapeworm infec-
tions come from eating a live larva imbedded in muscle tissue.
Septicemia caused by E. coli, another bacterium, probably can be
transmitted to humans through consumption, contact, cross-contam-
ination of other foods, etc. The epidemiology is still sketchy
and the pathogenic characteristics of E. coli are not well under-
stood. Last, none of the three animal diseases are easily prevent-
able.,..while we can treat TB ard tapeworm in humans, there is no
effective treatment or vaccine for cattle. (While some new
vaccines for calf scours caused by E. coli have been marketed in
the last couple of years, it 1s not clear whether the vaccine
would have any effect on the E. coli causing septicemia.)

Because of the wide range of the estimates, definitive con-
¢lusions about the cost effectiveness of the present meat inspec-
tion system, costing somewhat over 300 million Federal dollars,
cannot be drawn. However, the data do suggest that some Federal
effort i8 cost effective:

o There are a wide variety of viral, bacterial amd parasitic
infections that are common to animals and humans and can
probably be transmitted from food animals to humans
(appendix A),

o The multiple stages required to prepare meat for retail sales,
and the inability to consumers to individually identify meat
and poultry products that are free of infectious or toxic agents
together provide the opportunity to compromlse product
quality, an opportunity particularly attrative when costs must
be cut.

o The high and the low estimates for just these three diseases
do bracket the total costs of the Federal inspection program,
which suggests a more complete accounting of the human disease
prevention consequences of Federal inspection would be signi-
ficantly greater than program costs.

There are three types of limitations of the research findings
in this paper. First, as has been discussed throughout the
paper, the scientific data base is still being developed on
epidemiology and what characteristics of what organisms are
pathogenic to humens and animals under what conditions.
Some of the data are excellent while other data are still in the
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TABLE 14: PARTIAL ESTIMATICN OF BENEFITS OF FEDERAL
MEAT INSPECTION

Source : Low High

Million dollars

Human d 1 seases avoided:

Tuberculosis : 16.4 154.6
Beef tapeworms ; 49,1 49,1
E. coll diseases ; _0 2,000,0

65.5 2,203.7

Total
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formative or discovery phase which makes it difficult to quantify
the human health risk of diseased or contaminated animals.

Second , benefit/cost analysis itself has limitations. This
application requires "guesstimating™ what would have occurred if
the program had never been implemented. We are comparing an
actual state of the world with a hypothetical one. In this
paper I estimated the incidence of cattle with tuberculosis and
tapeworm larvae that would have entered the human food chain in
the absence of Federal meat insgpection.

Further, benefit/cost analysise tries to measure things and
unmeasurable items such as the pain and suffering of the i1l
persons are left out, thus the estimates are underestimates.
However, unmeasurable things can be catalogued and the reader
left to gauge their importance.

Third, this analytical effort only examines three diseases.
Other actual or hypothetical inspection procedures are not evaluated
to see if they would have higher human health protection benefits.
This report is not an overview of the whole meat and poultry
inspection program, but only a partial examination. Also, the
impact on the industry has not been discussed. While inspection
may reduce disease and thereby increase the overall healthfulness
of the animals, the inspection process itself may impose costs on
the industry such as carcass condemnations or reducing the flexi-
bility of plant hours and procedures. We know industry reimburse-
ments to FSIS for inspector overtime. In 1967, reimbursements were
$14 million; in 1974, $23 million; in 1978, $26 million; in 1979,
$31 million and in FY 1982, $33 million [4]. Another consideration
1s that the public confidence in the healthfulness of meat is probab-—
ly enhanced by inspection ard thus meat consumption is higher than
otherwise, How these forces balance out i1s a question that remains
to be aldressed.
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APPENDIX A: DISEASES COMMUNICABLE FROM ANIMALS TO HUMANS

