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RESEARCH.~ 
i,n a Growing Minnesota 

~~~=:::::::,-

I ' ,. ,L,.w. 
A s you read this issue of Minnesota Scie nce, you will detect 

a common thread through each story: the pu b lic hea lth 
aspect of the research reported . 

Much of the research related to agriculture ha s the im
provement of human well-being a s its co mmon ba se. This 
improvement may come by cha ng ing the e nvironment, im
proving the quality of food, eliminating the risk of disease, or 
applying the basic requirements of good nutrition . 

Making food more healthful by assuring that livestock a nd 
poultry are free from disease is an extreme ly important as pe ct 
of food quality. Reducing risk of dise a ses tra nsmitted from 
birds and animals to man is an important contribution to the 
health of the earth's inhabitants. And bringing rese a rch to 
bear on the nutrition needs of the world 's popula tion has 
helped to improve the health and well-being of millions. 

Diseases and insects of plants are a constant threat to 
economic production; as a result, cultural practice s ha ve been 
developed that make it poss ible for growers to provide a 
steady flow of healthful food products. One of these practices 
is the use of various pesticides to control disease, insects, or 
weed pests. The problem of chemical residues is critical, and 
little or no residue tolerance is allowed. Research is impor
tant in determining the method and amounts by which pes ti
cides bring about control without contaminating the food 
source. 

Much of the research in the Minnesota Agricu ltural Experi
ment Station, although not specifically d irected towa rd the 
public health aspect, has broad public health implicati ons. 

After some delay in publication, Minnesota Farm and Home 
Science changes its name slightly to Minnesota Scienc e with 
this issue and will again appear regularly. 
We shortened the name because the title didn't seem to 
have as much breadth as the content. For years we' ve carried 
articles reporting research applicab le to problems in horti
culture, forestry, food processing, marketing, etc., as well as 
articles that applied ma inly to the farm and home . So it seems 
only logical to reflect breadth of content th rough the name. 
We hope that you find Minnesota Science useful, a nd we wel
come your comment. Address correspondence to: Ed ito r, Min
nesota Science, Agricultural Experiment Station, University of 
Minnesota, St. Paul, Minnesota 55101 

THE COVER-There's a strong possibil ity that many ca ses of 
illness or death in poultry, swine, and cattle are due to 
toxins produced by fungi such as those pictured on the cove r. 
Studies of mycotoxins at the Minnesota Agricultural Expe ri
ment Station began in 1963 through a cooperative p roject 
between researchers in the Diagnostic laboratories of the 
College of Veterinary Medicine and the Institute of Agricu l
ture's Department of Plant Pathology and Physio logy. For 
info rma tion on the problem and the project see " Feed s, Fung i, 
and Animal Health," beginn ing on page 12. 
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CHEMICAL RESIDUES-
how serious are they in milk and meat? 

Paul B. Hammond 

The introduction of modern technology 
into agricultural practices has been 

a mixed blessing. Pesticides, growth 
promoters , and veterinary drugs have 
contributed greatly to the more efficient 
pro duction of animal food products. But 
the use of thes e chemicals requires th at 
we assess the dangers of contaminating 
foods with them. 

Wh en a new chemical is introduced, 
two basic questions arise : ( 1) Under 
what conditions and to what de gree will 
animal food products becom e contami 
na ted ? Assuming tha t answers to this first 
question are provid ed, the second arises: 
(2) What level of contaminat ion can be 
tolerated in the human d iet? 

Responsibility for providin g answers 
to the first qu estion generally lies with 
the industrial and comm erci al int erests 
responsible for marketing potential con
taminant s. 

Ind ustry is accountable to two federal 
age ncies in this regard. Proof of effec
tiveness for the intended purpose and of 
safety to the animal and user must be 
present ed to the Department of Agricul
ture in order for the material to be cer
tified for interstate commerce. Data must 
also be presented to the Food and Drug 
Admini stra tion (FDA) concerning (1) 
residues that would occur in foods fol
lowing rec omm ended use of the product 
and (2 ) the toxicity of the residues. 

Th e FDA must deci de what levels of 
residu e are acceptable . Decision-making 
in such matters is a gra ve responsibili ty, 
and FDA is extremely conservative in 
this regard. Gene rally, the maximum al
lowable residue concentra tion in a food 
product is 11100 of the concentration 
just below the minimum toxic level de
termined in two speci es of laboratory 
animals. 

Many additional factors ent er into 
considerat ion of the final ruling. For ex
ample, it has been found tha t a few 
chemical residues become much more 
toxic when residues of certain oth er sub
stances arc present in the food product 
concurren tly. The study of such int erac
tions and of similar matt ers relating to 
the hazards of chemical residues requires 
a massive and continuing research effort. 
Much of th is work is being conducted 
in F DA laboratories. A great deal of the 

D r. Paul B. Hammond is a pr of essor in th e 
Depart ment of Veterinary Physiology a nd Ph a rma 
colog y, College of Veterinary Medicine. 
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research burden is also carried by in
dustry and by scientists at colleges and 
universities. 

Milk and milk products are among the 
major foods presenting residue problems . 
Milk is accorded special standards of 
purity, probably because it is a major 
component of the diet, particularly of 
infants. In contrast to meats and vege
tables, in which low con centrations of 
some pesticid es are accepted, the toler
anc e for pesticides in milk is zero. Th e 
same is true for oth er chemical residues 
in milk. The law doesn't actually say 
that no residue will be allowed. It only 
says that any one proposing to market 
milk containing a given level of residue 
must petit ion FDA for permission. To 
the author's knowl edge, no such petitions 
hav e ever been approved. 

How Do Drugs Enter Milk? 
Most of the drugs used to treat di

seases of man are also used to treat 
diseases' of animals. When drugs are ad 
ministered to cattle by mouth or by in
jection, they pass into the milk via the 
bloodstream. It is important to a veteri
narian to know how long th is transfer 
will persist following the administration 
of drugs. He must learn the responsi
bility for preventing the illegal contami
natio n of animal food pro ducts by such 
therapeutic agents as antibiotics and in-

BLOOD 

secticides. Only two research stations are 
actively engaged in such investigation of 
drugs in general. On e is th e Royal 
Veterinary College at Copenhagen, Den
mark ; th e other is the Department of 
Physiology and Pharmacology at the 
University of Minnesota Colle ge of Vet 
erinary Medicine. 

Resear chers he re and in Denm ark 
agree that the con centration of a drug 
in blood largely determines how much 
drug enters the milk. This is not to say 
that the concentrations will be equal. In 
the case of some drugs, the concentra
tion in milk is very low relative to the 
concentration in blood . In oth er in
sta nces it is quite high. Th ese differen ces 
can be explained by knowl ed ge of the 
ability of drugs to pass across mem
bran es such as tho se between the blood 
str eam and the milk . 

Drugs will pass across a membrane 
only if they are not elec trically charged. 
The tendency for drugs to exist in a 
charged state depends upon (1 ) the in
herent chemical propert ies of the drug 
and (2) the acidity of the fluid in which 
they are dissolved . For some drugs, the 
more acid the medi um th e greater the ir 
tendenc y to exist in a charged state. For 
others, the opposite is tru e. The diagra m 
shows an example. 

An un derstan ding of the factors gov
ern ing the transfer of drugs from the 
bloodstr eam into milk contributes signi 
ficantly to the maintenance of high 
standards of milk puri ty. The practicin g 
vet erinarian , wh o uses drugs in varying 
dosages and for var ying periods of time, 
needs this information to advise his cli
ents as to how long milk must be with 
held from the market. D 

Since milk is more acid than b lood, a proportionately g rea te r fraction of tota l
 
d rug will exist in the charged state in milk than in blood. The am ount of
 
uncharged drug on the two sides of the membrane is the same, but the
 

total amount of drug is much greater on the acidic (milk) side of the
 
membrane than on the blood side.
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Healed skin lesions from an 
adult porphyric cow that had 
sunlight exposure during the 
first 2 years of life. The lesions 
appear as scar tissue and have 
remained unchanged during 3 
years of confinement under 
protective light conditions. 

2 

Healed skin lesions from an 
adult porphyric cow that had 
sunlight exposure during the 
first 2 years of life. Only the 
unpigmented skin is affected . 

3 
Teeth of the newborn porphyric 
calf are darker than normal at 
birth and fluoresce red under 
ultraviolet light . 

4 

Porphyric teeth fluoresce red 
under ultraviolet light . 

5 

Deciduous teeth of this porphyric 
animal have been deeply 
pigmented since birth although 
the animal has been raised 
under protective light conditions. 
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Teeth of heterozygote cattle, 
like those of normal cattle, are 
white in appearance. 

7 

Permanent incisors show very 
little discoloration when they 
erupt but gradually take on a 
darker appearance. They do 
not become as pigmented as 
the deciduous teeth. 

8 

The hereditary pattern of 
offspring from mating a carrier 
animal (Pp) with a normal 
animal (PPl. 

9 

The hereditary pattern of 
offspring from mating two carrier 
animals. The disease does not 
appear until two carrier animals 
are mated. The expected result 
of four such matings is one 
normal offspring, two carriers, 
and one offspring showing 
symptoms of the disease. The 
practical importance is to 
recognize that when a porphyric 
offspring is born to normal
appearing parents, both of the 
parents must be carriers for 
porphyria. 
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Porphyria in Cattle: the "pink tooth" disease
 

A special herd of catt le at the University's Rosemount 
Research Cent er is aiding scientists in their study of a 
rare blood condition. 

Th e condi tion is congenital porphyria, a rare met a
bolic blood disease of anima ls, including man. The 
disease was diagnosed in Minnesota at th e College of 
Veterinary Medi cine in 1957. The first cases were from a 
herd of purebred Holstein dairy catt le; cattle from this 
herd serve d as foundation stock for the experimenta l 
porphyric herd mainta ined to study the disease. Each 
cow in the specia l herd either has porphyria or is a 
ge neti c carrier. 

With broad implica tions for public health problems 
of var ious species including man , two cur rent approaches 
to the resea rch are : 

1. To learn more abo ut the life of red blood cells in 
a nimals with porphyria. 

2. To develop , for catt le, a test that will spot the 
"carrier" anima ls and thereby prevent the condition from 
becoming more wid espread . 

Congenital porphyria, often called "pink tooth" in 
catt le, is a defect in hemoglobin metab olism. It involves 
an overproduction of unusabl e nit rogen-containing pig
ments ( porphyrins) in young red blood cells. 

Th e disease would be of littl e importance except for 
one th ing: the mole cule of the unusable and overpro
duced substance (porphyrin isomer) is sensitive to sun
light . 

