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blood stages of malaria parasites were found to fall
antigenically into 4 groups. Strong cross-reactions
occur between members of each group but not bet-
ween members of different groups. These groups are:
(1) the primate malaria parasites; (2) the rodent
malaria parasites; (3) the avian malaria parasites of
the subgenus Haemamoeba; (4) the avian malaria
parasites of the subgenus Novyella.
From the results obtained in the present work it

seems that the EE schizonts of some primate
malaria parasites are more species-specific than the
blood forms. Thus while the blood stages of P.
vivax, P. malariae, P. falciparum, P. ovale, P.
cynomolgi subspecies, P. gonderi, P. knowlesi,
P. inui, P. shortti, P. coatneyi, P. fieldi and P.
brasilianum cross-react, the EE schizonts of P.
malariae do not. Similarly, P. cynomolgi bastianellii
and P. cynomolgi (langur strain) EE schizonts
reacted only with sera immune to P. cynomolgi
subspecies.
On the other hand, EE schizonts of P. b. yoelii

behaved like their blood forms." These EE schizonts

cross-reacted with sera immune to the 4 rodent
malaria parasites, indicating a common antigen
(probably a basic antigen) between P. b. yoelii tissue
schizonts and the erythrocytic stages of rodent
parasites.
EE schizonts of P. gallinaceum fall into a further

separate group and show no cross-reaction with P.
juxtanucleare immune serum or sera immune to the
mammalian species.
The low titres obtained might indicate that the

test detected a " basic antigen " shared between EE
schizonts and their corresponding blood stages.
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Some Cardiomyopathies of Animals: a Review indicating
Possible Analogies with Human Diseases

by ISOBEL W. JENNINGS, Veterinary Pathologist, Department of Pathology, University of Cambridge,
Cambridge, England

The range of cardiomyopathies in animals is wide
and includes most of the conditions known to affect
the human myocardium. The purpose of this review
is to draw attention to some of the naturally occurring
conditions in animals which, by analogy, may prove
useful in the study of cardiomyopathies in man.

Nutritional myopathy
It is perhaps in the study of nutrition that compara-

tive cardiology has most to contribute, in particular
to the preventive aspect of cardiomyopathy. Much
importance is placed by the veterinarian on animal
nutrition, particularly at the early state of organo-
genesis, and during the all-important perinatal weeks
-when dietary deficiencies may cauEe irreparable
damage in the developing organs. Farm animals may
often be dependent, as are many rural human com-

munities, on locally grown food supplies, so that a
knowledge of mineral deficiencies or excesses in lccal
soil is indispensable for the understanding of indige-
nous disease. As an example, one might quote the oc-
currence of selenium-deficient soils in Scandinavia,
New Zealand and in parts of the United States of
America. Animals reared in these areas are subject
to nutritional myopathy, which is preventable by the
addition of selenium to the foodstuff. Muth (1963)
describes the natural history of selenium-responsive
" white muscle " disease in animals in the USA.
Cardiac lesions are commonly seen in calves and
lambs. In the latter, they usually occur as well-
defined subendocardial plaques simulating white
enamel. Microscopically, affected fibrils show classic-
al Zenker's degeneration with progressive calcifica-
tion. Muth also lists useful references on nutritional
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myopathy. The geobotany, biochemistry, toxicity
and nutritional aspects of selenium are fully covered
by Rosenfeld & Beath (1964).
Copper deficiency in cattle is responsible for

patchy atrophy and fibrosis of the myocardium. In
severe acute depletion, the animals show signs of
ventricular fibrillation and may die suddenly (Ben-
netts et al., 1942). In progressive, more chronic,
depletion small focal areas of fibrosis indicate the
sites of preceding tissue anoxia. In copper deficiency
the cytochrome oxidase activity of the myocardium
is reduced, with gradual failure of tissue respiration.
Gallacher (1957) has shown that incorporation of 32P
as inorganic orthophosphate into phospholipids is
regularly depressed in copper deficiency. He deduces
that the formation of phosphatidic acids from
a-glycerophosphate and acyl coenzyme A is affected
by copper depletion. This step is catalysed by an as
yet unknown enzyme system in which copper may be
a component. Reduced synthesis of phospholipid, he
considers, leads to increased susceptibility to aging
changes in mitochondria as judged by marked in-
crease in the permeability of mitochondrial mem-
branes in copper-deficient rats.
Young pigs, reared in artificial surroundings in

which they are prevented from acquiring minerals
by their natural habit of rooting in the soil, are
particularly susceptible to iron deficiency. Such
deficiency leads to anaemia which, if untreated, pro-
motes cardiac hypertrophy. On the other hand, if
given therapeutically, iron itself may sometimes
cause myocardial damage. Nilsson (1960) reports
focal myocardial hydropic degeneration with glyco-
gen accumulation and associated hydropericardium
in young pigs given intramuscular injections of a high
molecular weight iron-carbohydrate complex. The
way in which therapeutic doses of iron cause acute
fatal iron poisoning has not been determined.