Infecticn Agent n:::::n Camamon non-human hwuhnh ey Seriousnems of infaction
1D man
Yiral infections
Contagious ecthyma Vin Contact | Bheep Sporadic | Mild
Cowpox and pseudocow- | Viruses Contact | Cattle Common | Mild
pox
Encephalomyocarditis Picorns virus Vehicle | Rodents, swine, pri- Bporadic | Berious
, mates
Foot-and-mouth disease | Picorna virus Contact | Bheep, cattle, swine, Bporadic | Mild
wild marmmals
Influensa and parain- Type A influensa virus Contact | Bwine, fowl, horsea Common | Serious
fluenss Type D influensa virus Contact | Rodents
{Bendai)
Lymphocytic choriomen- | Virus Rodents Bporadic | Berious
ingitis
Newcastle disease Virus Contact | Fowl, wild birds Bporadic | Mild
Paittacosis-ornithosis Bedaonia virus Contact | Fowl, wild birds Sporadic | Sometimes fatal,
ugually mild
Rabies Virus Contact | Dogs, wild mammals | Bporadic | Fatal
Bimian herpes (B virua) | Virus Contact | Primates Bporadic | Serioua
Vesicular stomatitist Virus Contact | Cattle, horses, swine | Bporadic | Usually mild
and
m-
chani-
cal
vector
Catacratch fever Virua (?) Contact | Cats Common | Mild
®
Smallpox* VYirus Contact | Primates Sporadic, | High mortality
eommon
locally
Poliomyelitis* Virus Vehicle | Primates Common | Usually mild
Salivary gland virus Virus Contact | Monkeys, rodents Bporadic | May be sericus
()
Respiratory syncytial Virus Contact | Primates Common | Mild
infection {chimpanzee
coryea)
Pseudorabies Virus Contact | Swine, rodents, cattle, | Rare
(?) sheep
Reovirus infection Reovirus Contact | Primates, cattle Sporadic | Mild
Rickettsial infections
Q fevert Coziella burneiti Vehicle, | Bheep, tattle, wild Common | Berioua
contact! mammals
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, - alence Seriousness of infecti
Inincion e Moseot | Commmnonime | P o ghinecin
Bacterial infections
Anthrax Bacillus anthracis Contact | Cattle, horees, swine, Bporsdic | High mortality
sheep
Brucellosis Brucells abortus Vehicle, | Cattle, sheep Sporadic | Serious
contact
B, melilensis Vehicle, | Bheep, goats Sporadic | Berious
econtact
B. suiz Vehicle, | Bwine Sporadic | Berious
eontact
Salmoneliosis Salmoneila spp. Vehicle | Fowl, rodents, swine, Common Berious
poikilotherms
Btaphylococcoais Staphylococcus app. Vehicle, | Dogs, other animale Common | Serious
sontact
Streptococcosis Sireplococcus 8pp. Vehicle, | Cattle, dogs Common | Serious
contact
Caolibacilloais Escherichia spp. Vehicle | Catile, swine Common | Berious
Erysipeloid} Erysipelothriz insidiosa Contact | Swine, fowl, fish (1) Bporadic | Berious
Glanders Actinoboriliua mallei Contact | Horses Sporadic | Berious
Leptospirosis Leptospira app. Vehicle, | Dogs, cattle, rodents Sporadic | Berious
contact
Listerionis} Listeria monocylogenes ) Cattle, sheep, fow! Gporadic | High mortality
Klebatella infection® Kletsiella pneumoniae Contact | Cattle, dogs Common | Serious
Melioidosis Paeudomonas peeudomallei | Vehicle, Rodents Bporadic | Serious
eontact
Pasteurellosis Pasteurella muliocida Contact | Cattle, horses, sheep, Sporadic Bericus
swine, dugs, cats
Paeudotuberculosis Pasturella preudotuberculo- | Contact Rudents Bporadic | Serious
s
Rat-bite fever Spirillum minus Contact | Rodents Sporadic | Serious
Streptobacillus moniliformia | Contact | Rodents Sporadic | Serious
Tuberculosis Mycobacterium tuberculosis | Vehicle, | Cattle Common Serious
boris " contact
M. . hominis® Vehicle, | Cattle, dogs Common | Serious
contact
M. L. gvium Vehicle, | Fowl, swine Bporadic | Serious
contact
Tularemiaf Francisella tularensis Contsct | Wild mammals Sporadic | Serious
Vibriosia Vibric fefus Cattle Bporadic Seripus
Tetanus Clostridium teiani Vehicle | Horses Common | High mortality
Bacillary dysentery* Shigella spp. Vehicle | Dogs Common | Serious
Dipbtheria® Corynebacierium diphitheriae Vehicle Common | Sumetimes serious,
usually mild -
Fungal infections
Ringworm Microaporum spp. Contact | Dog. eat Common | Serious )
Trichophyton app. Contact | Cattle, horse Common | Serious
Candidiasin® Candida albicana Contact | Fowl Common | Serious
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Unectin Amat W] Commr | PRI | S
Protozoal infections
Balantidiasis Balantidium coli Vehicle | Bwine Sporadic | Seriyus
Amebisais® Entamoeba Adstolyiica Vebhicle | Dog, monkey Common | Sumetimes serious,

usually mild
Toxoplasmoais Tozoplatma gondii @) Mammals Common | Sometimes serious,
usually mild
Nossmoais Encephalitozoon (Nosema) @ Rodents Rare Berious
‘ cuniculs
Pneumocysiia infection Preumocystis carinii ) Dog Locally Berious
common
Barcosporidiosis Sarcocystis spp. () Cattle, rodents, wild | SBporadic | No disease
: birds
Giardiasis Giardia lamblia Vehicle | Primates Sporadic | Sometimes serious
Todamoeba infection Todamoeba bulchlii Vehicle | Primates, swine Bporadic No disease
Cestode infections
Hymenolepiasie Hymenolepis nanat Vehicle | Rodenta Common | Mild
Nematode infections
Trichinoais Trichinella spiralis Vehicle | Bwine, rodents, foxes, | Bporadic Serious
dogs, other wild
animals

Arthropod infestations
Beabies Sarcopies scabes (other Contact | Horse Sporadic | Sometimes serious

mites)

* Organism isolated [rom other species, but presest evidence suggests that man is the sole or most important reservoir of

buman infection.

t Alsc » mets-soonosis.

$ Posnibly also a sapro-soonceis.

SOURCE:

Wilkins Co., Baltimore, Maryland].

[106, pp. 232-35, pPermission for reproduction granted by Williams &
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APPENDIX B: AGE DISTRIBUTION OF 10,000 DEATHS AND PRESENT
VALUE (PV) OF LIFETIME EARNINGS AND HOUSEKEEPING
SERVICES DISCOUNTED AT 10%Z FOR 1977 AND 1981

MEN : WOMEN

AGE ; : : : : :

: Number : PV 1/ : : Number : PV :

: $000 ; $000
0~4 ; 39 50.6 1,973.4 ; 24 44.2 1,061.0
5-14 ; 12 91.6 1,099.2 ; 9 80.0 720.1
15-24 ; 51 172.9 8,817.9 ; 33 138.5 4,570.8
25-44 ; 609 213.3 129,899.7 ; 321 137.2 44,055,0
45«64 ; 2,437 108.7 264,932.4 ; 1,041 83.1 86,524.8
65 + ; 3,651 7.8 28,322.3 ; 1,773 23.6 41,874.7

GRAND TOTAL: $613,851,300 for 10,000 cases
Average loss per death in 1977 dollars = $61,400
Average loss per death in 1981 dollars = $92,000

1/ Standard human capital estimates based on the present value of both
expected lifetime earnings and housekeeping services; a real discount rate
of 10 percent; and an annual increase in labor productivity of 1 percent.

*Adjusted by the percentage increase in the CPI (Consumer Price Index) for
1981 vs. 1977,

Sources: (31, 71, 156].
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APPENDIX C: AGE DISTRIBUTION OF 10,000 DEATHS AND THE ALTERNATIVE
ESTIMATE OF THE VALUE OF LIFE, 1977 AND 1981 DOLLARS

MEN : WOMEN

AGE : : :
Number 1/: PV 2/

. we

: Number 1/: PV 2/

; $000 : $000
0-4 : 39 695 .4 27,121 ; 24 475.3 11,407
5-14 2 12 810.5 3,726 : 9 553.3 4,980
15-24 ; 51 952.6 48,583 ; 33 625.2 20,632
25-44 : 609 824 .5 502,12} : 321 498 .3 159,954
45-64 : 2,437 315.6 769,117 i 1,041 235.9 245,572
65 + i 3,651 19.4 70,829 ; 1,773 52.1 92,373

GRAND TOTAL: $1,962,415,000 loss for 10,000 deaths
Average loss per death in 1977 dollars = 5196,242
*Average loss per death in 1981 dollars = $294,363

