
©          Nature Publishing Group1965

No. 5o1o November 6, 1965 NATURE 531 

USE OF PIGS IN BIOMEDICAL RESEARCH 

By DR. L. K. BUST AD 
Biology Department, Pacific Northwest Laboratory, Battelle Memorial Institute, Richland. Washington 

AND 

R. 0. McCLELLAN 
Medical Research Branch, Division of Biology and Medicine, U.S. Atomic Energy Commission, Washington, D.C. 

T HE first symposium devoted exclusively to the basis 
for and extent of utilization of pigs in biomedical 

research was held at the Pacific Northwest Laboratory, 
Richland, Washington, during July 19- 21, under the spon
sorship of the U.S. Atomic Energy Commission and the 
Battelle Memorial Institute (contract AT(45---1)1830). 
About 150 scientists from Canada, Denmark, France, 
Germany, Great Britain, Switzerland and the United 
States joined scientists of Battelle Memorial Institute's 
Pacific Northwest Laboratory (a U.S. Atomic Enorgy 
Commission facility formerly operated as the Hanford 
Laboratories by the General Electric Co.) for three days 
of formal presentations and panel discussions. 

The symposium was divided into four general categories: 
(I) comparative anatomical and physiological character
istics; (II) biomedical applications of pigs and miniature 
pigs; (III) laboratory management practices; (IV) 
miniature pig development programmes. Session and 
panel chairmen were: D. L. Anderson, Division of 
Biology and Medicine, U.S. Atomic Energy Commission; 
T. J. Cunha, University of Florida; D. K. Detweiler, 
University of Pennsylvania; H. W. Dunne, Pennsylvania 
State University; D. C. England, Oregon State Univer
sity; T. Gillman, Institute of Animal Physiology, 
Babraham, Cambridge; W. Montagna, Oregon Regional 
Primate Research Center; L. E. Mount, Institute of 
Animal Physiology, Babraham, Cambridge; and J. H. 
Rust, University of Chicago. 

D. F. Cox, Iowa State University, reviewed pig genetics, 
pointing out that with the exception of information on the 
inheritance of blood antigens of pigs, knowledge of the 
genetics of inherited traits which are controlled by a few 
genetic factors is limited. He noted that domestic pigs 
provide some unique opportunities for research because of 
the vast array of genetic variation both between and within 
the various breeds. 

Inheritance investigations described by J. Moustgaard 
and M. Hosselholt, Royal Veterinary and Agriculture 
College, Copenhagen, have shown that the presence or 
absence of antigenic factors on the surface of pig erythro
cytes is genetically controlled by allele genes belonging 
to fourteen chromosomal loci. Blood group systems have 
been established and designated by letters A B C E F G 
H I J K L M N and 0. 

R. A. McFeely, University of Pennsylvania, presented 
recent work on pig cytogenetics. The pig appears particu
larly well suited for cytogenetic investigations because it 
has only 38 chromosomes, which can be readily paired 
and grouped in a manner not unlike human chromosomes. 
Of particular interest are studies in pigs with intersex 
conditions where chromosome analyses in several cases 
have shown that the role of the Y chromosome in the 
determination of sex may be somewhat different from that 
in man and the mous6. 

D. Smidt et al., University of Gottingen, reported on 
their investigations of reproduction using miniature pigs. 
They obtained fertilized ova by flushing oviducts and 
transferred the eggs from miniature sows to other minia
ture sows and reciprocally between miniature and 

Landrace sows. Tho embryo implantation rate was 25 per 
cent, and 50 per cent of these were carried to term. The 
size of the sow influenced the birth weight and tho pro
portions of the pigs. The weight differential persisted 
until they were about 6 weeks old. 

Birthe Palludan, Royal Veterinary and Agricultural 
Col.lege, Copenhagen, presented an interesting, comprehen
sive review of teratological studies in pigs with avitamino
sis-A. A number of malformations were observed, the 
most frequent being microphthalmia. No malformations 
were seen if vitamin A was administered to vitamin A
deficient sows before the 16th- 17th day of gestation. 
Administration of large doses of vitamin A to pregnant 
sows caused eye anomalies and malformatioru; of the 
heart similar to those caused by vitamin A deficiency. 
She also observed that thalidomide administered at high 
le,.els to pregnant pigs caused retarded development of 
the palate, heart, lungs, alimentary tract, and urogenital 
system. 

L. E. Mount, Institute of Animal Physiology, Cam
bridge, described the patterns of heat production and heat 
loss in the new-born pig, relative to the pig's environment, 
and discussed some similarities to those observed in the 
human new-born. 