In catt le affected with this condition these pigments 
build up in the blood stream and, wh en expose d to sun
light, photosensitization (severe sunburn) occurs in the 
white or nonpi gmented areas of the skin. Also, an anemia 
develops because of damage to the red blood cells by 
a similar ph otosensitizati on process. 

The ani mal also has pink coloration in tee th and 
bones because of deposition of the unusabl e pigments. 

In catt le, porphyria is inh erit ed as a recessive charac
ter. Thus, some anima ls carry the gene without showing 
signs of the condition. But if two carrier animals are 

Authors of this article are Dr. L. W. Johnson, C. J. Watson, W. E. 
Moore, and D. K. Sorensen. Dr. Johnson is an instruc tor, Dr. Moore 
is a research fellow, and Dr. Sorensen is professor and head, De
pa rtment of Veterinary Medicine, College of Veterinary Medi cine. 
Dr. Watson, former professor and head of the Department of Medi
cine, College of Medical Sciences, is director of the University of 
Minnesota unit for teaching and resea rch in internal medicine at 
Northwestern Hospital, Minneapo lis. 

Color reproductions on page 4 are from " Porphyria in Cattle," 
a n ar ticle by Dr. Wallace M. Wass and the late Dr. Harvey H. Hoyt, 
tha t appeared in Vol. 8, No. 3, of "Veterinary Scope" published by 
The Upjohn Com pany, Agricultura l Products Division, Veterinary Ad
vertis ing Department, Kalamazoo, Michigan, and are reproduced 
with permissio n of " Ve te rinar y Scope." Drs. Wass and Hoyt were 
members of the faculty of the College of Veterinary Medicine when 
the a rticle was published. 
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mat ed , one-four th of the offspring will have both genes 
and therefore exhibit symptoms of the disease. 

Since the bovine form is one of many types of por
phyria, an d since catt le are useful large research anima ls, 
th e proj ect has provid ed an unusual opportunity to study 
red blo od cells where th is condition occurs . 

Dr. LaRu e W. Johnson in the Dep artment of Veteri
nary Medi cine, one of the research team members, has 
alrea dy conclude d that one effect of sunlight on an ani
mal with porphyria is reduction in life span of red blood 
cells. The norm al 120-day life of these cells is shortened 
to 40 to 60 days among porphyric an imals in dir ect sun
light. However , among porphyric anima ls kept in con
tro lled light (i ndoors ) the red blood cells live the nor mal 
len gth of time. 

Dr. John son also found that the spleen, wh ich acts 
somewhat as a filter in the circulatory system, apparent ly 
has no marked effect on the life span of red blood cells 
in th is condi tion; th e cells were destroyed at the same 
ra te in porphyric catt le after the sp leen was removed . 

A cur rent ph ase of th e project , under Dr. Will iam 
Moore in th e Dep artment of Veterinary Medi cine, is to 
develop a test for carr ier anima ls. One approach is to 
determine whether they can be detected by chromosome 
coun ts. Another is to see whether substances such as 
enzymes in their blood has any effect on com pounds 
( porphyrin pr ecursors ) that eventua lly develop into 
prophyrins . 

Such a test , if successful, could be extremely im
port ant. While the disease is ra re to date and th e likeli
hood of large-scale problems is remote, bovine porphyria 
could become Widespread in cases where sires in artificial 
inseminating establishments happen to be carrier ani
mal s. Problems with recessive cha racteristics usually de
velop only wh ere inbreeding or close line breeding is 
practiced , so that closely related individua ls are likely 
to be mat ed . Thus far, the only sign ificant pr oblems have 
occur red among purebred catt le. 

In commercia l catt le, th e problem is likely to become 
little more than a curiosity in an individual animal. 

In terms of the resear ch, th e Minn esota project is 
especially valuable in its fundamental aspects. It may 
have implicati ons for und erstandin g the more acute 
forms of hereditary porphyria, the chro nic types, and the 
acquired forms associated with hepatitis, jaundice, and 
leuk emia. 

Dr. C. J. Wa tson, head of the Dep artment of Medi
cine, College of Medical Scien ces, is the princip al in
vest iga tor of th e project. Dr. L . W . Johnson and Dr. 
D. K. Sorensen, head of the Departm ent of Veterinary 
Medicine, are cur rently co-inves tigators of the project 
concern ed with th e bovine studies, and Dr. Sam Schwart z, 
Dep artm ent of Medi cine, is condu cting considerable re
search on th e disease in man and coordina ting research 
activities between th e two groups. 0 
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I NCREASES in economic pressur e 
for grea ter efficiency in ag ricul

tur e are causing management systems 
for livestock and poultry to move 
toward high-density housing , wh ere 
more and more ani mals and bird s can 
be grow n in less and less area. This 
conce ntra tion of animals often accu
mulates manure in a mann er that pro 
vides ideal Hybr eeding conditions and 
crea tes odo rs. Other economic factors, 
such as transportation costs, are caus
ing high-density syste ms of livestock 
and poultry production to be located 
near populat ion centers where odors 
and Hies are part icularl y objection 
abl e. 

Th e pro duction of manure and 
other waste materi als on many inten
sified livestock and poultry far ms in 
Minneso ta exceeds the amount that 
can be used effectively as fertilizer on 
the available land area. Cropping sys
tems, weath er conditions, and other 
fact ors may make it difficult to apply 
manure was tes to a given soil area at 
the time desired. Applica tion of exces
sive amounts of manure to a small 
land area may result in the pollution 
of water supplies, both sur face and 
underground. In other instances it 
may be impossible to spread the rna
nur e in such a way as to prevent odors 
and control rod ents and Hies. 

Whil e everyone objects to odors 
and other condi tions that destroy th e 
commonly accepted aesthe tic values 
in rural areas, findin g a pr acti cal way 
to disp ose of excess manure wastes is 
not always a simple problem for th e 
poultryman or stockman. With large 
volumes of manure to be disposed of, 
high sanita tion standards, and in 
creased production costs, he may find 
the more acceptable methods of dis 
posa l both impractical to his farmin g 
operation and prohibitive in cost. 

Animal and poultry manure can be 
disposed of through biological diges-

E. R. Allr ed is a professor in th e Depart ment of 
Agr icult ura l Engineering , an d R. E . Larson is in 
vesti ga tions lead er , farmst ead engine enng resear ch 
sectio n, AER D, ARS, USDA , statione d at th e Uni
versit y of Minn esota . 

tion processes, by incin eration, or by 
spreading as soil fertilizer. Under 
present condi tions on most farms, dis
posal as soil fertilizer is most practical. 
It is the growing concensus, h owever , 
that the incineration and digestion 
meth ods of disposal will become more 
commo n on lar ge livestock and poul
try farms of the future. 

Indiscriminate piling of excess manure 
wastes creates unsighly conditions and 

health hazards. 

Digestion 

Organic wastes, whether derived 
from a farm or municipalit y, are fre
qu ently disposed of by discharging 
them into sha llow ponds or lagoons. 
Digestion of the mater ial occurs as a 
result of biological processess, Where 
lagoons are used for was te disposal , 
biological di gestion may be aerobi c 
( with oxygen ) or anaerobic ( without 
oxygen), dep ending on conditions. 

Aerobic digestion is usually odor
free, and occurs in lagoons that have 
a large surface area in relation to th e 
amount of wastes, and a re lative ly 
sha llow depth (3 to 4 feet ). Under 
such condi tions the liquid absorbs 
oxygen from the air and, because of 
the penetration of sun shin e as a result 
of their shallow depth, algae and 
other micro-organisms produce addi
tional oxygen throu gh photosynthesis. 

The absorbed oxygen supports the 
bacteri al action required to digest the 
waste materials. 

Anaerobic conditions are usually 
found in sma ll, deep lagoons that 
arc grea tly overloaded with organic 
wastes. Bacteri al decomposition under 
such conditions occurs without the 
presence of oxygen, thus creating un 
pleasant odors during hot or humid 
weather. Th e removal of sludge from 
anae robic lagoons is usually necessary 
because of the residu es that accu
mulate. 

Most lagoons operate under a com
bin ati on of aero bic and anae robic 
conditions. Dur ing winter, when both 
sunlight and absorption of oxygen 
from the atm osphere are limit ed be
cause of ice cover, anaerobic condi
tions are certain to develop. Such con
diti ons may crea te odor problems for 
a tim e imm ediat ely following ice 
breakup. But if th e lagoon is not 
greatly overloa de d, the snow and ice 
melt furnishes oxygen-rich dilution 
water and th e tr ansition from anaero
bic to aerobic conditions occurs with 
in a few days. 

Storage and biological treatment of organic
 
wastes in open lagoons requires large
 
water surface areas if odors and flies
 

are to be avoided.
 

While aerobic digestion may be 
feasible for the tr eatment of mun ci
pal wastes, the cost is prohibitive for 
many farm applications, largely be
cause of the excessive amount of ma
terial to be digested and the larg e 

Table 1. Daily manure production from farm animals and poultry 
(does not include bedding) 

Animal	 Average Total excrement Population 
size-lb. Ib./day gal./day cu.ft. / day equivalent (man) 

(l) (2) (3) (4 ) 

Dairy cows 800 64.0 7.7 
Beef cattle 800 50.0 6.0 
Hogs 150 9.1 1.1 
Chickens 5 0.25 0.03 

(5) (6) 

1.03 16.4 
0.80 12.8 
0.15 1.9 
0.004 0.1 
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volumes of wat er necessary. To better 
visualize the volume of organic waste 
produced on livestock and poultry 
farms, refer to table 1. These data re
present the best available estimates of 
the amounts of manure produced 
daily by various farm animals, com
pared with domestic waste loadings 
encountered in municipal waste treat
ment plants. 

Column (6) of table 1 indicates 
that if all manure wastes from a 150
cow dairy herd were to be completely 
digested and oxidized, the treatment 
problem would be equivalent to that 
of a village of about 2,500 people 
(150 x 16.4) . Municipal lagoon de
sign requirements for this region indi
cate that a 25-acre pond would be 
necessary. 

Waste treatment problems connect
ed with large poultry management 
systems may become especially diffi
cult since table 1 shows that even 
common sized flocks of 100,000 birds 
have waste disposal loadings equiva
lent to that of a small city of about 
10,000 population. 

At the present stage of our research, 
considering the excessive load condi
tions outlined above, complete diges
tion of the manure obtained from 
high-density systems does not appear 
feasible in lagoons because of cost. 
While many farmers in Minnesota 
have constructed or are consid ering 
outdoor lagoons to collect and oxidize 
manure wastes, such lagoons serve 
principally as collection or holding 
pits. 