1/ [156]

2/ Adjusted willingness-to-pay human capital estimates based on the present
value of both expected lifetime after-tax income and housekeeping services
(where income is estimated from earnings by using the ratio of disposable
income to wages and salaries equal to 1.33), an after-tax real rate of return
equal to 3 percent; an annual increase in labor productivity of 1 percent; and
a risk-aversion premium of 1.,6. [11]

* Adjusted by the percentage increase in the CPI (Consumer Price Index) for
1981 vs, 1977. :
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APPENDIX D: E. COLIL O-ANTIGEN TYPES FROM CALVES AND
WHETHER THEY HAVE CAUSED HUMAN DISEASE

Human Disease

Calf O-type : Unspecified : Diarrhea : Invasive

Illness : Infant : Adult : Dysentery : Septicemia

yes yes
yes yes

yes

yes yes yes yes
yes yes
yves yes

yes yes
10 yes

11 yes yes yes

OO0~ hin B~

15 yes yes yes
i6 yes

17 yes

18 yes
20 yes yes

22 yes
23 yes

25 yes yes yes
26 yes yes

44 yes

50 yes

75 yes yes
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: Human Disease

Calf O-type : Unspecified : Diarrhea : Invasive
: Illness : Infant : Adult : Dysentery : Septicemia

76

77 .
78 yes yes yes
80

82

83

84

86 yes yes

88

89

90

91

99

101 yes

102

103

104

105

107

108

109

110

111 yes yes

113

114 yes

115 yes yes
117

1138 yes

119 yes

120

121

123

124 yes yes yes
125 yes yes

126 yes yes

127 yes yes

128 yes yes yes

131

132

134

135

138

141
143 _ yes
144 yes
145

146

149 yes

153

Source: [56, p. 324; 93, p. 791; 96, pp. 218-19; 86, p. 204; 117, p. 606,
92, p. 631].
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APPENDIX E: THE LETHALITY FOR CHICKENS AND MICE OF BACTEREMIC STRAINS
OF E. COLI FROM DIFFERENT SOURCES

: Number of : ‘Number Lethal
Source of E. coli : Strains H
Tested : Chickens Mice
Human ** : 45 27 36
Chicken : 40 39 -
Calves and Lambs : 14 13 -
Total : 99 79 36

* Chickens received 0.3 ml volumes of a broth culture intravenously

and mice 0.05 ml intraperitomeally.
** Bacteremia or meningitis.

Source: [l15, p. 98].



(1]

- [2]

(3]

[4]

{5}

[6]

{71

(8]

(9]

[10]

[11]

[12]

(13}

-59.-

REFERENCES

Adams, B.,W. & G,C, Mead. “Comparison of Media and Methods
for Counting Clostridium perfringens in Poultry Meat and

Further Processed Products.” Journal of Hygiene, Cambridge.
84 (1980) 151-58.

American Veterinary Medical Data Program. "Causes of Septicemia,
1974-79." Unpublished computer run. Jan. 19, 1981,

Amgtutz, H, E, "Neonatal Diarrhea (White Scours, Coli-
bacillosis, Calf Septicemia, Infectious Diarrhea).” Bovine
Medicine and Surgery. W. J. Gibbons, ed., 1970.

Aston, Mary Claire, Thane Culver, Rita Davis and John Mazaitis.
(Budget Division, Food Safety and Quality Service, U.S.

Dept. of Agriculture) Working sessions with Tanya Roberts,
Oct. 10 and 14, 1980.

Babcock, G. F., D. L. Berryhill, and D. H. Marsh. "R-Factors
of Eacherichia coli from Dressed Beef and Humans,” Applied
Mecrobiology, Vol. 25, No. 1 (1973) 21-23.

Balteanu, Ecaterina, and Others. "New Aspects of the
Colibacillary Toxico-Septic Syndrome in Calves and the
Pogsibilities of Transmission of the Infection in Man,”
Microbiol. Parazitol. Epidemiol., Vol. 15, No. 2 (1970)
121-124.

Beneson, Abram S. Control of Communicable Diseases in Man.
12th ed. Washington, D.C., American Public Health Association,

1975.

Berg, I.E. "A Pathologists' View of the Scouring Calf.”
North Dakota Farm Research, Vol. 38, No. 4, (Jan-Feb 1981)
pp. 10-12,

Berkow, Robert, ed. The Merck Manual of Diagnosis and Therapy,
l4th ed. Rahway, New Jersey: Merck & Co., Inc., 1982,

Berndt, Douglas A. (Science Pathology and Epidemiology
Branch, Food Safety and Quality Service, U.S5. Dept. of
Agriculture) Telephone conversation with author, Feb. 3,
1979,

Bettelheim, K. A., and others. "Escherichia coli Serotype
Distribution in Man and Animals,” Journal of Hygiene, Vol. 73
(1974) 467-471.

Booz, Allen and Hamilton., Study of the Federal Meat and
Poultry Inspection System. U.5. Dept, Agr., June I977.,

Brumfitt, W. and Others. “Antibiotic-Resistant Escherichia
coli Causing Urinary-Tract Infection 1in General Practice:
Relation to Faecal Flora,"” The Lancet, (February 13, 1971)
315-317.




[14]

{15]

(16}

(17}

[18]

[19]

[20]

{21}

[22]

(23]

[24]

[25]

(26]

-60-

Bryan, Frank L., John C. Ayres and Allen A. Kraft. "“Contributory
Sources of Salmomellae on Turkey Products,” American Journal of
Epidemiology, Vol. 87, No. 3 (1968) 578-591.

_ + "Salmonellae Associated with Further-
Processed Turkey Products,” Applied Microbiology, Vol. 16,
No. 1 (1968) 1-9. )

Buck, Charles E,, David Montgomery, Darrell B. Pratt. "The
Effect of Cooking on the Quantity of Escherichia coli in Ground
Beef ," Res. Life Science, Vol. 23, No. 2 (July 19/3) 1-6.

Burbee, Clark, William Gallimore, and William T. Boehm.
Economic Effects of a Prohibition on the Use of Selected
Animal Drugs. AER 414, U.S. Dept. Agr., Econ. Stat., Coop.
Serv,, Nov. 1978.