S. L. Hansard, Louisiana State University, described 
extensive investigations of placental transfBr and foetal 
utilization of absorbed minerals. He noted that absorbed 
minerals pas.'3ed freely from dam to foetus at a rate which 
was inversely proportional to ionic size, but that the 
cations iron, calcium, phosphorus, and zinc traversed 
the placenta more rapidly than the anions iodine and 
phosphorus. 

Several papers described work in the areas of dental 
and skeletal research. E. B. Jump and M. E. Weaver, 
University of Oregon Dental School, who pioneered the 
use of miniature pigs in dental research, described some 
advantages and limitations of this species. They noted 
that the pig masticates with both incision and trituration 
and is unique among the common laboratory animals in 
having a long period of deciduous and transitional 
dentition. This latter feature permits experimental 
investigations on many d6ntal problems afflicting children. 
Their preliminary work demonstrates the suitability of 
miniature pigs for clinical experiments in restorative 
dentistry, orthodontics, periodontics, and the pathology 
and therapeutics of the tooth pulp. An interesting, but 
unexplained, difference they noted between man and pig 
was that the latter produces larger amounts of dental 
calculi without experiencing the periodontal pathology 
associated with dental calculosis in man. 

A paper by H. D. Dellmann and R. C. McClure, 
University of Missouri, described skull measurements to 
establish a co-ordinate system for stereotaxic placement 
in the brain of the pig. Their results suggest the possi
bility of developing a stereotaxic atlas for pigs even 
though breed and strain differences exist. 

F. A. Spurrell, University of Minnesota, presented 
results obtained by him and his associates, W. J. L. 
l<'elts and L. A. Baudin, on t.he development of osteons in 
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pig and man, and the effect of dietary calcium restrictions. 
Cortical bone development in miniature pigs was com
pared and found similar to that in the standard domestic 
pig. 

Tho structure of bones of starved pigs was evaluated 
by C. vV. M. Pratt in a paper he presented with R. A. 
McCance, University of Cambridge. Newly weaned pigs 
were subjected to severe undernourislunent for periods up 
to 1 year, maintaining their weight at 3-8 kg. 

Their bonos, although showing no specific pathology, 
were structurally distinctive, being unlik!) either normal 
growing bone or miniatur!) rna ture bone. On the basis of 
calcium to collagen ratio, the bone appeared to be hyper
calcified. Recovery of these undernourisheci animals 
occurred when they wore allowed unlimited food. All 
bones ultimately reached close to their expected length, 
although mild deformities of the shaft appeared in some 
bones. 

Only Oile paper on renal physiology was presented. In 
this paper, T. W. Nielsen with C. A. Maaskc, University 
of Colorado, and N. H. Booth, Colomcio State University, 
reported on their work on st!l.ndard renal function tests 
performed on conscious unanaosthetized pigs. Endogenous 
creatinine, insulin, P AH, and osmotic clearance,; were 
determined. Thoy reported that the pig ht>.s predominantly 
short-looped nephrons (97 per cent), compared with 
S6 per cent for man, whereas in the dog nearly 100 per 
cont of the nophrons are long. The ability of the pig to 
conctlntrate urine was also comparable to man. The pig, 
however, appeared to be instlnsitive to urea loading, and 
?Cetylation of the P AH in the pig probably compromises 
.1ts uso for clearance measurements using this material. 

.Several papers discussed gastrointestinal function and 
nutrition. D. F. Magee, University of Washington School 
of Medicine, described investigations of pancreatic secre
tion in pigs, which he founci to have several advantages 
over dogs. He found that the volume of juice secreted is 
direct.ly related to the hydl'ogen ion concentration in the 
duodenum of pH 7-1 and (unlike the dog) peptone, oleic 
auid a~d olive oil all increased the output of amylase and 
lipase in the juice. Abovo pH 7, inhibition of secretion 
was noted. The pancreas seems to be involved in the 
regulation of duodenal pH on both sides of neutrality. 

In a paper by T. W. Perry et al., Purdue University, 
<>esophago-gastric ulcers observed sporadically in pigs 
were described anci were conside1•ed similar to those found 
in man. A high incidence of these ulcers could be pro
duced by feeding corn, gelatini:r.ed corn, wheat, barltly, 
or oats. Dietary additives such as 01:-tocopherol, men!1· 
dione, vitamin A, antibiotics, copper, and methionine 
were without effect in preventing the oesophago-gastric 
ulcers. 