In general, th e most one can expect 
to gain from a lagoon is storage space 
until a conven ient time is found to 
clean it out and dispos e of the manure 
by spreading it on the land as fertili
zer. Never theless, th e value of a la 
goon as a storage facility must not be 
underrated because in Minnesota and 
other areas of severe climate it is ad
vantageous not to require freq uen t 
hauling of manure. Research is pres
ently being conducted at th e Agricul
tural Experiment Station, Rosemount, 
to determine the effectiveness of a 
lagoon system designed to handle only 
a part of the wastes from a dairy farm. 

Incineration 

In areas where low-cost fuels are 
available, burning manure by incin
era tion is employed as a means of dis-
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posal. For waste materials high in 
moisture content, however, fuel and 
incineration costs are usually quite ex
cessive. After drying the manure suf
ficiently to permit burning, much of 
the heat required can be obtained 
from its own combustion. 

Spreading 

Operators of high-density livestock 
establishments have frequently solved 
their manure disposal problems by 
selling or offering the manure free for 
the hauling to neighboring farmers as 
soil fertilizer. While farm manure is 
widely recognized as having consider
able valu e when applied to the soil, 
both from the standpoint of its nutri
ent content and its benefits as an aid 
to better soil structure, its use for 
such purposes may at times be im
practical. 

With the adoption of liquid manure systems 
as a means of reducing handling costs, 
specially designed tank equipment is 

recommended for hauling. 

On the basis of weight, as com
pared to commercial fertilizers, ma
nure is recognized as a low-analysis 
type of fertilizer. Thus, even though 
sufficient land acreage is available 
many farmers choose not to use ma
nure as soil fertilizer since the cost of 
hauling may exceed the value of its 
nutrients. 

Although the dehydration, pellet 
ing, and packaging of farm manures 
for sale as fertilizer has not proved 
economical in all cases, this method 
of disposal will be employed to a 
greater extent in the future. Present 
costs for such proc essing vary from 
$30 to $60 per ton of pelletized ma
nure, depending upon its original 
moisture content. Because of high de
hydration costs, such products cannot , 
at present, compete in pr ice with com
mercial fertilizers of equal nutrient 
content. 

Until more suitable disposal meth
ods can be foun d, operators of high
density livestock and poultry manage
ment systems should recognize tha t 
manure is best disposed of when used 
as soil ferti lizer, whether applied to 
their own land, or to land of their 
neighbors. In most cases, however, 
(in the complete operation analysis) 
manure disposal will likely appear an 
item of cost rather than a source of 
income. Although it may be neces
sary for some livestock growers to de
liver surplus manure to th eir neigh
bor's lands, the cost of doing so would 
be small compared to other presently 
available alternatives. 0 

AORTIC RUPTURE AND ATHEROSCLEROSIS 

study of these diseases of turkeys
 
may tell us more about the diseases in man
 

R. A. loll 

While diseases of the heart and blood 
vessels are generally associated with 

human ailments, investigators are keenly 
interested in such diseases in the lower 
anima ls and birds. This interest is partly 
because of basic biological problems and 
partly in the hop e that increased knowl
edge of how such lesions occur might 
give new direction to research into the 
problem in man . In addition, some of 

these problems in th e lower animals 
cause significant economic loss. 

Aortic rupture in turkeys was first rec
ognized in Minnesota about 1950 by Dr. 
B. S. Pomeroy of the College of Veteri
nary Medicine. Among its peculiar as
pects were its confinement to rapidly 
growing young male tur keys, the selec
tivity of the posterior aorta-a trunk 
art ery that carries blood from the heart 
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-as the usual site of rupture, and the 
markedly increased mortality where syn
thetic estrogens (such as stilbestrol) were 
implanted in the turkeys. Since 1958 
the Departments of Poultry Science, 
Veterinary Pathology, Veterinary Bacte
riology, and Biochemistry have worked 
together to study aortic rupture in 
turkeys. 

A	 Rupture-Producing Substance 

Our original research was initiated by 
the discovery that sweet pe as contain an 
agent or agents that produce aortic rup
tures in turkeys . These ruptures resemble 
those of the natural disease. Because peas 
are a legume and other legumes such as 
alfalfa and soybeans are Widely incor
porated in commercial turkey feeds, it 
seem ed desirable to study the develop
ment of the hemorrhage produced by the 
agent in swe et peas. 

One of th e first important contribu
tions of this research was the differenti
ati on of the typ e of disease produced by 
th e sweet pea agent and that occurring 
naturally. The ch anges are such that th e 
active agent in the sweet pea or such an 
agent in alfalfa or soybean meal appar
ently is not responsible for the naturally 
occurring condit ion. 

In rea ching what seems like an es
sentially negative finding, researchers 
learned a great deal about changes in 
th e supposedly normal turkey aorta that 
occur with advancing age, and also th e 
changes that precede the final rupture. 
Foremost of th ese findings was the obser
vation that by 12 to 16 weeks of age 
all turkeys have evidence of arterioscle
rosis and atherosclerosis! Arteriosclerosis 
is a bro ad term denoting any noninflam
matory change of an artery. Atheroscle
rosis is a special and important subtype 
of arteriosclerosis in which abnormal 
changes ar e confined to th e inn ermost 
lining of the vessel. These changes are 
characterized chiefly by thickening and 
the deposition of fat in this lining. This 
fat contains lar ge amounts of cholesterol, 
hence th e public concern with choles
terol. 

Evidence as to the early ch anges pre
ceding arteriosclerosis and atherosclerosis 
in man is necessarily circumstantial be
cause it is confined to autopsies on young 
individuals who die from other causes. 
So lower animals and birds have been 
studied in sear ch of a species that shows 
a high incidenc e of athe roscle rosis re
sembling the condit ion in man. 

In the last few years attention has 
cen tered on three subhuman species: the 
pig, th e baboon, and th e turkey. Of 
th ese, the turkey has th e advantages of 
offering for study many individuals of 

different known genetic stra ins within 
a short time, of being relatively inex
pensive, and of being the only subhuman 
spe cie s in which rupture of the larger 
blood vessels occurs to any great extent 
as a natural condition. Thus, in th e tur
key, one can draw comparisons between 
both athe rosclerosis and di ssecting aneu
rysms ( rup tured blood vessels ) as these 
conditions ar e described in man. The 
lesion in turkeys bears som e resemblance 
to atherosclerotic aneurysm, although 
th ere again , there are differences in man. 

Differences Between Ruptures in the 
Turkey and in Man 

From a compara tive standpoint, th e 
findin gs on aortic rupture suggest that 
th e typ e obs erv ed in turkeys bears little 
resemblance to that seen in man. The 
main differences ar e: 

1. In man th e primary br eak in th e 
vessel starts much closer to the heart 
than in turkeys. 

2 . In man th e p rimary break extends 
for long distances along a vessel that is 
mainl y elastic; in turkeys it occupies a 
very short segment of a vessel that is 
mainly muscular. 

3. In man micro scopic studies indicate 
that certain ch anges preced e the rupture 
by a considerable period of time; in tur
keys these changes are absent although 
other ch anges associated with age are 
pr esent. 

4. In man th e break occurs in old er 
people; in turkeys it is seen almost ex
clusively in young, growing birds. 

Similarities between th e two condi
tions appear to be limited to the fact 
that both ar e more common in mal es, 
and high blood pressure is believed to 
pred ispos e to both. In evaluating differ
ent ages of supposedly normal turkey 
poults, th e author and co-workers made 
some int erest ing obs ervations that may 
be importa nt in understanding the 
changes that underlie atherosclerosis. 

Changes Occurring With Age 

In cat alo ging chronological age 
changes from embryos to maturity, it was 
observe d that prior to 3 weeks of age, 
th e aort as appeared normal, but that 
from 3 to 6 weeks of age th e following 
sequence of changes occurs: 

I .	 The first cha nge is a br eakdown in 
th e ela stic lay ers running around 
th e abdominal aor ta . This br eak
down almost always occur s in the 
lower aorta and rarely in th e upper 
part ; with increasing age this elastic 

br eakdown becomes more pro
nounced, and th e broken elastic 
tissue is replaced by scar tissue. 

2.	 At approximately th e sam e time, 
th e inn er lining of the vessel ad
jacent to this scarring becomes 
thi cken ed and contains increased 
amounts of intercellular cementlike 
substanc e, but usually no detect
able fat. Such a thi ckening is called 
a plaque. 

3.	 With a further increase in age 
th ese changes are accentuated. 
Ev entually fat becomes conspicu 
ous in these plaques, so that the 
condition can then ' be referred to 
as atherosclerosis. These changes 
differ markedly from th e hypothe
tical scheme of events usually given 
in textbooks of human pathology, 
wh ere fat is stated to be deposited 
in th e vessel, th en to incite a tis
sue reaction forming a thickened 
plaque, and finally to progress to 
typical atherosclerosis. 

It is, of course, uns afe to make species 
comparisons without qu alification . But 
th e clarifi cation of th ese differ ences or 
of similarities may provid e useful infor
mation about a basi c di seas e process, 
wh ether it occurs in th e lower animals 
or in man. With such a philosophy, 
atherosclerosis in the turkey cannot be 
dismissed as of merely academic im
portance. 

Causes Leading to Final Rupture 

The causes leading to th e final rupture 
of th e aorta of the turkey have not been 
completely studied. The role of blood 
pr essure, for example, needs further ex
planation . Anatomi cal studies liken th e 
aorta to the inn ertube of a tire. As long 
as th e tire is prop erly vulcanized, it can 
withstand inc reases in pressure and wear 
and tear satisfactorily. But once the vul
canization is lost , the tube becomes a 
prime candidate for a "blowout"-es
pccially wh en th e pr essure within in
creases. Such an analogy may be ap
propriate in explaining aortic rupture in 
the turkey. 0 

Dr. R. A. Ball . former resear ch associate in the 
D ep artment of Bacter iology and Public H ealth, 
Co llege of Veteri n a ry Medicin e. is associate pro 
fesso r, Veterin ary Research Instit ute, Iowa Stat e 
Unive rsity, Ames, Iow a. 

A list of all publications of th e Agri
cultural Experim ent Station and th e 
Agricultural Ext ension Service is 
available on requ est from your county 
agent or from th e Bull etin Room, 
University of Minn esota , St . Paul, 
Minn . 55101. 
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wiII lead to the overall reduction of th ese 
inf ecti ons. Salmonellosis and Ornithosis 

Sometimes suspected as sources of infection to man, these diseases are 
easier to control today because of diagnostic and research activities 

by Benjamin S. Pomeroy 

PULLORUM DISEASE 

RE SEARC H ON PULLORUM DISEASE 
in chickens and turkeys in Minnesota 

began more th an 30 yea rs ago. It primaril y 
involved improvem ent of th e diagnostic 
pro cedures as th ey app lied to iden tifica tion 
of infect ed flocks. T his disease is primarily 
restri cted to chickens and turkeys, and is 
an egg- transmit tcd disease; young chi cks 
and turkey pou lts ar e infect ed at th e time 
of hat ching. 