Carl, Kenneth E. “Oregon's Experience with Microbiological
Standards for Meat,” Journal of Milk and Food Technology,
Vol. 38, No. 8 (1975) 483-486.

Ciosek, Danuta. “Escherichia coli Serotypes in Poultry in
Poland,” Bulletin of the Veterinary Imstitute, Pulaway,
Vol. 19, No. 3=4 (1975) 64-69.

Clancy, Joanna, and Dwayne C. Savage. “Another Colicin

V Phenotype: In Vitro Adhesion of Escherichia coli to Mouse
Intestinal Epithelium,” Infection and Immunity, Vol. 32,
No. I (1981) 343-352.

Cohen, Mitchell L., and others. "An Assessment of Patient-
Related Economic Costs in an Qutbreak of Salmonellosis,”
The New England Journal of Medicine, 299 (1978) 459-60.

Community Nutrition Institute. Letter to Dr. Robert Angelotti,
Administrator, Food Saf. Qual. Serv., U.S. Dept. Agr.,
Dec. 5, 1977,

Cooke, E. Mary, and others. “Hospital Food as a Possible
Source of Escherichia coll in Patients.” The Lancet T {1970)
436-437.

__» Ira G.T. Hattiaratchy, and A.C. Buck. "Fate
of Ingested Escherichia coli in Normal Persons,” Journal Of
Medical Microbiology, Vol. 5 (1972), 361-369.

Cooper, Barbara S., and Dorothy P. Rice. "The Economic
Cost of Illness Revisited,” Social Security Bulletin, (Feb.
1976) pp. 21-36.

, and Wendyce Brody. "Lifetime Earnings
By Age, Sex, Race and Education Level,” Research and Statistics
Note. DHEW Publ. No. (SSA) 75-11701. Sept. 30, 1975.




127]
28]

-129]
£30]

(31}

[32]

[33]

(34]

[35]

[36]

[37]
[38]

[39]

-61-

"Cystcercosis: Epidemiology and Immunology.” A.M.R.C. Review,
no. 37 (April, 1979) 1-11.

Delepine, S. "Food Poisoning and Epidemic Diarrhea.”™ Journal
of the American Medical Association. 40(1903)6570.

Dempster, J. E. and others. "Sources of Contamination of-
Cooked, Ready-to—eat Cured and Uncured Meats,” Journal of
Hygiene, Cambridge, Vol. 71 (1973) 815-823.

deWit, Jacora, G. Broekhuizen and E. H, Kampelmacher. "Cross—
Contamination during the Preparation of Frozen Chickens in the
Kitchen.” Journal of Hygiene, Cambridge 83 (1979) 27-32.

Dolan, Thomas J., T. A, Hodgson and L. M. Wun. "Present
Values of Expected Lifetime Earnings and Housekeeping
Services, 1977,” Xerox. Division of Analysis, National
Center for Health Statistics, Feb., 1980.

Dorn, C. Richard, and others. "Antibiotic Resistance Patterns
of Escherichia coli Isolated from Farm Families Consuming

Home Raised Meat,  American Journal of Epidemiology, Vol.
102, No. & (1975) 319-326.

Duff, Ken. (Staff Officer, Industrial Engineering and
Data Management, Food Safety and Quality Service, U.S.
Dept. of Agriculture) Conversation with author, 1979.

Dupont, Herbert L. and others., “Pathogenesis of Escherichia
coli Diarrhea,” The New England Journal of Medicine. Vol.

285, No. 1 (1971) 1-9.

Edwards, P.R., and W.H. Ewing. Identification of
Enterobacteriaceae. 3rd ed. Minneapolis: DBurgess Publishing

Company, 1972,

Ellis, R. P. "A Two Year Survey of Escherichia coli Serogroups
Associated with Colibacillosis in Pigs and Calves,” Proceedings
of the American Association of Veterinary Lab. Diagn. l7th
(1974), 133-138.

Ferguson, Allen R. Attacking Regulatory Problems: An
Agenda for Research in the 1980's. Cambridge, Massachusetts:
Ballinger Publishing Co., 1981.

, and E. Phillip LeVeen. The Benefits of
Health and Safety Regulation. Cambridge, Massachusetts:
Ballinger Publishing Co., 198l.

Finn, P.J. and B, Mehr. "A Benefit-Cost Analysis of
Eradicating Salmonella Infection in Chicken Meat Produced
in Canada,” Proceedings of the International Symposium

on Salmonella and Prospects for Control, June 8-11, 1977.

Canada: University of Guelph, 1979.



[40]

[41]

[42]

[43]

[44]

[45]

[46]

{47)

[48]

[49]

[50]

[51]

[52]

[53]

-62-

Fontaine, Robert E., and others. "Raw Hamburger: An
Interstate Common Source of Human Salmonellosis,”™ American
Journal of Epidemiology, Vol. 107, No. 1 (1978) 36-45.

Francis, John. Tuberculosis in Animals and Man. London:
Cassel and Company, Ltd., 1934G.

Gallo, Anthony. "Consumer Food Waste in the United States,”
National Food Review (Fall 1980) 13-16.

Gangarosa, Eugene. "What We Have Learned From 15 Years of
Salmonella Surveillance,” Proceedings: National Salmonellosis

Seminar, Jefferson Auditorium, U,S. Dept. Agr., 1978.

Gay, Clive C. "Escherichia coli and Neonatal Disease of
Calves,” BacterIologlcal Reviews, Vol. 29, No., 1 (Mar. 1965)

Gibson, Dave. (Health Care Finance, H. H. 5., Baltimore,
Md.) Telephone conversation with author, Apr. 13, 1979.

Goepfert, J. M. "Aerobic Plate Count and Escherichia coli
Determination on Frozen Ground-Beef Patties,” Applied and
Environmental Mcrobiology, Vol. 34, No. &4 (1977) 458-460.

+« "The Aerobic Plate Count, Coliform and
Escherichia coli Content of Raw Ground Beef at the Retail
Level," Journal of Milk and Food Technology, Vol. 39, No. 3
(1976) 175-17/8.

Guerrant, Richard L., Roger A, Moore, Paul M. Kirschenfeld
and Merle A. Sande. "Role of Toxigenlc and Invasive
Bacteria in Acute Diarrhea of Childhood,” New England
Journal of Medicime, Vol, 293, No. 12 (September 18, 1975)

567-73.