W. G. Hubor and R. F. Wallin, University of Illinois, 
analysed the gastric sec1·etion from pigs bearing Heiden
hain pouches or simple gastric fistulae. Differences were 
noted in pH, froo a'lid, chloride, pepsin and histamine, 
between the two types of surgically prepared pigs; how
flYer, no significant difference was observed in total acid 
'secretion. Difficulty was encountered in maintaining 
.electrolyto balance in the pigs with tho Heidenhain 
pouches. 

Work on the sex-related differences in body composition 
in tho pig and human infant was described by L. J. Filer 
et al., University of Iowa. Filor noted that information 
on body composition of human infants is almost entirely 
restricted to that which may be accumulated by indirect 
methods of examination. He proposed thet the growing 
pig be used as a modo\ for comparisons to the human 
infant, permitting investigations on the infiuonco of age, 
sox and diot on the rate of growth and body composition 
during infancy. 

The application of pigs in investigo,tions of severe 
protein m<1lnutrition was discussed by W. G. Pond et al., 
Cornell University. Thoy found that when pigs were 
weaned at 3 weeks of age to dry, low-protein diets, bio-

chemical and anatomical changes occurred which resem
bled kwashiorkor in human infants. When a 3 per cent 
protein, low-fat diet was fed, the pigs remained active 
anci alert and failed to develop the ~evere liver pathology 
and oedema soon in pigs fed a :3 per cent protein, high-f'a.t 
diet. 

B. C. Johnson, University of Illinois, also reported on 
the results of undernutrition of pigs, with emphasis on 
enzymatic and cardiovascular effects of starvation and 
re-feeding. Apparent irreversible damage was produced 
in myocardium as well as arteries and arterioles as a 
result of stresses of re-feeding following starvation. 
J ·ohnson noted diastolic hypertension aftor only two 
starvation-re-feeding episodes. 

E. R. Miller and D. E. Ullrey described cardiovascular 
effects in baby pigs with dietary deficiencies. Thiamine
deficient pigs consistently exhibited bradycardia, sinus 
arrhythmia, and atrioventricLLlar blocks. In recent years, 
pigs have been increasingly used in cardiovascular research. 
In deference to this widespread interest, an evening panel 
was devoted entirely to cardiovascular research. D. K. 
Detweiler, University of Pennsylv1mia, who chaired this 
panel, reviewed the growing utilization of pigs in cardio
vascular investigations, especially in North America. and. 
GErmany. W. von Enge.lhardt, School of Veterinary 
Medicine, Hanover, presented a comprehensive review 
of pig cardiovascular physiology. 

H . Luginbuhl, a Swiss scientist now at tho Universit.y 
of Ptlnnsylvania, discussod spontaneous athero£clerosis in 
pigs. Although it has boon known for a decade that pigs 
develop lesions· comparable to those of the pro-atheroma
tous phase in hnman atherosclerosis, Luginbuhl is the 
first to report on a large series of aged pigs (mnging from 
8 to 14 years old). In these pigs, pre-atheromatous changes 
progressed to the formation of atheroma in the aorta, 
ili~Lc, cerebral and coronary arteries of several animals. 
Luginbuhl identified all tissue elements constituting 
atheroma of man, and described for tho first time the 
detection of complicated atherosclerotic lesions with 
ulcera.tion and thrombus formation in pigs. Areas of 
cereb1·al occlusion wero comparable to thoso in m.an. 

H. C. Rowsell et al., Ontario Veterinary College, reported 
on some of their investigations of the efl'ects of dietary 
substances found in the diot of man on the development 
of atherosclerosis in pigs. Thoir work has shown that 
diets high in butter, egg yolk and lard plus cholesterol 
increa.sed the amount of atherosclerosis and thrombosis 
in pigs. Rowsell et al. observed that, in endothelial 
prepamtions from pigs as young as 2 weeks of age, 
deposits rich in platelets occurred around vessel orifices 
and bifurcations in a topography and pattern similar to 
oarly Jltherosclerosis. Pigs were found to be ideally suited 
for the examination of the intenwtions of the vessel wall, 
the blood platelet, and blood coagulation. 

Several papers were devoted to experiments involving 
hon.rt surgery. C. A. Maaske, together with N.H. Booth 
and T. W. Nielsen, University of Colorado and Colorado 
St~J.to University, described experimentally induced cardiae 
failure in pigs. By partially occluding the main pulmonary 
artery of the pig, they produced a. slow, progressive, right
sided, congestive heart failure accompanied by signs of 
clinical heart failure. They noted that induction of con
gestive heart failure in pigs was particularly significant, 
since carciiac failure was induced by a single surgical 
mn.noeuvre, while in dogs, multiple assaults or series of 
surgical n1anoeuvres are required to produce comparable 
results. At necropsy, grossly distended central veins, 
right atrial and ventricular dilatation aud hypertrophy, 
hepatomegaly, and ascites were observed in affected 
animals. 