Vitamin deficiencies in domestic animals com-
monly follow inadequate intake when fodder is of
poor quality, as in late winter and early spring. In
the field, vitamin deficiencies seldom occur singly,
being often complicated by associated mineral defi-
ciencies related to local soil conditions, and by the
nature of the major supplementary dietary compo-
nents-the lipids and proteins mainly. Variations in
the susceptibility of different species to known vita-
min deficiencies depend to a great extent on whether
the species in question is able to synthesize particular
vitamins from normal food components by intestinal
bacterial action, or whether vitamins must be sup-
plied in the food. Animals depending on ruminal or

intestinal bacterial vitamin synthesis run a great risk
of vitamin deficiency when broad-spectrum antibio-
tics are supplied regularly in the food.

Vitamin A. Although vitamin A is mainly respon-
sible for the integrity of epithelial tissues, maternal
deficiency during pregnancy gives rise to a wide
variety of congenital malformations of the heart. In
over 20% of vitamin-A-deficient piglets Palludan
(1966) reports heart anomalies, especially ventricular
and septal defects, with consequent aortic and pul-
monary arterial changes.

The B vitamins. Thiamine deficiency is likely to give
rise to cardiac arrhythmia due to degenerative
changes in the auriculo-ventricular conducting
bundle, often with associated fibrosis and necrosis of
myocardial fibrils. This condition may arise when
untreated fish products containing thiaminase are
added to the diet. Horses may be poisoned by
eating bracken, which also contains thiaminase
(Jubb & Kennedy, 1965a). Ruminants poisoned by
bracken do not suffer athiaminosis, as they are able to
synthesize thiamine, but they develop thrombo-
cytopenia and widespread haemorrhages, including
intramyocardial bleeding.

Vitamin B12 deficiency occurs in animals reared on
cobalt-deficient soil. Cobalt is essential for ruminal
synthesis of vitamin B12 and, in the field, the cobalt-
vitamin B12 deficiency syndrome is often complicated
by the concurrent deficiency of copper in the soil
(Jubb & Kennedy, 1965b). Chronic anaemia resulting
from lack of vitamin B12, cobalt or copper may be
expected to give rise to cardiac hypertrophy.

Vitamin D. Given in excess, this causes Zenker's
degeneration and calcification in the myocardium.
The condition is seen most often in calves, cats and
dogs following over-enthusiastic supplementation
of the diet with this vitamin.
An interesting condition in cattle known as

Manchester wasting disease occurs in Jamaica. It
resembles enteque seco in South America and Naalchu
in Hawaii, and is seen sporadically in other countries
(Arnold & Bras, 1956). The disease presents as a
thickening and calcification of the endocardium and
of the subendocardial tissues. There are also areas of
myocardial hyalinization, interstitial inflammatory
reaction with mononuclear cells and, sometimes,
oedema. Other soft tissues of the body, including
lungs, kidneys, and large blood vessels also become
involved. The condition is thought to be due to
excess dietary calcium; however, an associated
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deficiency of some unidentified trace element may
also be involved.

Vitamin E. Deficiency of this vitamin in animals
is world-wide in distribution and affects all domestic
animals and fowls. Requirements for a-tocopherol
are greatest in the first few weeks of life and animals
surviving this stage may show no signs of deficiency
other than residual scarring in heart and blood
vessels. As in many deficiency diseases, the clinically
overt cases form the tip of the iceberg which indicates
the presence of an underlying mass of unsuspected
subclinical disease and chronic ill-health.
One of the most marked effects of vitamin E

deficiency is degeneration of smooth, cardiac and ske-
letal muscle fibrils. The precise role of a-tocopherol
in biological processes has not yet been fully elucidat-
ed, but, in addition to its well recognized antioxidant
properties, it has been shown to possess anticoagu-
lant action both in vitro and in vivo (Jennings, 1967).
Alpha-tocopherol deficiency in young piglets was
shown to be associated with the formation of
thrombi in the blood vessels and of lymphatic
coagula in the lymph vessels. Smooth muscle cells in
vascular walls become dystrophic and myocardial
fibrils become swollen, hyaline and eventually
necrotic. Dead myocardial fibrils are removed by
macrophages and replaced by fibrous tissue. When
present, concurrent pantothenic acid deficiency is
thought to exacerbate the process.