On e of the obj ecti ves of th e National 
Poultry Improvem ent Pro gram developed 
by USDA in 1935 was to contro l pullorurn 
d isease in chicken breeding flocks. To illus
trate how serious this disease was in you ng 
chickens, th e 1926-35 reco rds of the diag
nostic lab orat ory indicat e that pra ctically 
every lot of chicks under 4 weeks of age 
submitted because of excessive losses was 
found infect ed with pullorum disease. 

The disease was first recogn ized in the 
Unite d States in turkeys in Minnesota in 
1928. Because no organized control effort 
was made, pulloru m in turkeys soon became 
a major disease p robl em. In 1943, in co
operati on with th e Minnesota Turkey Grow
ers Associati on and th e State Liv esto ck 
Sanita ry Board, a control program was initi
utcd for con tro l of pullorum disease in tur
keys. At th at time ove r 50 percent of the 
lots of po ults submi tted to th e diagnos tic 
laborator y were fou nd infect ed with pu l
lorum disease, and other salmonellas were 
enco untered in 42 pe rce nt of th e lots. 

Since 1943 continu ed progress has been 
mad ,' i ll redu cin g thc incid ence of pullorum 
disease in chickens and tu rkeys. In 1957 
the poultry and turkey industri es in Minne
sota recogni zed th at IOO-percent parti cipa
tion of all hatch er ies and b reeding flocks 
in the pulloru m- typhoid con trol program 
was nec essa ry to eliminate the disease. The 
Sta te Livestoc k Sanitary Board developed 
such a program. 

Research at the University and work at 
the Diagno stic Laboratory have imp lement 
ed th e Livestock San ita ry Board pro gram . 
Pull ornm disease has been elimina ted from 
turk ey br eed ing and market flocks. It has 
not been identified in Minnesota since 1959 . 
In 1964 , for th e first time, pulloru m disease 
was not recorded in turkeys in th e United 
Stat es. And the disease has been redu ced to 
a low level in chic kens. In th e United Sta tes 
in 1964 approxim at ely 200 outbreaks were 
reported, in Minnesota only 3. A few years 
ago hundred s of outb reaks were encountered 
eac h yea r in Minneso ta alone. 

Fortunat ely, S. pulloru m is not especially 
pathogen ic for man, bu t human cases have 
bee n rep orted. In 1963 pu llorum was iso
lat ed from a chil d in Minn esota at the 
laboratory of th e Stat e Board of Health, and 
invo lved a 21/2-year-old ma le who was suller
ing from anothe r disease. Th e infant had 
been fed fresh egg nogs as a food suppleme nt 
over an extended per iod. Investigat ion by 
University veterinarians in cooperation with 
the Stat e Board of H ealth sho wed th at the 
eggs came from a farm flock heavily infected 
with pullorum disease. 

9 

SALMONEL LA INFECTIONS have been 
recognized for many yea rs. They are 

caused by a rod-shap ed bact eri a of which 
th ere are mor e than 900 typ es. In man th ey 
cause a vari ety of clini cal symptoms, includ
ing fever , dig estiv e ups et , and generalized 
infection. 

For years th e veterinari an has recognized 
pu llorum disease and fowl typh oid in chick
ens and turkeys, swine enteritis (nec ro), and 
intestina l infections in calves as costlv di
seases of animals. Today, salmone lla infcc 
tions are recognized in all farm animals ami 
poultry as well as dogs, cats, and exotic pets 
such as turtles, mice , monkeys, and lizards. 

Salm onello sis has received considerab le 
pu blic ity because of food- borne infect ions 
involving large groups of persons . Because 
of the imp ort ance of th e sa lmonella infec
tions in human health, a national salmonell a 
surve illa nce pro gram was jointly esta b lished 
in 1962 by th e Communicabl e Disease Ce n
ter of U.S. Public Health Ser vice and th c 
sta te health dep artments. The U.S . Depart
ment of Agricu lture (USDA) and sta te agen 
cies conce rne d with anima l health program s 
are also coope ra ting on th is pro ject . 

In 1963 over 18,000 cases of sal monellosis 
in man were reported in th e United Sta tes, 
a cons iderable increase over 1962. In 1964 
the repor ted cases were more th an 20 ,000, 
and in one outbreak in 1965 over 18,000 
cases were identifi ed . Human car rie rs were 
responsible for th e outb rea ks in some cases, 
whil e in othe r ins tances hum an food of 
animal origin such as eggs, poultry, red 
meats , and speciality food item s were in
volved. It appears that major reser voir s of 
hum an salmonellosis ar e in domestic live
stock and poultry. 

Most of th e organi zed efforts to eliminate 
reser voirs of salmonella infec tions have 
been con fined to poultry and poultry p rod
ucts. T wo of the salmonella problems, pul
lorum disease and fowl typh oid , arc pri 
maril y restricted to poult ry, ' and a major 
effor t has been mad e to elimina te th ese 
diseases from poultry over th e past 30 years. 
Th e elimination of othe r salmonellas pr e
se nts a mor e complicate d problem. 

PARATYPHOID 

T HE T E RM "PARATYP HOID," when 
applied to po ultry, indicates an infcc

tion by one of th e salmone lla types othe r 
th an pullorum disease and fow l typhoid . 
Over 900 salmone lla typ es have been iso
lat ed from many differ ent host s, and mor e 
than 100 ha ve been isolat ed from poultry. 

Dr. Benjamin S. Pom eroy is professor and head 
of th !, D ep artment of Publie Health Co llege of 
Vet er in ary Medi cine . • 
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All th ese salmonellas are conside red potenti 
ally pathogeni c to man and animals. 

Th e 10 most common salmonell as isolated 
from man in Minnesota in 1963 were iso
lat cd from poultry during th e same period. 
This does not mean th at poultry and poultry 
products wer e dir ectly responsible for th e 
human infecti ons. Th e infections exist in 
other spe cies of livesto ck as well as pet dogs, 
ca ts, and bird s. Rodent s, sna kes, lizards, and 
pet turtles may also be involved. 

Poultry, because of th eir numbers and 
susce ptib ility to th e salmone lla infections, 
ser ve as an excellent monitoring syst em to 
indi cate th e incid ence of salm onellas in th e 
env iron ment of ma n and an ima ls. 

Part of th e reason wh y po ult ry and live
stock are cons tan tly cycling salmone lla or
ga nisms is th e con tamina tio n of fecd ingredi
ents. Research at th c Uni versity of Minne
sota and other places indicates a high degree 
of salmone lla contamina tion in animal, pou l
tr y, and fish b yprocluct s used as protein 
su pp leme nts in ani ma l and poul try fee ds . 
E llorts are being ma de on a sta te and na
tional basis to elimina te this source of in
fec tion, but it will req uir e ce rtai n cost ly 
cha nges in the feed industr y. 

In th e ease of poultry, dir ect tran smission 
to young chicks and poults ma y occ ur by 
one of two means: 

1. Since inf ecti on is pr imaril y locali zed 
in th e intes tina l tract , excre ta may contami
nate the sur face of th e eggshell. Some of 
the early research on salmonella infecti ons 
at Minn esota indi ca ted the organisms may 
penetra te th e eggshe ll and con tamina te th e 
inte rior of th e egg and th e developing 
chick or poult. By this route th e salmonella 
organisms may be introduced into the in
cuba tor wh ere th ey contamina te thousands 
of chic ks or poults, thu s expand ing the in
cid ence of the salmonella infecti on. 

2. An occasiona l b ird may have an ovari
an inf ection and th e egg will be inf ected 
before it is laid , serving as ano thcr means 
of introducin g the infecti on into a hatch ery . 
If proper sanitati on procedures are not con
stantly used in a hatchery, continuous expo
sur e of newl y hatch ed chicks and poults 
may occur. 

Extensive research work was carried on 
to develop and improve di agnostic tests so 
infected flocks could be ident ified and eli
minat ed as br eeding flocks. A control pro
gram for th e most serious type (S. tuphi
/Ill/ril/lIl ) was developed in cooper ation with 
th e Minnesota Turkey Growers Association 
and th e State Livesto ck Sanitary Board. Be
cause of thi s pro gram, th e incide nce of 
typ himuri um infecti on in turk eys has been 
greatly reduced . However , othe r salmo nella 
typ es contin ue to ca use serious losses to th e 
turkey and poultr y industries. Work is in 
progress to develop control measures that 



ORNITHOSIS 

PSITTACOSIS is a term used for an in
fection of man caused by a viral agent 

contracted from birds and for infec tions 
caused by the same agent in parrots, para
keets, loveb irds, and other birds of th e 
psittacine family. This disease is not re
stricted to .psitt acine birds; many species of 
birds, including poultry, can be affected. 
The term ornithosis is used to designate the 
infection in poultry, other domestic fowl , 
and birds not of th e psittacine family. 

In man the incubation period may be 
from 1 to 4 weeks or longer. Th ere is rise 
in temp erature, genera l ach es and pains, 
respiratory distr ess, and pn eumonia. 

Int erest in the problem in Minnesota was 
aroused in 1951-52 following published rc
ports of the disease in Texas turkeys causing 
serious mortali ty and infection in persons 
working in processing plants. Becaus e th e 
disease produced involvem ent of th e respi
ra tory system easily confused with other in
fect ions, steps we re taken to exte nd the 
examination of material collected from field 
cases of respiratory inf ection in turkeys. 

Serum samples were submitted to K. F . 
Meye r, Hooper Foundation, Ca lifornia, and 
virus isolations were attempt ed. Serum 
samples from some of the suspect flocks 
were considered posit ive, and a virus isola
tion was made from a clinica l ou tbreak of 
respiratory inf ection in 1954. These obser
vations confirmed the repor ts from T exas , 
Californ ia, Or egon, and New Jersey that 
orn ith osis may be more common in tur key 
flocks th an is recogni zed . 

A research pro ject on orn ithosis was 
developed and supported by grants fro m 
USDA and the Minnesota Turkey Growers 
Association. The first phase of the research 
work was to concen trate efforts on imp rov
ing th e serological p rocedur es and viru s 
isolation techniques. The pro ject was super
vised by D r. H elene Brum field , and four 
graduate student s have wo rked on the pro
ject over th e past few years . 

The research work resulted in th e devel
opment of a modifi ed comp lement fixation 
test th at could be used on tur key serum. The 
test is recognized as the Bru mfield DCF 
test and can be rea dily used in diagnostic 
laborat ories. 