G. D. Lumh, Warner-Lambert Research Institute, 
Canada, also reported on investigations of experimentally 
induced cardiac failure in pigs. Taking advantage of the 
similarity of the distribution of the coronary arteries of 
pig and m.an, he ligated the coronary branches supplying 
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the atrioventricular node and bundle of His, and then 
examined the degree of collateral circulation that ensued 
and the beneficial effects of medication. 

D. C. Sawyer and H. L. Stone, U.S. Air Force School 
of Aerospace Medicine, reported on techniques and results 
of thoracic surgery for implantation of sensing devices for 
monitoring cardiac output and other parameters. They 
presented a coloured film on their surgical technique for 
implanting electromagnetic flow sensors placed around 
the ascending aorta. Implants remained functional more 
than 40 days. They r eported values of 5·3 l. jmin for 
cardiac output, a stroke volume of 41 cm3/beat and a 
heart-rate of 124 beatsjmin in unanaesthetized pigs 
trained to r6cline quietly on a laboratory table. The 
major reason for their choice of miniature pigs over the 
dog for these investigations was the high incidence of 
aortic rupture in surgically prepared dogs. 

In a more fundamental investigation, N. H. Booth 
with H. E. Bredeck and R. A. Herin, Colorado State 
University, reported on their work on the baro- and 
chemo-receptor reflex mechanism in pigs. H. Hoernicke, 
University of Hanover, closed the cardiovascular panel 
by reviewing the Berlin symposium on circulation in pigs. 
His review was largely concerned with hertztod, a cardiac 
disease in pigs of considerable economic importance in 
Germany. Difforences in cardiovascular performance 
between domestic and wild pigs were also discussed. He 
noted that body-temperature loss appears to be an im
portant factor in exarcise tolerance by domestic pigs. 

Normal haematological and biochemical parametars of 
miniature pigs were described by A. S. Tegeris et al., Food 
and Drug Administration, and by R. 0. McClellan et al., 
Batt elle-Northwest. Their papars provided extensive 
information on more than 30 parameters. Both papers 
emphasized the need for dynamic investigations in 
evaluating haematological and biochemical changes. 
McClella n emphasized the dynamic changes which appear 
to be age-relatad. 

Another very interesting application of pigs is in certain 
immunological investigations, for which they seem 
uniquely suited. D . Segre, University of Illinois, stated 
that the immunological incompetence of colostrum
deprived baby pigs could be overcome by the adminis
tra tion of the antigen mixed with minute amounts of 
specific antibody or with large quantities of normal 
y-globulin. By such investigations, support was generated 
for the natural selection theory of antibody formation, 
which holds that the antigen-antibody complex rather 
than the antigen alona constitutes the proper antigenic 
stimulus. Tha results presented by Y. B. Kim and by 
D. W. Watson differed somewhat from those of Segre. 
These workers, together with S. G. Bradley, University of 
Minnesota, found that "immunologic virgin" pigs appear 
to be immunologically competent, as manifested by their 
excellent response to antigenic stimuli-a single intra
peritoneal injection of 1012 particles of actinophage 
MSP-2. They found that germ-free, colostrum-deprived 
miniature piglets taken by hysterectomy 3-5 days before 
term were free of detectable immunoglobulins and 
antibodies if great caro was exercised in preventing 
contamination of the new-born pig, with any foreign 
contaminant such as dam's blood. Of related interest also 
to immunologists was a paper by D. E. Ullrey, C. H. 
Long and E. R. Miller, Michigan State University, in 
which they investigated the absorption of intact proteins 
from the first milk of the mother for protection of the 
new-born pig. Colostrum-deprived pigs were usf'd to 
establish that intact protein could be absorbed from the 
intestine after birth. This was done by feeding either a 
protein-free or protein-containing purified diet labelled 
with fluorescein isothiocyanate. One of their interests is 
to determine the mechanism of "gut closure", and in this 
regard they suggested that we may not have to wait very 
long for the clarification of thiR mechanism. If moons for 
readily 'opening' and 'closing' the gut to y-globulin-size 

particles could be developed, it would represent a sig
nificant fundamental and applied technique for those 
interested in areas such as immunization and anaphylaxis. 