Guinee, P. A. M. "Preliminary Investigations Concerning
the Presence of E. Coli in Man and in Varlous Species of
Animals,” Zentralbl. Bakteriol, Orig. (1963) 201-218.

Gustafson, Ronald A., and Roy N, VanArsdall. Cattle Feeding

in the U.S5. AER-186. U.S. Dept. Agr,, Econ. Res. Serv., Oct.

1970,

. Cattle Raising in the U.S., AER-235, U.S.

Dept. Agr., Econ. Res. Serv., Oct. 1970.

Haas, John T. {(Chairperson). The Future Role of Cooperatives
in the Red Meats Industry. USDA, ESCS, Mktg. Res. Rpt. No.

1089. U.S. Dept. Agr., Econ. Stat, Coop. Serv., Apr. 1980,

Harris, Herbert. (Work Measurement Staff, Food Safety
and Quality Service, U. S. Dept. of Agriculture} Telephone
conversation with author, July 7, 1981.



(54]

[55]

[56]

571

[58]

[59]

[60]

[6l1]

(62]

[63]

[64]

(65]

-63-

Henrich, William L., Dale Prophet, and James P. Knochel,
"Rhabdomyolysis Assoclated with Escherichia coli Septicemia,”
Southern Medical Journal, Vol. 73, No. 7 (1980) 936-937,

Horwood, Murray P. and Virgil A. Minch. "“The Numbers and
Types of Bacteria Found on the Hands of Food Handlers,”
Food Research, Vol. 16 (1951) 133,

Howe, Katherine, and A, H, Linton. "The Distribution of
O-antigen Types of Eacherichia coli in Normal Calves,
compared with a Man, and thelr R-plasmid Carriage,” Journal
of Applied Bacteriology, Vol. 40 (1976) 317-330.

Hubbert, William T., William F. McCullock, and Paul R.
Schnurrenberger (eds.). Diseases Transmitted from Animals
to Man. 6th ed. Springfield, Ill.; Charles C. Thomas, 197/5.

Jacks, T.M. "Immunology of the Enterotoxins from Escherichia
coli,” Immunological Aspects of Foods, Westport: The Avi

Publishing Company, Inc. 1977.

Jensen, Rue and Donald R. Mackey. Diseases of Feedlot Cattle
(3rd ed. Philadelphia: Lea & Febiger, 1979).

Johnson, Alan M., Helen Roberts and P.J. McDonald. “Age-
sex Distribution of Toxoplasma Antibody in the South
Australian Population.” Journal of Hygiene, Cambridge.
B4(1980) 315-320.

Jones P.W. and Lynne M. Rennison. "The Occurance and

Significance to Animal Health of Salmonellas in Sewage
and Sewage Sludges.” Journal of Hygiene, Cambridge.

84 (1980) 47-69.

Juranek, Dennis D., Lewis S. Forbes, and Ulrich Keller.
"Taenia Saginata Cysticerci in Miscles of Beef Cattle,”
American Journal of Veterinary Research, Vol. 7 (July 1976)

. (Center for Disease Control, Atlanta,
Ga.) Telephone conversation with author, Feb., 1979.

Kafferstein, F. K. "The Occurrence of Antibiotic-Resistent
Mcroorganisms (Escherichia coli Type 1 and Coliforms) in
Some Foods,” Zbl. Bakt. Hyg., 1. Abt. Orig. B 164, (1977)
111-118.

Keteran, K.J. Brown and E.B. Shotts, Jr. “Salmonella in the
Mesenteric Lymph Nodes of Healthy Sows.” American Journal of
Veterinary Research. Vol. 43, no. 4 (April 1982) 706-707.




—64—

[66] Kinjo, Toshio, Yasuo Shimakuro and Masanobu Tamaki. “Drug
Resistant Strains of Bacteria Isolated from Domestic Animals
in Okinawa, IV. Drug Resistance and R—factors of E. Coli
Isolated from Broiler Chicken and Pork.” Scientific Bulletin
of the College of Agriculture, University of Ryukyus, Okinawa,
Vol, 24 (Dec. 1977) 475-486.

[67] Kirschten, Dick. “Can Government Place a Value on Saving
a Buman Life?" National Journal (1979) 252-55.

[68] Ronyha, L. D. (Chief Staff Veterinarian, Tuberculosis
Epidemiology, Animal and Plant Health Inspection Service,
U.S. Dept. Agriculture) Letter to Tanya Roberts, July 10,
1979 and Telephone conversation with author, July 6, 1979,

[69] Kotula, A.W. and others., "Destruction of Bacteria in Beef
Patties by Cooking,” Journal of Animal Science, Vol. 45, No.
1 (1977) 54-58.

[70] Kryder and Roswurm. Mydel: Tuberculosis Eradication (unpublished
manuscript). Veterinary Services, Animal and Plant Health
Inspection Service, U.S. Department of Agriculture, 1969,

[71] Landefeld, Steve J. and Eugene P. Seskin. "The Economic Value
of Life: Linking Theory to Practice.” American Journal of
Public Health. vol 72, no. & (June 1982) 555~566,

[72] Leary, Wallace. (Staff Officer, Field Operations, Food
Safety and Quality Service, U. 5. Dept. of Agriculture)
Conversation with author, Sept. 7, 1979.

[73] Lemon, Henry M. "Food-Borne Viruses and Malignant Hemopoietic
Diseases.” Bacterical Reviews. vol, 28, no., 4 (December,
1964) 490-92.

[74] Levy, Barry S. and Ward McIntire. “The Economic Impact
of a Food-Borne Salmonellosis Qutbreak,” Journal of the
American Medical Association, 230 (Dec. 2, 1974) 1281-82.

[75] Libby, James A. Meat Hygiene. 4th ed. Philadelphia: Lea
and Febiger, 1975

{76] Linton, A. H. "Antiblotic Resistance Among Escherijchia
coli O-serotypes from the Gut and Carcasses of Comercially
Slaughtered Broiler Chickens: a Potential Health Hazard,”
Journal of Applied Bacteriology, Vol. 42 (1977}, 365-378.

[77] , and others. "The Colonization of the

Human Gut by Antibiotic Resistant Escherichia coli from
Chicken,” Journal of Applied Bacteriology, Vol. 43 (1977)

465-469.