The developm ent of this test allowed 
extensive field studies in cooperation with 
the Livestock Sanitary Board and th e Min
nesota and Wisconsin Departments of 
Health . In 1957-58 blood samp les were 
collected from approximately 500 tu rkey 
bree ding flocks in Minnesota and tested for 
orni thosis. Th e study revealed that 43 per
cent of the flocks showed significant reac
tions to th e test. Also, isolations of th e 
orn ithosis virus have been made from clini
cal cases. 

Studies have been made on th e virus 
isola tes from Minnesota and Wi sconsin tur
key flocks. These strains we re of low viru
lence compared to the highly toxic strains 
isolated from other areas. This may explain 
why few hum an cases have been reported 
in person nel in pro cessing p lants in this 
area as compared to other areas. Also it 
probably explains why the disease goes un 

recognized in many flocks and clinical evi
dence develops only under stress conditions. 

A coope ra tive study was undert aken with 
Dr. Graber of the Wisconsin Department of 
Health (1958) involving turkey flocks and 
processing plant personnel. The disease was 
known to exist in turkey flocks in the area 
for at least 2 to 3 years. Pro cessing plant 
personnel were ch ecked closely by serologi
cal tests and obs ervation for respiratory 
symptoms. Over a period of several months 
17 of 248 employee s showed acute respi
ratory inf ections, and 9 additional cases 
showed no symptoms but developed sero 
logical responses. 

A coope ra tive study with the School of 
Public He alth involving turk ey growers in 
Minnesota indicated that some growers 
carried antibody tit ers to ornithosis, but 
there was no correlation with respira tory 
symptoms or an actual illness. This supports 

W he n a scientist who does basic stu dies 
publishes a research report he normally 

wri tes for the few individuals who are spe 
cifically trained and acquainted wit h similar 
research. In such a report the writer fre
quently uses scientific terminology under
stood by a limited audien ce. Because he 
seeks basic information he rar ely compares 
th e results of his research to a practical 
situation. 

His sea rch is often for basic knowledge 
that has no immediate pract ical significance 
by itself . H e seldom compares the results 
of his research to a "p ractical" situation. 
Neverthe less, tog ether with other resea rch 
effort or other knowledge his results may 
broaden our under standing of a given 
ph enomenon. 

For examp le, if a scient ist is trying to 
determine if a given pesticidal chemica l ca n 
be injurious to som e form of animal life 
he may use doses of che mical ma ny time s 
in excess of those that would be found in 
our p ractical everyday world. 

Suppose a scientist discovers a ce rtain, 
very high rate of chemi cal can cause som e 
form of injury to th e an imal chos en fo r his 
stu dy. He publishes his findings in a brief , 
factual way in his professional journal. He 
seld om bothers to point out tha t the ra te 
is fa r in excess of what normally would be 
found in prac tice-his in tended readers arc 
well aw are of this fact. But if his study is 

Russell S. Ada ms, j r ., is an assistant professor in 
the D epartment of Soil Scien ce . 

the observations th at ornithosis strains in
volving turkeys in this area have little health 
ha zard to processing pl ant personnel and 
workers on turkey farms. Nev ertheless, a 
constant vigilance must be maintained for 
any change in th e properties of th e orni
thosis virus. 

Because of the development of an im
proved diagnostic test, the diagnostic labora
tory can recognize the disease rap idly and 
recommend pr ecautionary measures. Fortu
nately, highly ellective medication programs 
are availab le to treat infected flocks. Birds 
are given medication for at least 3 weeks, 
th en the treatment is discontinued and a 
sample of the flock is examined to determi ne 
if th e infection has been elim inat ed . Be
cause several respiratory d iseases of tur
keys cause similar signs and lesion s, clinical 
observations should be confirmed by labora
tory examinations. 0 

of particula r cur rent interes t , the observa
tions he reports may find their way into 
other pu blicatio ns. 

Organic pesticides have been the center 
of considerable con troversy. Research re 
porti ng injury from pesticide residues has a 
sensational and newsworthy aspect. 

Newspaper accounts of research reports 
are also fact ua l; but since th e autho r of the 
research seldom reports the practical signi 
ficance of his studies, seldom do the news 
med ia. The read er is left to draw his own 
conclusions and impli cation s, the most ob
vious being that an an imal was injured , and 
man is an an ima l. 

As fa r as pest icide residues are concerned , 
most newspaper re aders find it difficult to 
int erpret research da ta because the qu anti
ties of che micals used are so small or be
cause th e terms of measur e are unfamiliar to 
th em . E ven a very larg e dose may seem 
small to the read er. 

Most of us have only a vague impr ession 
of ho w small a q ua nt ity one part pe r mil
lion migh t be. To attempt to understa nd the 
me aning of one pa rt pe r bill ion makes us 
une asy. And the concept of one pa rt per 
trillion, oft en written about toda y, simply 
defies our imaginatio n. 

This ar ticle is inte nd ed neither to defend 
nor to deplore the use of pesticides. Rather , 
it defines the te rms of measure often used 
in repo rting da ta and attempts to show the 
reader how he can transform reported data 
into values th at may have more meaning to 
him. 
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Ratios of Pesticides 

Part s per million , pa rts pe r billion, and 
parts per trillion are quantities often used 
by pesticide analysts. Since a trill ion is big
ger th an a billion , many people have th e 
false impression th at one part pe r trilli on 
is a grea te r quantity th an one pa rt per 
billion. Actually th ere are one thousand 
part s per trillion in one part per billi on an d 
one th ousand pa rts per billion in one pa rt 
per million . 

Bear in mind that th ese term s are rati os 
comparing one part of pesticide to so many 
parts of the mat erial th at conta ins th e pesti
cide . Th ese ratios are normally weight ra
tios; for example, 1 pound of pesticide per 
1 million pounds of material. 

Scientists commonly use the metric sys
tem in reporting their research data so that 
their measurements can be readily eva lua ted 
by scientists of all nati ons. Since most 
Americans use ounces and pounds when re
ferring to weight, the metri c system may not 
be well und erstood. 

The tabl e lists a number of ratios and 
weight s and their equivalents in pounds 
ofte n used in expressing quantities by pes ti
cide residu e scien tists. The sma ll quantities 
of pesticide chemicals th at analytica l pro
cedures can now detect has caused scient ists 
to use two new terms: the pecogram 
(0.000000000001 gram) and the nanogram 
(0.000000001 gram). The pound equiva len ts 
of a nanogram are given in the table. 

Using the Ratio s 

Suppose th at a farm er wishes to convert 
the field application rate of a given chemica l 
to the ra tios just describ ed . An acre of soil 
to a depth of 6 inches is estimated to con
tain 2 million pounds of soil. Peat soils or 
soils containing a great deal of organic mat
ter may be lighter , but 2 million pou nds is 
a good estimate for most mineral soils. If 2 
pounds of pesticides per acre are applied to 
the farm er' s field and worked into th e plow 
layer, the ratio of pesticide to pounds of 
soil is 2 po unds per 2 million po unds of 
soil, or 1 pa rt per million. 

A great deal of attention has been given 
to coverage of an observa tion ma de by 
Dr. Douglas James, associa te professor of 
zoology at the University of Arkansas . Dr. 
James found that 1 pound of DDT in 25 
tons of feed caused mental depr ession in 
qu ail. Thi s observa tion can be used to test 
our conversions in the tabl e below. 

About the author 

Russel Adams, lr., heads an Agricultural Experiment Station project 
to study how chemicals are taken up and held by soils. This project was 
launched in 1965 to investigate the uptake of chlorinated hydrocarbons by 
clay and organic soils, and to learn more about the nature of soil pesticides 
themselves. 

Chlorinated hydrocarbons include the insecticides DDT, aldrin, diel
drin, and methoxychlor. Such chemicals tend to be the most persistent 
and therefore raise some of the most crucial problems of residues in soils. 

A wide variety of Minnesota soils will be studied throu gh both surface 
and subsurface samplings. Researchers hope to characterize the soils chemi
cally to determine what might influence retention of chemicals. 

These retention characteristics will also be studied in terms of the 
chemical's effect on some particular insect or insects. 

The research is supported by a $104,000 grant from the U. S. Depart
ment of Agriculture, and is coordinated with similar research at the Univer
sity of Wisconsin. Adams has done similar research in the past on herbi
cides, such as atrazine and sima zine, which tend to persist from one season 
to the next in soil. In general, less is known about insecticide residues than 
about residues of herbicides. 

On e pound in 25 tons soun ds like a sma ll 
portion of DDT. Howev er, 500 ton s are 
req uired to make a mill ion pou nds, so 
the ratio of DDT in the feed is 20 (500-;-.25) 
parts pe r milli on. 

The reader who is fam iliar with th e term 
parts per million now begins to recognize 
that the seemingly small amount of DDT 
fed th e quail is, in fact , quite a lot. 

In the pas t farm ers using DDT to con trol 
European corn borer have app lied 1 to 1Y.! 
pounds of DDT per acre or '12 to 3f4 parts 
pe r million. To remain imp art ial it should 
be poin ted out th at DDT can accu mulate 
in the soil with rep eated applica tions. 

To satisfy him self of dan gers to his person 
from DDT, a reader nee ds more inform a
tion. For examp le, how much DDT is likely 
to occur in the so-ca lled "averag e" Ameri
can's diet? A recent food basket survey 
conducted by th e U. S. Department of Pub
lic Health indicated that the average Ameri
can diet contained 0.001 to 0.396 pa rts per 
million DDT ; an ave rage content of 0.1 
part pe r million is pro bably an ove restimate. 

This quantity of DDT is only abo ut 1 per
cen t of th e DDT allowe d in foodstuffs by 
law. Toleran ces are establis hed by the Foo d 

Ratios and weights used in pesticide research and their pound equivalents 

Ratio 

1 part per trillion (p.p.t.) 

1 part per billion (p.p.b.) 

1 part per million (p.p.rn.) 

1,000 pecograms 
1,000 nanograms 
1,000 micrograms 
454 grams 

Metric equ ivalent 

pecogram per gram 

nanogram per gram 

microgram per gram 

Pound equivalent 

paund per trillion pounds 
pound per 500 million tons 
pound per billion pounds 
pound per 500 thousand tons 
pound per million pounds 

1 pound per 500 tons 
2 pounds per acre 

= 1 nanogram 0.0000000022 pound 
= 1 microgram 0.0000022 pound
= 1 gram 0.0022 pound 

1 pound 

and Drug Administra tion for a given chemi
cal on the basis of th e best information 
ava ilab le at th e time. A sizable safe ty fac
tor is allowed, some times as much as a 
hundredfold. 