Standard pigs are commonly afflicted with an arthritic 
condition that is of economic concen1 to pig producers. 
G. M. Neher and J. M. Carter, Purdue University, sug
gested that this naturally occurring arthritis of pigs 
bears many similarities to rheumatoid arthritis in man, 
although the aetiological agent is not common to both 
species. They observed that the disease could become 
active at any stage, and complete remissions were common 
in the early stages. Their work suggested that hyper
sensitivity is involved in the aetiology of the disease. 
R. W. Moore pointed out that at Texas A and M they 
have produced a mycoplasm arthritis in pigs which may 
be a superior model for rheumatoid arthritis in man. 

F. D. Klopfer related the results of some of his investi
gations of visual learning in pigs at Washington State 
University. He found that unless special procedures are 
used in rearing very young pigs, they do not learn readily 
to solve visual discrimination problems for food reward. 
The effective procedures appear to be those preventing 
the strong development of position responses in feeding, 
so as to permit the development of visual discrimination 
while feeding. Using discrimination learning procedures, 
Klopfer found it was possible to demonstrate wave-length 
discrimination in these animals and to determine the 
photopic and scotopic visibility functions. 

Pigs have been used quite extensively in radiobiological 
investigations; examples of present research in this area 
were reviewed in several papers. U .S. Naval Radiological 
Defense Laboratory scientists, in a paper presented by 
N. P. Page, described the recovery pattern of pigs given a 
large sub-lethal dose of X-irradiation. They four;,d the 
acute LDso/ao (mid-line air dose ) of 8- to 9-month-old gilts 
was about 400 r. for 1 mVp. X-rays. Recovery from the 
effects of 238-265 r. exposures was estimated by re
determining the LD50 at various times after their initial 
exposure. The animals had recovered from 48 per cent 
of the init ial injury by 3 days, and by 7 days the majority 
of animals appeared to have recovered completely. In 
fact, the data suggested that some of the animals harl 
become 'radio-resistant'. By 20 days the LD50 was about 
170 p er cent of the LD50 of the unconditioned animals. 

In another paper on the effects of external whole-body 
radiation, D. G. Brown, University of Tennessee Agri
culture Research Laboratory, reported on investigations 
of the late effects of pigs exposed to 15-700 rads of mixed 
neutron y-radiation from a nuclear detonation 8 years 
ago. About 44 per cent of the irradiated pigs still survive 
compared with 69 per cent of the controls. The increased 
mortality in the irradiated pigs is attributed to gastro
intestinal alteration and neoplasia. 

R . 0. McClellan reviewed the use of pigs in radionuclide 
toxicity investigations describing long-term exam;na
tions of the effects of daily ingestion of radiostrontium, 
investigations of the gastrointestinal absorption of 
plutonium and SNAP radionuclides, and metabolism 
and effects of plutonium deposited in the skin. H e 
emphasized the importance of the size of the minia
ture pig, gastrointestinal tract and relatively long 
life-span as pertinent factors in favouring the use of the 
pig because of the importance of these criteria when 
results may be extrapolated to man. Of special interest 
was the reported high incidence of haematopoietic tissue 
neoplasms in miniature pigs ingesting large quantities of 
strontium-90. 

For many years workers have regarded the skin of pigs 
as being very similar to human skin; it is only recently 
that careful, thorough, anatomical assessment has been 
accomplished by one of the outstanding authorities on 
skin, William Montagna. In a brief review of his work, 
Montagna stated that although pig skin shares some 
anatomical and histochemical features with that of man, 
it is distinctly different. The skin of both is characterized 
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by a sparse hair coat, a thick epidermis with a well
differentiated under-sculpture, a dermis which has a 
well-differentiated papillary body, and most noteworthJ'• 
a large elastic tissue content. In contrast to man, the 
pig dermis is poorly vascularized and the sebaceous glands 
contain much alkaline phosphatase. In view of his 
observations, Montagna recommended that caution should 
be exercised in suggesting that there is a strong resem
blance between tho two skins. 

In his interesting paper on pig skin, G. D. Weinstein, 
University of Miami, found the kinetics of epidermal 
proliferation to bo similar in man and pig. Using tritiated 
thymidine labelling, Weinstein showed that labellod cells 
in the epidermal basal layer had a transit time through 
the viable epidermis of 14 and 13 days in tho pig and 
human epidermis, respectively. Tho total turn-over time 
of pig epidermis is about 30 days, while in human 
epidermis it is 27 or 28 days. 