{78] Luft, Benjamin J. and Jack S. Remington. "Effect of Pregnancy
on Resistance to Listeria monocytogenes and Toxoplasma gondii
Infections in Mice,” Infection and Immunity vol. 38 no. 3

(Dacember 1982) 1164-1176.




—65-

{79] Mackey, B.M., Christine M. Derrick and Josephine A. Thomas.
“"The Recovery of Sublethally Injured Escherichia coli from
Frozen Meat,” Journal of Applied Bacteriology, Vol. 48
(1980) 315-324.

[80] Marier, R. and others "An Outbreak of Enteropathogenic
Escherishia coli Foodborne Disease Traced to Imported French
Cheese.” Lancet 2 (1973) 1376-78.

[81] Martin, R.J. et. al. "Campylobacter Gastroenteritis Associated
with a Minicipal Water Supply, Illinois, 1981." Speech at
the American Public Health Assoc. Annual Meeting, Montreazal,
November 17, 1982,

[82] MIntosh, Allen, and Donald M1ler. “Bovine Cysticercosis,
with Special Reference to the Early Developmental Stages of
Taenia saginata,"” American Journal of Veterinary Research,
21 (Mar. 1960) 169-77.

(83] Mchanie, Silvia, Dora Dobosch and F. Quevedo. "Transfer-
able Drug-Resistance among Escherichia coli isolated from
Horses and Horse~Meat Handlers,” Review of Latin-American
Microbiology, Vol. 14 (1972) 137-140.

[84] Mshan, E.J. Cost-Benefit Analysis. revised ed. New York;
Praeger, 1976.

[85] Mon, Harley. (National Animal Disease Center, Ames, la.)
Telephone conversations with author, Jan. 5 and 6, 1982,

[86] Mrphy, T. “E. coli Serotypes Associated with Colibacillosis
in Irish Calves,™ lrish Veterinary Journal, Vol. 27, No. 11
(1973) 197-207.

[87] Mers, J. Arthur, and James H. Steele. Bovine Tuberculosis
Control in Man and Animals. St. Louis, M.: Warren H.
Green, Inc., 1969,

[88] Mers, L. L. "Enteric Colibacillosis in Calves: Immuno-
genlcity and Antigenicity of Escherichia coli Antigens,”
American Journal of Veterinary Research, Vol. 39, No. 5
(1978) 761-765.

{89] National Academy of Sciences, Committee on Salmonella.
An Evaluation of the Salmonella Problem. Washington, D.C.,
1969,

[90] Oehme, Frederick W. “Significances of Chemical Residues
in U.S. Food-Producing Animals," Toxicology, Vol. 1.
Amsterdam; Elsevier/North Holland (1973 pp. 205~15,

[91] Onar, Vedit. (Acting Tuberculosis Control Officer, Wash~
ington, D. C. Health Department) Telephone conversation

with author, Apr. 17, 1979,



(92]

(93]

[94]

(95]

[96]

[97]

(98]

[99]

{100]

[101]

[102]

-66-

Orskov, F. "Virulence Factors of the Bacterial Cell Surface.,”
Journal of Infectious Disease, Vol. 137, No. 5 (1978) 630-633.

Pether, J.V.S., and R.J. Gilbert. "The Survival of Salmonella
on Fingertips and Transfer of the Organisms to Foods,”
Journal of Hygiene, Cambridge Vol. 69 (1971) 673-681.

Pickering, L.K. "Gastroenteritis due to Enteropathogenic,
Enterotoxigenic, and Invasive Escherichia coli: A Review,”
American Journal of Medical Techmology, Vol. 45, No.9
(September 1979) 787-92.

Powell, Kenneth E., {Chief, Statistics and Analysis
Section, Tuberculosis Control Division, Bureau of State
Services, Center for Disease Control, U.S. Public Health
Service, Atlanta, Ga.) Letter to author, June 7, 1979
and Telephone conversation with author, Apr. 4, 1979.

Reimann, Hans and Frank L. Bryan. Food Borne Infections
and Intoxicatioms, 2nd ed. New York: Academic Press, 1979.

Reis, M., Henriqueta L., Jurandyr C. Vasconcelos, and Lvie R.
Trabulsi, "Prevalence of Enterotoxigenic Escherichia coli
in Some Processed Raw Food from Animal Origin.” Applied and
Environmental Mcrobiology, Vol. 39, No. 1 (1980) 270-271.

Robinson, J.T.R. Some Epidemiological, Economic and Legislative
Aspects of Bovine and Porcine Cysticercosis in Rhodesia.

Masters degree in Medical Veterinary Hygiene, University of
Pretoria, South Africa, 1978.

Rubino, Michael J. and Kelley J. Donham "Survivability of
Bovine Leukemia Virus in Unpasteurized Milk.” Speech at the
American Public Health Assoc. Annual Meeting, Montreal
November 17, 1982,

Sack, R. Bradey. "Human Diarrheal Disease Caused by Entero-
toxigenic Escherichia coli,” Annual Review of Microbiology,
Vol. 29 (1975) 333-3533.

, and others., “Enterotoxigenic Escherichia
coll Isolated from Food,” The Journal of Infectious Diseases,
Vol. 135, No. 2 (1977) 313-317.

Sandine, W. E. , and others. “Lactic Acid Bacteria in Food

and Health: A Review with Special Reference to Enteropathogenic
Escherichia coli as well as Certain Enteric Diseases and their
Treatment with Antibiotics and Lactobacilli,” Journal of Milk
and Food Technology, Vol. 35, No. 12 (1972) 691-702,




[103]

[104]

[105]

[106]

[107]

[108]

{109]

{110}

[111]

[112]

[113]

[114]

[115]

-67-

Schilf, Edward A. "Present Status of and Trends in Tuberculosis

and Brucellosis in Cattle.” Journal of Food Protection
vol. 40, no. 4 (April, 1977) 265-69.

Schultz, Myron G. Lemuel G. Halterman, A.B. Rich and George A,
Mertin. “4An Epizootic of Bovine Cysticercosis,” Journal of the
American Veterinary Association, Vol. 155 (December 1, 1969)

1708=1717.

Schwabe, Calvin W. (Professor of Epidemiology, School of
Veterinary Medicine, University of California at Davis)
Telephone conversation with author, Dec. 1980.

. Veterinary Medicine and Human Health, 2nd ed.
Baltimore, Md.; The Williams and Wilkins Co., 1%67.