The ratio of DDT in the feed of the qu ail 
is roughly 200 times th at found in an 
American's d iet. But even more information 
is need ed for one to fully eva luate the 
report. A ratio is not enough information. 
The reader mu st have some knowled ge of 
th e total DDT eaten. 

Assuming th at two orga nisms are about 
equally affected by pes ticide, the dose that 
they receive is a function of total food in
take and body weight. (With animals as dif
ferent in phys iology as quail and man this 
assump tion is not always safe; in fact , birds 
may be more sensi tive to DDT tha n man.) 
An adult bobwh ite quail weighs ap proxi
mately 170 gra ms, or abo ut three-eighths of 
a pound. 

A quail is a heavy eater, consuming 
12 grams of feed per day. In the course 
of a week the bobwhite qua il would th ere
fore eat approximately 0.18 [7 x (12-;-.454)] 
pound s of feed containi ng 0.0000036 [(20 
-;-. 1,000,000) x 0.18] pounds of DDT. 

A 150-p ound man would be 405 (150 -i
0.37) times as heavy as th e quail and pre
suma bly cat 405 x 0.0000036 or 0.0015 
pounds of DDT to consume an equivalent 
dose. 

According to our home economists (Year
book of Agricult ure, Food, 1959), the 
ave rage America n consumes 1,500 poun ds 
of food per year. With the amount of 
DDT in th e America n diet today an adu lt 
American would have to ea t 7Y.! tons of food 
to get 0.0015 pound of DDT. 

A hum an would take nearly 10 years to 
consume a dose of DDT equivalent to that 
ea ten in 1 week by the qu ail in the experi
ment. 0 
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.-------Feeds, Fungi, and Animal Health----------,
 
three Minnesota researchers report the effect of toxins in feedstuffs 

by G. H. Nelson, C. M. Christensen, and C. J. Mirocha 

M ycotoxicoses are diseases of animals 
caused by toxins produced by fun gi 

that have grown in feed s eaten by animals 
or in the grains or oth er ingredients of 
which the feeds were made. 

Diseases of this sort in farm animals have 
been known for decades, but little work 
was done on them in th e United States be
fore 1955. Th is is in sharp contras t with 
Russia, where for more than 30 years in
tensive and extensive research has been 
devoted to some of the common and wide 
spread mycotoxicoses of domestic animals, 
and wh ere a sepa rate institute is devoted to 
the study of th ese diseases. 

Th e relative indiff erence to myco toxicoses 
in the United Sta tes was not due to lack of 
import ance of the di seases th emselves. In 
1934, for example, Illinois vete rinarians esti
mated that 5,000 horses were lost in centra l 
lll inois alone that yea r from "moldy corn 
disease." Assuming a value of $200 for each 
horse, which probably is cons erva tive, th e 
loss in one pa rt of Illinois in that single year 
was $1 million . No one expressed much con
cern. The diseases of livestock caused by 
consumption of corn invaded by toxic fun gi 
are still with us. 

Th e death of 100,000 tu rkey poults in 
England in 1960 involved a loss of abo ut 
$500,000 and aroused grea t int erest an d 
concern because pea nuts , th e ingredient of 
the feed finally found to be the cause, are 
consumed in quantity by people also. At 
that time th e cause of death of th e turkeys 
was not known, and the disease was referred 
to as "Turkey-X disease." Suspected causes 
included bacteria, viruses, chemica ls, and 
pesticide residues, and the possibility that a 
fungus toxin might be responsible was con
sidered only aft er all oth er possibilities had 
been exha usted, as has been the case with 
most other mycotoxicoses also. 

By 1962 the cause of Turkey-X disease 
had been traced to a lot of peanuts, from 
which the feed had bee n made in part. 
Some of these peanuts had been invaded by 
the fungus Aspergillus /lavus. Soon it was 
found that some stra ins of this fungus, whe n 
growing in certa in materials such as pean uts, 
produce a very potent toxin, since named 
"a flatoxin." 

Some kinds of animals, among them du ck
lings (but also other poultry) and rainbow 
trout, are extremely sensitive to aflatoxin. A 
few parts per million of aflatoxin, and some-

G. H. N elson is an asso cia te professor in the 
D epartment of Veterin ary Diagnostic Labo ratories , 
Co llege of Vet er inary Med icine. C. M. Christensen 
is a professo r and C. J. Miroc ha is an assis tant 
professor in the D epartm ent of P lant Pa tho logy 
and Phy siology. 

times even a few par ts pe r billion , in the 
feed consumed by the young of these ani 
mals may resu lt in dea th in a few days to 
a week. The lesions involve severe pa
thological cha nges in the liver , including 
an especially malignant type of cancer. The 
effects of aflatoxin on man are not known . 

Aspergillus !lavu s occurs rather common ly 
in stored gra ins and seeds such as corn, 
sorghum, wh eat , rice, soybeans, and cotton
seed, and it is not too uncommon even in 
high-grad e whit e flour. \Vh en growing in 
some of th ese materials, some strains of 
the fun gus can produce aflatoxins. 

The Food and Dru g Admini stration and 
other public health organizations are well 
aware of th e desirability of keeping foods 
free of aflatoxins. For some tim e peanut s, 
peanut produ cts, and other products likely 
to conta in aflatoxins have been under close 
surveillance to prevent materials with de
tectable amounts of aflatoxins from getting 
into foods. There is no such close surveil
lance of feeds, but we and others are justi
fiably concerne d with th e role of aflatoxins 
and other fun gus toxins in the health of 
an imals. 

A Study of Myeotoxins 

Our own work on mycot oxins began in 
1963 as a resu lt of common interest in the 
problem by researchers in the Diagnostic 
Laboratories of the College of Veteri nary 
Medicine, and in the Institute of Agricul
tu re's Dep artm ent of Plant Path ology and 
Ph ysiology. Th e Diagnostic Lab oratories 
work closely with practicing veterinaria ns 
th roughout Minn esota and part s of neigh
boring states. When th ese veterinarians en
counter, in more than a few animals, illness 
or death that cannot be att ributed to a 
known and definite cause, the ill or recently 
dea d animals are likely to be sent to th e 
Diagnostic Laboratories for thorough ex
amination and diagnosis. 

Many cases of illness or death in herds 
of swine or catt le and in flocks of chic kens 
and turkeys, as well as sudden drop in egg 
produ ction by laying hens, cannot be at
tribut ed to diseases caused by bacteri a, vi
ruses, or othe r known agents. One reasonable 
possibili ty is th at at least some of these 
diseases of unknown cause are due to some
thing in th e feed , such as mycotoxins. The 
na tur e of the work now in progress can best 
be illustra ted by out lining a few of the 
problems. 

Estrogenic Syndrome 

Estrogenic syndrome is a disease involv
ing various disturb ances in the reproduc

rive organs, especially in swine, but to some 
extent in other animals also. In swine it may 
result in vulvovag init is, prolapsed vagina, 
enlarged uterus, and abor tion, and it con
stitutes a problem of some importa nce in 
many swine-growing areas of the United 
Sta tes, including Minn esota. 

In the summer of 1963 this disease ap
pea red in an expe rimental herd of young 
swine maint ained by a firm that produ ces 
animal feeds and fed a ration of pelleted 
pig fecd produ ced by th e firm. Fed to rat s 
and guinea pigs for a week, this feed re
sulted in grea tly enlarged uteri. A variety of 
fungi wer e isolated from this feed, but no 
Fusarium. 

In 1964 the estroge nic syndrome appea red 
in a herd of swine on a farm near Buffalo, 
Minnesota; when the swine were put on a 
d ifferen t ration th ey quickly regained normal 
hea lth . We ob taine d several bu shels of th e 
corn that had been fed to the swine when 
the estrogenic syndrome developed, and 
found that it contained about 30 percent 
of kern els heav ily invaded by fun gi. A con
siderable variety of fun gi were isolated 
from tbis com, were grown for a time on 
autoclav ed moist corn, the n dried , ground, 
and fed for 7 days to white rat s. The rats 
were th en sacrificed and their ute ri weigh ed. 
Some isolat es of Fusarium from the corn 
caused an 8- to lO-fold increase in weight 
of uteri of the rat s. 

Subsequently some 45 isolat es of Fusar
ium from corn in cribs in Minnesota, South 
Dakota, and Iowa were similarly tested , and 
14 of the isolates result ed in mode rate to 
large increases in weight of uteri of white 
rat s. One of the more poten t isolates was 
grown in a larger qu ant ity of autocl aved 
corn , which was th en dried and fed as 25 
percent of their ratio n to gilts 6 weeks old. 
In 3 days these gilts had pronoun ced vulvo
vaginit is, and in 3 weeks two of them had 
prolapsed vaginas. The control pigs, litte r 
mates of these and other pigs of th e same 
age, but fed sound corn, remained healthy. 

Th e estrogenic comp ound (1'-2) prod uced 
by th e fungus has bee n isolated , purified, 
and cha racterized. A small crystal of the 
pure substa nce, dissolved in liqu id and in
jected into rats every second day for 6 
days, resulte d in greatly enlar ged uteri by 
the end of the sixth day. This sam e com
pound was extracted from the sample of 
commercial feed ment ioned earlier as caus
ing the est rogenic synd rome in swine to 
which it was fed. 

Th ere is no question but that this feed 
had as one of its components, corn heavily 
inva ded by an estrogen-producing Fusarium. 
The same compound was extracted from the 
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corn obtained from the farm near Buffalo 
where the estrogenic syndrome appeared in 
a herd of swin e. 

So far , then , our wor k appea rs to have 
established th at a compound pr odu ced by 
Fu sarium is one ca use, and probably a ma
jor one, of th e estrogenic syndrome in swin e, 
and meth ods hav e been develop ed to de
tect th e presence of this compound in feeds . 
Much remains to be found out ab out this 
disease, and our work with it continues . 

Testing for Toxicity in Feeds 

On e lot of hro iler ration, produced com
mer cially , ca used some symptoms of illness 
wh en fed to chic ks in an experimenta l flock 
maintained by the producer of the feed . A 
sample of th e feed was sent to us and was 
fed to eight chicks 4 weeks old; all of th em 
died within 7 to 10 days, with symptoms 
th at sugg ested poisoning by aflatoxin. \Vhen 
cultured , thi s feed yielded man y colonies of 
Aspergillus f/avus. T en of th ese isolate s 
were grown sepa rately in moi st autoclav ed 
corn and fed to chicks, and 2 of th e 10 
isolat es result ed in death of the chi cks to 
which th ey were fed . Ch emical ana lyses of 
this feed ind icat ed it was nouris hing, but in 
feed ing tests it wa s leth al. 