T. Gillman presented a film describing work on histo
genesis of healing incised and excised wounds which he 
has performed with his associate, L. Ordman, at tho 
Institute of Animal Physiology, Cambridge. Young pigs 
have been his principal subjects. Gillman stref'sed the 
indispensability of throe-dimensional analysis of histo
genesis. Sutures, ho noted, evoked marked reactions 
especially in epidermis and skin appendages transected 
by tho suture nesdlo. Tape closure utilizing micropore 
(Minnesota Mining and Manufacturing Co.) was found 
highly effective in eliminating these complications and in 
permitting perfect healing without wound disruption. 
Tho results of this work demonstrate that widely accepted 
descriptio,ns of healing cutaneous wounds are incorrect 
and therefore require revision. 

Two papers described the results of radiation exposure 
of pig skin. In tho first paper, J. 0. Archambeau et al., 
Brookhaven National Laboratory, reported on the use of 
pig skin for evaluating tho effects of ionizing radiations. 
They concluded that the histology and radiation geometry 
of pig skin resembled tho human sufficiently to warrant 
its use as an in vivo system for comparing effects of 
diffei·lmt types of ionizing radiations and extrapolating 
these results to man. 

In a paper by tho late L. A. George and L. K. Bustad, 
Battelle-Northwest, gross observutions of early and late 
changes in pig, sheep and rabbit skin after acute exposures 
to phosphorus-32 or strontium-90 plaques wore described. 
The pattern of early response observed in pigs resembled 
generally that described for man. 

One day of the syTnposium was set aside for panel dis
cussion of laboratory management and miniature pig 
development. L. E. Mount, Institute of Animal Physio
logy, Cambridge, was chairman of the panel on housing 
and handling. Tho members of this panol were: D. F. 
Cox, Iowa State University; A. Dottrners, University of 
Minnesota; F. L. Earl, Food and Drug Administration; 
R. L. Murphree, University of Tennessee (AEC); and 
R. 0. McClellan, U.S. Atomic Energy Commission. The 
panel reviewed experimental pig units at their sitos, and 
in. this cormexion. made recommendations on housing, 
including floor space, air movement, temperature, feeding, 
water, and farrowing facilities, and on techniques in 
handling, including bleeding and anaesthesia. 

S. G. Hastings, N. H. Booth and M. L. Hopwood, 
Colorado State University, submitted a paper on. general 
anaesthesia for thoracic surgery procedures, and G. L. 
Waxler and C. K. Whitehair, Michigan State University, 
read a paper on techniques for using germ-free pigs in 
biomedical research. J. J. Landy, University of Miami, 
gave a- brief report on his work wit.h delivery and main
tenance of germ-free pigs and the application of those 
procedures in human surgery. 

Another panel discussed nutrition of pigs. The panel 
included thA chairman, T. J. Cunha, University of Florida; 
A. Dettmers, University of Minnesota; L. K. Bustad for 
V. G. Horstman, Battelle-Northwest; L. J. Filer, Ross 

Laboratories; E. G. Hill, University of Minnesota; C. K. 
Whitehair, Michigan State University; and J. P. Bow
land, University of Alberta. 

In addition, E. G. Hill submitted a paper on fatty-acid 
composition of miniature pig tissue lipids, and J. P. 
Bowland submitted a review of his extensive work on tho 
composition of pig milk. 

Tho third panel discussion was on disease and disease 
control. The chairman of the panel was H. W. Dunno, 
Pennsylvania State University. The panel members wore: 
D. G. Brown, University of Tennessee (AEC); F. L. Earl, 
Food and Drug Administration; A. G. Edward, Univer
sity of California, Davis; R. A. Griesemer, Ohio State 
University; R. 0. McClellan, U.S. Atomic Energy Com
mission, for H. A. Ragan, of Battelle-Northwest; and 
M. J. Twishaus, University of Nebraska. Tho panel 
reviewed the disease problems encountered and most 
likely to be encountered in experimental pig herds, and 
recommended an effective disease control programme for 
experimental pig herds and for the use of pigs in the 
laboratory. 

D. C. England, Oregon State University, was the chair
man of a panel on miniature pig development. The panel 
members were: W. E. Rempel, University of Minnesota; 
L. Welch, University of Nebraska; D. Smidt, Gottingen, 
Gennany; J. C. Taylor, U.S. Department of Agriculture; 
P. Nizza, Fontonay-aux-Roses (Seine), France; and L. K. 
Bustad, Battelle-Northwest. Tho panel discussed the 
concept of miniature pig development and implementation 
of the concept, and defined essential features of existing 
herds. 