Vitamin E is the major physiological antioxidant
and in its absence tissue fats are readily oxidized.
Oxidized fat particles are taken up, but not readily
digested by lysosomes, and tend to accumulate at the
nuclear poles of myofibrils as lipofuscin granules.
In the dietary absence of vitamin E, vitamin A is
oxidized in the intestine and thus a secondary
deficiency of vitamin A may also arise. As with
other fat-soluble vitamins, absorption of vitamin E
depends largely on normal biliary and pancreatic
secretion; widespread liver damage therefore inhibits
uptake. Individual members of a herd of animals,
such as swine, vary widely in their reactions to a-
tocopherol deficiency. At one extreme there may be a
few cases of complete cardiac collapse, in which
sudden stress causes effusion of blood from myo-
cardial capillaries-particularly around the conduct-
ing bundles-and shrinkage of nuclei in cardiac myo-
fibrils. At the other extreme less affected animals
may show only small areas of Zenker's degeneration
of ventricular muscle, which heal fairly readily.
The pathogenesis of vitamin E deficiency disease is

obscure but a clue may be provided by the finding

that the pituitary and adrenal glands have respectively
15 and 6 times more vitamin E than any other tissue
in the body (Quaife & Dju, 1949). The possibility
obviously arises that a-tocopherol is concerned in
hormonal synthesis and that a-tocopherol deficiency
may therefore be indirectly responsible for the lack
of the normotensive response to stress in coronary
vessel walls. Oksanen (1965) has noted adrenal
lesions in vitamin-E-deficient calves, a finding which
would tend to support this theory. It may be, too,
that the salt imbalance which arises in vitamin E
deficiency (loss of potassium from affected muscle
cell; increased sodium intake) is related to defective
aldosterone synthesis. Geographic variations in
vitamin-E-deficiency syndromes can be attributed to
variations in the selenium content of the local soil,
since selenium deficiency exacerbates vitamin E
deficiency. Other variations in dietary composition,
too, have their effect, e.g., the presence of cod-liver oil
or of polyunsaturated fatty acids in the diet increases
the requirements for vitamin E in order to prevent
oxidation. In such diets vitamin E is used up in the
antioxidant process. The literature on vitamin E
deficiency in animals is too vast to be summarized
here, but recent major contributions have been
provided by Oksanen (1965) and Tanhuanpiai (1965).

In view of the almost universal requirements of
animals for vitamin E to prevent smooth and cardiac
muscle dystrophy, it seems likely that man, too, has
this requirement. Infants reared on cow's milk will
normally receive only a sixth of the vitamin E which
is present in human milk, and this at a time when,
on the basis of experience in animals, requirements
can be expected to be at their highest.

Bacterial myopathies
As in man, bacterial myocardiopathy in animals is

seldom primary. It is usually the result of spread of
infection via the blood stream or directly from the
pericardium or endocardium. Bacterial emboli
commonly arise from left-sided heart valve ulcera-
tions, enter the coronary circulation and lodge
intramurally. Usually bacterial myocarditis is focal
in origin, either single or multiple. Pyaemic ab-
scesses are generally multiple and microscopic.
Occasionally, however, large abscesses-up to several
centimetres in diameter-are present and may cause
death from myocardial rupture. Focal pyaemic
lesions involve the interstitial tissue, and myofibrils
become separated by inflammatory exudate and
infiltrated cells. Conditions which bring about
granulocytopenia aid the development of such heart
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ORGANISMS COMMONLY FOUND IN BACTERIAL MYOPATHIES
OF DOMESTIC ANIMALS

Animal Disease organism Remarks

Horses Actinobacillus equuli Abscess formation
Streptococcus equi Abscess formation
Mycobacterium tuberculosis var.

bovis Circumscribed greyish " sarcomatous" lesions

Cattle Corynebacterium pyogenes Abscess formation
Fusiformis necrophorus Coagulative necrosis
Listeria monocytogenes Focal necrosis and abscess formation
Mycobacterium tuberculosis var.