Shooter, R. A., and others. "Animal sources of Common Serotypes
of Escherichia coli in the Food of Hospital Patlents,” Lancet

(August 1970) 226-228.

. "The Isolation of Escherichia coli from a
Poultry Packing Station and an Abattoir,” Journal of Hygiene
73 (1974) 245-247.

. "Isolation of Escherichia coli, Pseudomonas
Aeruginosa, and Klebsiella from Food in Hospitals, Canteens,
and Schools.” The Lancet, II (1971) 390-392.

Skerman, F.J., S.B. Formal, and Stanley Falkow. "Plasmid-
Assoclated Enterotoxin Production in a Strain of Escherichia
coli Isolated from Humans," Infection and Immunity, Vol. 3,
No. 4 (1972) 622-624.

Skirrow, M.B. "Campylobacter Enteritis-the First Five Years.”
Journal of Hygiene, Cambridge. 89(1982) 175-184.

Slonka, Gerald R., and others. "“An Epizootic of Bovine
Cysticercosis,” Journal of the American Veterinarian Medical
Association, 166 (Apr. 1, 1975) 6/8-81.

« "An Qutbreak of Bovine Cysticercosis in
California,” The American Journal of Tropical Medicine and
Hygiene, 27 (1978) 101-05.

Smith, H.R. "Tuberculosis in its Relation to the Feeding and
Marketing of Livestock.” Journal of the American Veterinary
Medical Association, 62:486, 192Z.

Smith, H. Williams. "A Search for Transmissible Pathogenic
Characters in Invasive Strains of Escherichia coli: the
Discovery of a Plasmid-controlled Toxin and a Plasmid-con-
trolled Lethal Character Closely Associated, or Identical
with Colicine V," Journal of General Microbiology, Vol. 83

(1974) 95-111.




{116]

{117]

{118}

[119]

[120]

[121]

[122]

{123]

[124]

[125]

[126]

{127]

[128]

-68

. "Transfer of Antibiotic Resistance from
Animal and Human Strains of Escherichia coli to Resident E.
coli in the Alimentary Tract of Man.” The Veterinary Record,
Vol. 85 (1969), 31-33.

. "Transmissible Pathogenic Characteristics
of lnvasive Strains of Escherichia coli,” Journal of American
Veterinary Medical Association, Vol. 173, No. 5 (19/8) 601-607.

Smith, Howard R. The Conquest of Bovine Tuberclosis in the
United States, 2nd ed. Somerset, Michigan: published by
the author, 1959.

Snyder, Gerald. (Senior Staff Officer, Slaughter Inspection
and Standards Procedures Division, Food Safety and Quality
Service, U. S. Dept. of Agriculture) Telephone conversation

with author, July 17, 1981,

Sojka, W. J. "Enteropathogenic Escherichia coli in Man and Farm

Animals,” Canadian Institute of Food Science Technology Journal,
Vol. 6, No. 2(19/3) 5Z-63,

Steele, James. (Public Health Veterinarian, University of
Texas) Telephone conversation with author, July 1979,

Sullivan, R, and others. "Inactivation of Poliovirus 1 and
Coxsackievirus B-2 in Broiled Hamburgers.” Journal of Milk
and Food Technology, Vol. 38, No. 8 (1975) 473-475.

Teigen, Lloyd and Dick Todd. (Forecast Support Group, National
Economics Division, Economics and Statistics Service, U. S,
Dept. of Agriculture) Working session with author, 1979.

"Three Final Reports: Cysticercosis Epidemiology and
Immunology.” A.M.R.C. Review, no. 37 (April, 1979) 1-l1l.

Tomlinson, Lois A. "Campylobocter Enteritis in Humans: A
Literature Review.” FDA By-Lines. Vol, 12, no. 4 (October 1982)
234=-246,

Tsai, T. F., and others. "™Mode of Spread of Group A Strepto-
cocei in an Abattoir Outbreak of Wound Sepsis,” Pathogenic
Streptococci: Proceeding of the VII International Symposium.
Surrey, England: Reedbooks, 19/79.

Tulloch, E. Frank, Jr. and others. "Invasive Enteropathic
Escherichia coli Dysentary: An Outbreak in 28 Adults,”
Annals of Internal Medicine, Vol. 79 (1973) 13-17.

Twedt, Robert M. and Brenda K. Boutin. "Potential Public
Health Significance of Non-Escherichia coli Coliforms in
Food," Journal of Food Protection, Vol. 42, No. 2 (1979)
161-163.




—69-

[129] United Nations Food and Agriculture Organization/World
Health Organization. "Recommended International Codes of
Hygienic Practice for Fresh Meat, for Anti-Mortem and Post-
Mortem Inspection of Slaughter Animals and for Processed
Meat Products” by the Codex Alimentarius Commission. CAC/RCP.
Nov. 13, 1976,

(130] U.S. Bureau of the Census. Historical Statistics of the
United States, Colonial Times to 195/, 1960.

[131] U.S. Bureau of the Census. Statistical Abstract of the United
States, Various years.

[132] U.S. Congress, House Committee on Agriculture. “Amend the Meat
Inspection Act.” Hearings Before the Subcommitte on Livestock
and Grains, June-July 1967, p. 239.

(133} , House Committee on Interstate and Foreign
Commerce. Cancer Causing Chemicals in Food. Committee
Print 95-67, Nov. 1978,

[134] , House of Representatives. "Poultry Diseases
Transmissibie to Man--Including Summary Report of Outbreaks,”
Congressional Record (July 19, 1957), pp. 11133-400. Prepared
by the Communicable Disease Center of the Public Health
Service.

[135] , House of Representatives, “"Remarks of
Mr. Funston from Kansas on the 1890 Meat Inspection Act,”
Congressional Record, (Aug. 1980), p. 8884,

[136] , House Subcommittee on Oversight and Investi-
gations. Testimony of Carol Tucker Foreman on Feb. 24,

1978, Hearing on Cancer-Causing Chemicals. Vol II, p. 209,

[137} , Office of Technology Assessment. “Drugs
in Livestock Feed.,” Vol. I: Technical Report. 1979.

[138] , Senate Committee on Governmental Affairs.
™Benefits of Environmental, Health and Safety Regulation.”
Cambridge: Center for Policy Alternatives at the Massachu-
setts Institute of Technology, Mar. 25, 1980.