In his introductory statement, D. C. England recalled 
that in 1949 tho Hormol Institute of the University of 
Mirmosota began the first projoct to develop a breed of 
miniature pigs specifically for use in biomedical resee,rch. 
Medical personnel of the Mayo Foundation gave added 
impetus, since it recognized tho neod for a convenient 
experimental animal that would bettor meet certain 
anatomical and physiological demands. Tho objectives of 
the University of Minnesota programme were to develop 
pigs with a mature size small enough to be easily handled 
and maintained, with normal physiological characteristics, 

In tho reviow of the various herds under development 
it was clear that one had an assortment of strains from 
which to choose. Several herds are white-skinned and 
have adult body-weights about the size of man. 

An interesting recent introduction of the Labco pig, a 
gentle, sparsely haired pig obtained from Mexico by H. 
Quick, of Homewood, Illinois, into Hanford miniature 
pig was demonstrated. Many of the offspring were white 
and had sparse hair coats. The 'Labco' miniature and the 
'Vitavot' lab. miniature developed by F. Conder, of 
Marion, Indiana, represent the only private development 
of miniature pigs which have come to our attention. 

A promise of some very small stock from Nepal was 
reviewed by W. Rempel, University of Mirmesota, who 
showed pictures of some pigs that weighed only about. 
10 lb. at one year of age. This is oven smaller than the 
Vietnamese pigs which wore imported by Haring et al. 
into Gottingen, Germany, and crossed with Gorman 
'Landrace' and 'Hormel' miniatnros in their labora
tory. 

It appears that two classes of miniature pigs will bo 
established on the basis of predicted need. Not only is 
thoro a real demand for pigs which have an adult weight 
less than 30 kg, but also for one that as an adult weighs 
about 70 kg, similar to the so-called standard man and to 
tho woight of most of the miniature pigs now being 
used. 

Collectively, tho papers presented at tho symposium 
reflect the present state of our knowledge on the applica
bility of pigs in biomedical research and establish the pig 
as an important and very promising experimental animal. 

With tho development of a standard 60-lb. pig which 
may well be available during the next decade, many pigs 
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will assume a major role in research laboratories. In fact, 
an appreciable increase in usage is predicted before this 
lower weight is realized. 

Increased use of pigs and miniature pigs in the areas of 
genetics, nutrition, gastrointestinal and renal physiology, 

immunology, toxicology, radiobiology, and fundamental 
and clinical cardiovascular physiology seems assured. 
Additional information is needed to provide a firm basis 
for a broader assessment of the future role of pigs in 
biomedical research. 

NATURAL SELECTION AND TRANSMISSIBLE DISEASE 
AN informal meeting on "Natural Selection and Trans

rl. missible Disease", arranged on behalf of the Human 
Adaptability Sub-Committee of the International Bio
logical Programme (IBP), was held at the Ciba Founda
tion on July 21-22, 1965. In his introduction, Prof. J. S. 
Weiner said that there were now some thirty national 
IBP committees and it was envisaged that the pro
gramme would include both world-wide surveys on blood 
groups and other genetical traits and also more intensive 
multidisciplinary studies on selected populations. Genet
ical constitution in relation to disease had been adopted 
as an IBP topic, but so far there had been no discussion 
on the prospects of research or the methods to be 
used. 

Speaking on "The Genetical Analysis of Disease Sus
ceptibility", Prof. L. S. Penrose gave examples of 
inherited disease resistance in plants and animals, and 
pointed out that genetical analysis of this phenomenon 
in man was much more difficult. It was particularly 
difficult to disentangle the effects of inborn and acquired 
immunity and this made the interpretation of familial 
concentrations of such diseases as tuberculosis and acute 
rheumatism uncertain. Traditional beliefs about the 
differing disease susceptibility of racial groups might 
often be mistaken, and attempts to correlate body-build 
with disease susceptibility had not been convincing. 
Haldane initiated the modern approach in 1932, when he 
suggested that thalassaemia might protect against 
malaria, and Allison had provided evidence for this in the 
case of sickle-cell trait. In African peoples with high 
sickling rates, eradication of malaria could lead to a 
detectable fall of sickling frequency in three or four 
generations. Theoretical treatment of gene frequency 
dynamics was more complex for sex-linked genes and 
where several interacting alleles exist in the same popula
tion. He suggested that the effects of chromosomal ab
normalities induced by viruses on susceptibility to other 
diseases might be worth investigating. 