From the same batch of feed we isolat ed 
another fungus, Chaetomlum globosu m, 
whi ch wh en grown on autoclaved moi st 
corn and fed to rats , killed th em in a few 

days. \V e pr eviously had isolat ed the same 
fun gu s from corn being fed to pigs on a 
Farm in Minnesota ( it is a fairl y common 
fun gus ill corn and some oth er grains ) and 
had foun d that some of th ese isolates, wh en 
grown 0 11 moist autoela ved corn and fed to 
rat s, would kill th em. 

Subseq uently we tested 53 isolates of C. 
ulobosum, of whi ch 25 were leth al to rat s. 
Thirty-six single spore isolat es of one stra in 
of th e fun gus also were tested , and all of 
th em were lethal to rat s; symptoms in th e 
rats included hemoglobinuria, h emorrhagic 
ente rit is, subdur al hemorrhagin g, and di s
turbances of th e central nervou s system. 
Corn inoc ulated with a known toxic isolate 
of C.' globosum, and wh ich was lethal to 
rats wh en fed to th em , was fed as th eir 
sole rati on to seve n boars 6 weeks of age; 
th ey appeare d to consume it with relish , 
their weight ga in was norm al, and no symp
toms of illness or di str ess app ear ed within 
6 weeks. 

To dat e we ha ve tested for toxicity, as 
describ ed abo ve, more than 1,000 isolat es of 
fungi from gra ins, hay, and pr epared feeds 
from farms where unexpl ained illn ess or 
dea th occur red in flocks or herds or domestic 
animals. Of th ese 1,000-plus isolat es, more 
tha n 1.50 have been lethal to rats . 

Of 26 isolates of Fu sarium from a Farm 
near Mapleton , Minnesota, which were 
grown on autoclaved moist corn and fed 
to rat s, 25 resu lt ed in death of th e rat s 

LEFT: Corn heavily invaded 
and decayed by fungi, includ
ing Fusar ium, from a farm on 
which the estrogenic syn
drome appeared in a herd 
of swine fed with this corn . 

RIGHT: All gilts were affected 
with swollen edematous vul
vas and enlargement of mam
mary glands after consuming 
experimental feed. 

2 3 
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wit hin 5 to 7 days, and ill tha t time most 
of th em resulte d in a 10- to ll -fold increase 
in weight of uteri of the ra ts. Some strains 
or species of Fusariu l1l may cause mainly an 
estrogenic response in animals tha t consume 
th em , others may cau se a pronou nced estro
genic response bu t also rapid de ath . Others 
ma y cause rapid death with no estro genic 
respons e, while still others make the gra in 
unatt racti ve to swine. 

Of 47 isolat es of Penicillium similarly 
tested , 37 result ed in death within 4 to 5 
days of the ra ts to which th ey were fed . 
Twenty of 21 isolates of Alternaria, 2 of 7 
isolat es of Asp ergillus !law s, 3 of 5 isolates 
of A. ochraccus, 6 of 6 isolat es of A. niger, 
13 of 13 isolat es of Cladosporium , and 9 of 
12 isolates of Scopul ariopsis similarly re
sulted in death within a few days of the 
rat s to whi ch they were fed, in some cases 
afte r consumption of only a few grams of 
th e fungus-invad ed feed . 

Fr om th ese results it seems reasonable to 
suppose th at mycotoxicoses of one sort or 
another pr obabl y are common in domestic 
anim als, and that th e problem in general 
deserves more research th an has been de
voted to it up to now. Wo rk on mycotoxi
coses here and at other institutions wh ere it 
now is under wa y will be continued, and 
it seems likely that work of a similar sort 
will be undert aken soon by oth ers. Before 
too long we may know much more abo ut 
these diseases th an we know at pr esent. 0 

LEFT: Effects prod uced ex perim ent a lly 
on both the external a nd inte rna l 
genital organs of immature gilts by 
feeding corn invaded by a pure culture 
of Fusarium # 5: 1-active ova ries 
(a rrow) and no rmal uter us; 2-inactive 
shrunken, nonfunctioning ovaries 
(a rrow), swo lle n, enl a rged ute rus a nd 
vulva from g ilt fed 7 da ys on corn 
invaded by Fusarium # 5; 3-non
functioning ovaries (a rrow), tortuous 
g rea tly enlarged uterus, p ro la psed 
vagina from gilt fed 18 days on corn 
invaded by Fusa rium # 5 . 
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Diseases Common to Dogs, Cats, and Man
 
George W. Mather 

A GROWING DESIR E TO OWN PETS has swelled the nu mbers of 
dogs and cats in the United Sta tes to record levels- some 26 million dogs 
and at least that many cats. 

Why the booming pet population? Part of the answer is simply "More 
people," and more people- more pets. Another reason is shorte r working 
hours and more leisure time for most of us: more leisure time- more 
time to hu nt with , to show, to train, and to enjoy our pets. 

We're retiring earlier and living longer, and many of us receive in 
valuable companionship and com fort from a pet do g or cat. And more 
and more of us are moving to the suburbs where pets are a natural part 
of the pleasures of suburban living. 

We generally treat our pets well-like members of our family. And 
along wit h the pleasures and pride of pet owne rship we accept the obli
gation to guard their health and provide for their medical care . If we 
forget this obli gation at times, it is probably because the science of an imal 
health has become so efficient that we are often unaware health hazards 
exist. To day your veterinarian can either prevent or effectively treat 
diseases described in this article that may be tr ansmitte d from animals to 
man. 

Rabies	 severa l extremely effective anti-rabies 
vaccines for do gs and cats since 19.50. Rab ies was one of the first recorded 
As a result, vaccinat ion has increased diseases of animals that could be 
and the number of cases of ra bies in transmitt ed to man. Pasteur developed 
dogs an d cats has been dra matically a vaccin e that redu ced the number of 
reduced . If all dogs and ca ts were human deaths; research and diagnos
given anti-rabies vaccine we would tic laboratories ha ve provided addi
practically eliminate the disease intiona l information regard ing the na 
dogs and cats and redu ce the hazard tur e of the disease and developed ad 
to man. d itional an iti -rab ies vaccines for both 

Today research ers are investigat ing man and animals. 
the still-Widespread incidence of ra In Minnesota, skunks are the pri 
hies in our animal popul ation. T his mary reservoir of rabies in an imals, 
incidence fluctuates from year to year. and bites of rabid skunks are the pri 
In Minnesota in 1964, rabies was re mary source of rabies infection for 
por ted in 92 cattl e, 17 dogs, 2 horses, domestic anima ls and man . Only one 
16 cats, 6 pigs, and 298 skunks, an d human death du e to rabies has been 
12 cases were reported in other anireported in Minnesota in more than 
ma ls. In 1965 only 190 cases were re 20 years; a boy sleeping in a tent was 
por ted : .33 in cattl e, 7 in clogs, 9 in bitten by a skunk and died about a 
cats, 131 in skunks, and 10 in other month later. Although humans are be 
animals. lieved to be comparat ively resistant to 

Rabies also occurs in insectivorous rabies , a physician should be con
bats in Minnesota and most othe r sulted whenever anvone is bitte n bv 
sta tes. Human deaths from rabies an anima l so that the possibili ty df 
have followed bi tes of bats in \ Viscon rabies can be prevented by appropri
sin , Texas, and Californ ia. ate treatment. 

\Ve expect that fur ther research will Research scientists have developed 
contribute to more effective contro l 

D r. George \ Y. Mat he r is a prof essor in the D e of rabies in our wild life po pulat ions. 
pa rt men t of Ve te rin ary Med icine. College of Veter i 
nary Medi cine.	 Un til these methods are found , man's 

safest course is to avoid contact with 
hats or other forms of wildlife. Con 
sult a physician in case any member 
of your family is hitten by an anim al, 
and consult a veter inarian if your 
dog or cat bites a human or is hit ten 
hy anot her anima I. 

Leptospirosis 
Leptospirosis is a bacterial infection 

tha t may he transmitted from domes
tic animals to man. The organisms 
responsible for the disease mav he 
shed in the urine of an infected' ani
mal. Le ptospira can live for da ys in 
moist areas, particularly in stagnant 
wa ter. 

The re is experimen tal evidence to 
indicate that animals and humans are 
easi ly infected through the respir atory 
tract, skin abrasions, and conjunc tival 
sac of the eye, and that infection by 
mouth is un likely. In spite of the very 
close associa tion between man and 
anima ls, the inc idence of leptospirosis 
in hu man populatio n is relatively low. 
As a safeguar d, follow accepted sani
tati on practices such as thoroughly 
wash ing your hands before and after 
caring for a sick anima l. 

Tularemia 

Tularemia is a bacte ria l infection 
seen primarily in rodent s, bu t dogs 
and man are susce ptible. The disease 
in do gs may be subc linica l in which 
the infected an imal displays no visible 
illness. The organ ism causing the di
~e ase can persist in the throat of a dog 
for at leas t several days following the 
dog's exposure to an infected rodent. 
In spite of th e persistence of organ
isms in throats of dogs, the infec tion 
of human beings from this source is 
believed to be rare. A far grea ter 
cha nce of hu man infection is present 
from contact with infected rodents . 

Systemic Mycotic and Mycotic-like 
Infections (fungus infections) 

Severa l mvcotic and mvcotic-like 
diseases ( actinomycosis, nocardiosis, 
blastomycos is, histoplasmosis, cocci
clioid mycosis, an d toxoplasmosis ) pr i
marily affect th e respiratory tract, the 
alimentary tract, and skin, bone, and 
lymph oid tissue of clogs and cats. Al
though both man and domestic ani
ma ls are susceptible, there is little or 
no evide nce to show transmission of 
these diseases from man to an ima l or 
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animal to man . It app ears that all 
hosts obtain th e infect ion from com
mon sources in nature. In some in
stances, th e mechanism of transmis
sion of the disease-pro ducing agent is 
not com plete ly understood. T here arc 
few, if any, proven instances of tran s
mission of these diseases from animals 
to man . 

Superficial Mycotic Infections 
(fungus infections) 

Sup erficial fun gus infecti ons in an i
mals are relatively common. Bing
worm, or mycoti c dermati tis, is com
monly seen in cats and may be shared 
at times with human beings. Children 
ap pear to be mor e susceptible than 
adults. 

Any skin disease involving a pet 
should be examined by a ve terina rian . 
Ca ts, par ticularly kittens , seem to he 
unu sually susceptible to mycotic in 
fections. The disease is obs erved pri 
marily on th e head and ears of cats, 
where th e hair will br eak off close to 
the skin and appear as a short stubble. 
At tim es, the skin becomes pigmen ted 
at the site of infection. 

Hingworm lesions on do gs are usu 
ullv seen on the head or extremities 
an ~l arc potential sour ces of infection. 