[139] , Senate Committee on Labor and Human Resources.
Bearings on Food Safety Laws., Testimony of Donald Houston,
Administrator, FSIS, USDA, June 9, 1983.

[140] , Senate. "Poultry Products Imspection Act,”
Hearings Before the Committee on Agriculture and Forestry.
Feb, 2/-28, 195/. pp. 25, 125-26, 136-40, 184-88.

[141] U.S. Department of Agriculture, Agriculture Statistics.
Various years.




[142]

[143]

[144]

(145}

[146]

[147]

[148]

[149]

[150]

[151]

[152]

{153]

[154]

[155]

[156]

-70-

. Annual Report of the Bureau of Animal

Industry. Various years.

, Economics, Statistics, and Cooperatives Service.
Conversion Factors and Weights and Measures. SB-616. Mar. 1979.

« Farmers' Use of Pesticides, 1976. AER-418.

Dec. 1979.

. U.S. Foreign Agricultural Trade Statistical

Report. Various years.

, Food Safety and Quality Service. A Strengthened
Meat and Poultry Inspection Program. June 1978.

. “An Analysis of the Federal Meat and Poultry
Inspection Program.” Draft prepared by the Pathology and
Epidemiclogy Division, Feb, 20, 1979.

. Explanatory Notes. Prepared by the Budget
Planning and Evaluation Division. Various years.

« "List of Chemical Compounds Authorized for
Use under USDA Meat, Poultry, Rabbit and Egg Products Inspection
Programs.” MPI-8, Mar. 1978.

. "Quality Assurance in Meat and Poultry
Inspection and Processing.” Paper presented by Robert Angelloti
before the 38th Annual Meeting and Food Expo, Institute of
Food Technologists, Dallas, Tex., June 5, 1978.

. Residue Investigation, What It Means to You.
F5G5-15. Aug. 1978,

. Statistical Summary: Federal Meat and
Poultry Inspection. Various years.

, Packers and Stockyards Administration.
™rends in Livestock Marketing Before and After the Consent
Decree of 1920 and the Packers and Stockyards Act of 1921."
Statement of Gerald Engelman to the House Small Business
Committee, June 23, 1975.

, Secretary of Agriculture. "Meat and Poultry
Inspection 1977: Report of the Secretary of Agriculture to
the Committee on Agriculture, House of Representatives, and
the Committee on Agriculture, Nutrition, and Forestry, U.S.
Senate.” May 1978.

. Science and Education Administration.
Nutritive Value of Foods., Home and Garden Bulletin Number 72

April 1981.

U.S. Department of Health, Education and Welfare, Public Health
Service. Vital Statistics of the U.S. Various years.




[157]

[158]

f159]

[160]

[161]

[162]

[163]

[164]

{165]

[166]

[167]

[168]

[169]

[170]

[171]

-71-

» Center for Disease Control. Morbidity and
Mortality Weekly Report, Vol. 27, No. 13 (March 31, 19/8).

, Center for Disease Control. Reported
Morbidity and Mortality ir the U.S., Annual Summary 1977.

, 1976 Tuberculosis in the United States.
TDC 78-837Z, Aug, 1978,

o Salmonella Surveillance; Annual Summary
19/6. Dept. No. 127 HEW Publ. No. (CDC) /8-8219. Nov.
1977.

. Trichinosis Surveillance; Annual Summary
1977/, HEW Publ. No,., (CDC) /8-8256. Aug. 1978.

U.S. Department of Labor, Bureau of Labor Statistics.
Handbook of Labor Statistics 1975—Reference Edition,
Bulletin 1865. 1975.

« "Job-Related Injuries and Illnesses in
the Meat Products Industries.” Undated draft.

U.5. General Accounting Office, Problems in Preventing
the Marketing of Raw Meat and Poultry Containing Illegal
Residues, HRD-/9-10. 1979.

«» Salmonella in Raw Meat and Poultry:
An Assessment of the Problem, E-164031i(2). July 1974,

U.5. Interagency Regulatory Lialson Group. "Scientific
Basis for Identifying Potential Carcinogens and Estimating
Their Risks.”™ Feb. 6, 1979.

Van den Heever, L. W., "Antibiotic Resistance and R-Factors
in Escherichia coli from Calves, Meat and Milk,” Journal of
the South African Veterinary Association, Vol, 1 (1972) 71-75.

Wallace, Robert B., and Sam T. Donta. "Antibody to Escherichia
coll Enterotoxin in Meat-Packing Workers,” American Journal
of Public Health, Vol. 68, No. 1 (1978) 68-70.

Welss, Roger W. “The Case for Federal Meat Inspection
Examined,” Journal of Law and Economics, 7 (Oct. 1964),
107-20.

Winslow, Robert L. "A Retailer's Experience with the Oregon
Bacterial Standards for Meat,” Journal of Milk and Food

Technology, Vol. 38, No. 8 (1973) 487-489,

Wigle, William D,, M, J. Ashley, E, M, Killough and M.
Cosens. “Bovine Tuberculosis in Humans in Ontario,”
American Review of Respiratory Disease. Vol. 106 (1972)

528-34,



(172}

[173]

[174]

[175]

-72-

Working Group on Streptococcal Infection in Meat Handlers.
"A Survey of Streptococcal Skin Sepsis Among Meat Handlers
and Other Workers,” Pathogenic Streptococcal: Proceedings
of the VII International Symposium. Surrey, England; Bl

Reedbooks, 1979,

Wray, C. and J. R. Thomlinson. “Lesions and Bacteriological
Findings in Colibacillosis of Calves,” British Veterinary

Journal, Vol. 130 (1974) 189-199.

Yadava, J. N. 5. and B. M. Gupta. "Antigenic Analysis and
Biochemical Characters of Strains of Escherichia coli, Commonly
Associated with Human Diarrhea, Isolated From Sporadic Cases

of Gastro-Enteritis in Local Population of Domestic Animals."
Journal of General Applied Microbiology, Vol. 15 (1969)

197-207.

Zimnitsina, I. T. "A Case of Food Poisoning Caused by
Pathogenic E., coli Sero-Type, 0145," Gigiena 1 Sanitariia,
Vol. 32 (1967) 423-425,




	Abstract
	Introduction
	Conclusion
	Summary
	References