In the discussion, Prof. Penrose stressed the advantages 
of examining single-gene traits and questioned the value 
of twin-studies. Prof. Vogel thought that multifactorial 
characters should not be ignored and that useful data 
could be obtained from twins examined throughout their 
life-span. Dr. Kirk, Dr. Allison and Prof. Penrose dis
cussed the interpretation of gene frequency differences 
between West Africans and American Negroes. Dr. 
Roberts suggested that genetical data might be collected 
on volunteers experimentally infected with the common 
cold. The relationship between susceptibility to disease 
and clinical severity was discussed by Sir Graham Wilson, 
Prof. Stuart-Harris, Dr. Omerod and Prof. Vogel. 

Prof. C. H. Stuart-Harris spoke on the epidemiology 
of virus diseases. He said that their epidemiological 
behaviour was similar to that of bacterial diseases. Some, 
like poliomyelitis, were confined to man; others, like 
rabies, affected man by chance and did not spread; 
while others, which are spread by insect vectors, are 
maintained in the population by a cycle of transmission. 
Some virus diseases have been established for many cen
turies, and epidemics of these may be due to changes in 
virus virulence, host susceptibility or conditions influenc
ing transmission. Viruses are well known to be plastic in 
the laboratory, but as yet it has not been proved that viru
lence changes underlie major epidemics. Viruses live in 
very close association with cells, and genetical variations in 

the host tissues would be expected to be important in sus
ceptibility. Mouse strains differing in resistance to certain 
viruses such as yellow-fever had been bred and inter
specific differences in susceptibility are well known. He 
gave examples of the varying relationship between 
attack-rates and severity of disease and the age of the 
subjects. He then discussed smallpox, influenza, yellow
fever and typhus. India and Pakistan are now hyper
endemic areas for smallpox, and mortalities might reach 
40-50 per cent in some epidemics. Yellow-fever is 
endemic in West and Central Africa and heavy mortalities 
have occurred in recent epidemics in the Sudan and 
Abyssinia. Typhus, which is now endemic in the Middle 
East, North Africa, China and other regions, formerly 
caused heavy mortalities especially in persons more than 
fifty years of age. The influenza virus is very plastic and 
epidemics tend to occur when a new strain emerges. The 
work of McDonald and Zuckerman had shown that blood 
group 0 was more frequent among persons who had been 
infected with influenza A 2 virus, and unpublished work 
confirmed this. He thought that there was still scope for 
genetical investigations on populations to which certain 
viruses had not yet spread. 

In the discussion, Prof. Barnicot asked for examples of 
non-immune populations which might be favourable for 
genetical investigations, and Prof. Stuart-Harris men
tioned the measles epidemic in Greenland and polio 
epidemics among Eskimos. He said that Type I polio 
virus was absent in Tristan da Cunha before the exodus. 
In reply to Dr. Harrison, he said that little could be 
deduced about individual variations in susceptibility by 
measuring antibody titres. Dr. Roberts mentioned his 
own work on ABO blood groups in relation to Rickettsia 
infections in Nigeria, and Dr. Spicer spoke of his analysis 
of periodicity in deaths from respiratory diseases. 

In his paper on "ABO Blood Groups and Infectious 
Diseases", Prof. F. Vogel said that in much of the earlier 
work on this topic the samples were too small, but 
relatively high B and AB frequencies had been found 
among patients with tertiary syphilis. His own work on 
ABO groups and smallpox had been stimulated by 
geographical correlations and by the claim, which was in 
dispute, that vaccinia virus contains A-like antigen. It 
was best, he thought, to seek correlations between blood 
group and clinical severity, and in India his team had 
found that scarring was more severe in subjects of groups 
A, B and AB or of groups A and AB than in those of 
group 0. Clinically more severe cases among fresh small
pox cases in Pakistan were more frequent in groups A, 
B and also AB compared with 0. Groups A and AB were 
in excess in a sample of post-vaccination encephalitis cases 
examined in Germany. Work in Austria suggested that 
infantile diarrhoea was more severe in group A children 
than in those of group 0 ; German data for 1956 and 
1960-63, which he himself had analysed, showed the same 
trend, but it was reversed in data for 1957-59. He felt 
that these various lines of work were sufficiently encourag
ing to deserve further attention. 

In the discussion, Dr. Garlick reported a small series 
collected in a smallpox epidemic in Nigeria; no relation 
was found between ABO group and either the incidence 
or severity of disease. Dr. Allison expressed scepticism 
about the effect of ABO groups on smallpox infections. 
The possibility of collecting more data on tertiary syphilis, 
post-vaccination encephalitis and infantile diarrhoea was 