Mycotic infections in animals may be 
effectivelv tr eated ; thev are a minimal 
hazard \~hen under treatment, since 
the orga nisms on the surface of th e 
skin are destroyed. 

If a pet do g or ca t th at is in close 
contact with members of your famil y 
is affect ed by ringworm or other fun
gus disease, consult your veterinarian 
and avo id risk of spreading th e infec 
tion to humans . 

Ectoparasites (external parasites) 

Alth ough parasites are rather host 
spec ific, certa in ectoparasites of dogs 
and cats can infect man, particularl y 
if the na tur al host is not convenientlv 
ava ilable for the parasite . . 

1. Fleas, common parasites of dogs 
and ca ts, usuallv limit their infestati on 
to these species, But if many fleas are 
pr esent or if do gs and cats are not 
convenien tly availab le, the fleas may 
feed on human bein gs. E liminating 
fleas from th e pet th rou gh th e use of 
powders or sprays , together wit h very 
thorough vacuum cleaning of th e 
home, will eliminate or grea t ly reduce 
the Ilea population. 
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2. \ Vood ticks , common pa rasites in 
Minnesot a d ur ing May and Ju ne, pr i
marily infect dogs an d wild animals. 
At times human bein gs become in 
fec ted wi th ticks, not from a do g or 
oth er an ima l, but from con tact with 
ticks in the woods or fields. Seek your 
veterinarian's advice on rem oving 
ticks from a dog or cat. In case of hu 
man infection, call a physician for 
advice . 

:3. Sarcoptic man ge is a skin disease 
of dogs caused by small burrowing 
mites. Althou gh thi s parasite is q uite 
host-specific, human bein gs in int i
mate contact with an infect ed dog 
mav con tract th e di sease. Scab ies 
( sa"rcoptic mange ) in human beings 
is usually seen on th e inner aspects of 
th e arms and on thin-skinned por tions 
of the hody. The disease causes con
side rable irritation and itching. T reat
ment with recently developed insect i
cides is simp le and effect ive in both 
an ima ls and man. 

Endoparasites (internal parasites) 

Several int ern al par asit es are com
mon to pets and man but not common
ly tran sferred from pets to humans. 

1. Visceral larval mi grans. The lar 
val forms of the common roundworm 
of dogs and cats may infect man . The 
lar vae are lib erated from rou ndworm 
eggs after a human eat s or drinks 
them, and find their wa y into th e in
termuscular septa and other locations 
in the body wh ere th ey become en 
cysted and inactive. Although the true 
incid ence of larval infection of this 
nature is unk nown , it is believed to be 
low . Common cleanliness and sanita 
tion ma ke this form of infect ion quite 
unlikely. Follow these pr ecautions: 

( a )	 Have your veterina rian test a 
fecal spec imen from your do g 
or cat . If evide nce of int ernal 
par asit es is seen, have the ani
mal treated . 

( h )	 Co ver children's sand boxes 
wh en not in use to avoi d fre
q uent ing by eats. 

( c )	 Remove feces of dogs and ca ts 
in areas where children play. 

(d)	 Teach children to wash th eir 
ha nds after p lay ing in soil. 

2. Topc icorm ini cstation : All tape 
worms of th e dog require intermedi
at e hosts. In fecti on in do gs end rarely 

in human beings is by eating or drink
ing an inte rmediate host which in turn 
must be infected with a developmen 
tal for m of the tapeworm. 

AIthou gh the broad fish tapeworm 
of dogs is capable of infecting ma n, a 
hu man must cat the ra w flesh of cer
ta in fish to become infec ted . Proper 
cook ing of fish prevents the prob lem. 

Man can serve as the intermediat e 
hos t for one of the small tapeworm s 
of th e do g. Such an infection pro 
du ces hyda tid disease, an infection of 
the liver or lungs in ma n. Hyda tid 
disease is an infreq uent hum an infec 
tion in this country but should be con
sidered wh en traveling and living in 
other countries of the world . 

.3. H ooki corni larval infect ion: T he 
larva l stages of one of the hookworms 
capa ble of infec ting dogs can infect 
the skin of hu mans and cause a con
d ition know n as creeping eruption . 
But th e lar vae in the skin soon die 
and cause no fur ther problem. This 
condition has been repor ted in the 
southe rn United Stat es but is ra re ly 
found in northern latitudes. 

Alt hough dogs and cats are some
tim es falsely accused of bein g a sour ce 
of pinworm infect ion for hu mans, they 
are not hosts for th is parasit e. 

Exotic Pets 

Exotic pe ts, at best, are fads or con
versat ion pieces. On ce the excitement 
of ownin g an unusual pe t fades and 
an owner rea lizes that its care means 
wo rk, he usua lly looks elsewh ere for 
a tru e pet . 

Summary: 

Severa l potential d iseases ar e pres 
ent in pe t ownership . But th e likeli 
hood of an owne r and his fam ily con
tracting a d isease fro m a pet is rem ote 
if the animal receives proper ca re and 
a ttention as need ed from a ve terinari
an. Knowledge gained through re
sear ch enab les us to contro l disea ses 
communicab le from pets to man. Con
su lt vour veterinarian wh enever a 
question relative to your pet arises. By 
all means give your animal ad equ ate 
protection from rab ies th rough rabi es 
vaccina tion: this applies to cats an d 
othe r pets as well as dogs. Be sur e 
that your pet is properly ho used and 
restrained ; this precaution will do 
mu ch to sa feguard both your pet an d 
any human that might contact him. 0 
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Protein Int ake and Ca lcium Utilization 

Nutrition Research� 
and the public health� 

Margaret D. Doyle, Lura M. Morse , and Robert J. Sirny 

INCE THE EARLY 1900's when a physician named SJoseph Goldberger found th at pellag ra was caused by a 
nu tritional deficiency, nutrition has been a major area of con
cern in pu bl ic hea lth. Th e passing yea rs have seen virtual 
eradication of goiter through th e use of iodi zed salt, red uction 
of tooth decay by fluoridation of water supplies, rapid dis ap 
pearan ce of pellagra in th e Sou th , and conques t of ricket s and 
other nutritional problems. 

With time, emphasis has shifted from undernutrit ion and 
the effects of deficiencies of various nutrients to a conce rn for 
the var ious disord ers of overnutrition that p lague an affluent 
socie ty. To day many research and ed uca tional pro grams in 
nutrition deal with problems such as excessive weight, over
dosage with vita mins and possibl y wi th minerals , and th e 
increasing incidence of athe rosclerosis and heart disease. Nu
trit ionists and public health workers have becom e increasingly 
aware that th e various nutrients cannot be viewed separat ely. 
but must be conside red in relation to one ano ther. 

Protein in the Diet 

In our luboratorv we hav e been int erested for some time 
in the relationship ~f protein in take to other aspects of th e 
diet. In recent studies we observed the effec ts of maintaining 
14 young men on vegetari an diet s supplying minimal levels 
of protein. The diets consisted of a wide vari ety of fru its, 
vegetables, cereals , and nu ts, and the men lived on th ese diet s 
for 5 to 6 weeks . 

We observed th at the subjects had difficulty in mai ntai n
ing their usual body weigh t on low-p rotein die ts of pr e
sumably adequate ca loric value . To prevent weigh t loss it 
was necessary for some sub jects to increase their caloric in
take by as much as 45 percent. The average caloric intake 
in the group was increased by 24 pe rcent. 

When protein intake was increased slightly by adding a 
a toast ed soybean pr oduct or the soybean p rodu ct plus dr ied 
skim milk to th e die t, problems of weight ma inten ance were 
large ly eliminated and ca loric int ake d uri ng this period in
cre ased by less than 10 percent. 

Caloric requirement depends in part on the level and 
nature of protein in the diet. On the other hand, the efficiency 
of util ization of protein somet imes depends on the ca lo ri~ 
level of the diet. In the p resent per iod of rapid ly expand ing 
wo rld population such studies may be of practica l significance 
in determ ining the most efficient protein-calorie relat ionship 
for hum an nutrition. 

If necessary, a pop ulation group could be maintained 
satisfactorily on a diet that supplied p rotein entirely from 
fruits , vegetables, cereals , and nuts. But to assure adequacy 
of a diet without animal pro teins it p robab ly wou ld be wise 
to increase the to tal amount of protein com pared to the pro
tein level of a diet with animal protein. 

Mnr garet D . Doyle is an associate professor and Hobert J. Sirny uud Lura 
M. Mo rse arc professors in the School of Home Economics. 

In oth er studies with hu man subjects we ha ve explored 
th e int errelationship between the level of prote in intake and 
the utilizat ion of calcium. We also have stud ied th e influence 
of protein int ake on th e metabol ism of other min era l elements, 
especially mangan ese and magnesium. In some cases the type 
of pr otein consumed will influence the intestinal absorption 
of the minerals. For example, soybean and other products 
conta ining h igh phytic aci d tend to depress the absorption 
of min erals such as magnesium and calcium, although man
gan ese rem ains unaffected . Suc h information is useful when 
considering fortifica tion of soybean prod ucts for feeding un
derdeveloped populat ions. 

Birth Defects 

Rem ember the thalidomide d isaster a few years ago that 
res ulted in the bi rth of thonsands of deforme d children in 
western Europe? Rem ote from nu tri tion as this p roblem may 
seem, we have kno wn for many yea rs that nutritional de
ficienci es of various types cause birth defects in babies. If we 
could find reasons for th e developme nt of th e abnormali ties 
it might be possib le to pre vent th eir occurre nce, 

\Ve are conductin g laboratory studie s of the mechanisms 
bv wh ich a defici ency of folic acid , a vitam in, causes seve re 
congenit al abnonnalit ies in animal s, Although these experi
ments cannot be imm ediately applied to the problems of hu
man birth defects, thev may lead us to an understanding of 
th e wuys in which defects are br ought abo ut in all animals . 

Fat in the Di et 

As nutrition knowledge adv ances, new problems for re
search arise. The recent emphasis on how the amount and 
type of fat consumed in th e die t may affect hu man health has 
presen ted many new pro blems. \Ve have recently become a 
pa rt of a north-central regional resea rch project to stu dy 
how the kind und amo un t of fat consumed affects the metabo
lism of other nutrient elements such as amino acids and 
vita mins. The answers to some puzzling problems of the 
re lat ionsh ip between fat and other nu trients may be found 
in the years ahead. 

Nutrition research in all of its munv facets is alwavs 
re lated to the public health, and the long- term goals of tl;c 
nu tritionist lie in thi s d irection. In the words of a noted 
nutritionist, D. M. HegstecI of the Harvard School of Public 
Health, our objec tive for the human is "a long life with 
min imum disease and maximum intellectual capacity." 0 
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