bovis Extensive caseating calcific lesions

Pig Erysipelothrix rhusiopathiae Bacterial endocarditis with occasional embolic
spread to intramural vessels

M. tuberculosis var. bovis Myocardial miliary tuberculosis
The pig is very susceptible

M. tuberculosis var. avium Generalization of infection is rare
The pig is fairly resistant

Sheep Listeria monocytogenes Focal necrosis and abscesses
Clostridium septicum Circulating hyaluronidase breaks down endomy-

sial collagenous connective tissue (Alket &
Dible, 1956)

Clostridium welchii Circulating lecithinase damages cell membranes
of myofibrils

Dog M. tuberculosis var. hominis and Myocardium is affected in 10 % of tuberculous
bovis dogs (Hjarr6, 1939)

Usually follows erosion from sarcoma-like lesions
in lung (Jennings, 1949)

Cats M. tuberculosis var. bovis Myocardium affected in 10 % of tuberculous cats
(Hjarr6, 1939)

lesions. An example of this is leukopenia-producing
bracken-poisoning in cattle which is often associated
with minute multiple myocardial abscesses.
The accompanying table lists the organisms

commonly found in bacterial myopathies of domestic
animals. Recovery from any of these bacterial
infections or intoxications may be expected to leave
permanent scars in the myocardium with resulting
impaired function.

Viral myocardiopathies
In animals, myocarditis may occur in any acute

viraemia, especially in infancy. It is not known why
the myocardium of young animals is particularly
susceptible. It may be that, in infants, myofibrils are
able to produce the protein or ribonucleic acid
necessary for viral replication; or possibly membrane
changes in more mature cells may inhibit viral
adhesion and subsequent penetration into cells. The
lesser susceptibility of older animals to viral myo-
carditis cannot entirely be accounted for by acquired
immunity.
The typical initial reaction to viraemia is intersti-

tial myocarditis with perivascular accumulations of
monocytes. If an animal thus afflicted survives long
enough, hyaline degeneration and necrosis of fibrils,

including those of the conducting system, may
follow (Jennings, 1967). At this later stage there is
infiltration with lymphocytes, plasma cells and
monocytes. Such changes can be seen in foot-and-
mouth disease in calves and in equine infectious
anaemia. In the latter disease the reticuloendothelial
cells are said to be the principal target of the virus.
In bovine malignant catarrhal fever and in equine
viral arteritis, the blood vascular system is the
primary target. There is necrosis of vascular smooth
muscle cells and massive perivascular mononuclear
infiltration. Subsequent invasion of the intima leads
to thrombus formation with local tissue anoxia. The
coronary vessels do not escape the general involve-
ment.

Mathias (1960) has claimed that intranuclear
inclusion bodies in the cardiomyofibrils, together
with fatty degeneration and swelling and breakdown
of perinuclear sarcomeres, occur in experimental
swine fever. Fatty change in the myocardium may
also be a feature of Teschen disease of swine (polio-
myelitis). Lubke (1956) suggests that myocardial
degeneration in the latter is secondary to functional
disturbance in the medulla oblongata, where lie the
involuntary centres controlling the heart and blood
vessels. Similarly, in poliomyelitis in man, Hildes et
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al. (1955) have described fatal cardiovascular collapse
occurring 1 or 2 days after the onset of bulbar
paralysis. Three-quarters of their cases showed
interstitial myocarditis.
Two herpes viruses in animals, those of equine

rhino-pneumonitis and virus III in rabbits, stimulate
the formation of acidophilic nuclear inclusions in
heart muscle cells. In the former, inclusions have
been demonstrated in the heart muscle of the aborted
foetus, and in the latter, inclusions form not only in
the myofibrils but also in fibroblasts and infiltrating
mononuclear cells (Pearce, 1939). In advanced
virus III lesions, large giant cells appear with
centrally placed nuclei and indistinctly outlined
basophilic cytoplasm, very reminiscent of the Aschoff
bodies of rheumatic fever. Virus III is known to
occur only in rabbits, but it is an interesting virus in
view of its cardiotropism. In a further series of
experiments Pearce (1960) has shown that not only
virus lII but also vaccinia, pseudorabies, myxomato-
sis and two strains of fibroma-inducing virus, when
introduced into the body by a peripheral route, are
able to infect the heart specifically and produce
myocarditis. Each virus induces its own specific type
of cellular reaction in the myocardium. However,
the common factor apparently important in produ-
cing cardiac localization is a decrease in the amount
of oxygen supplied to the heart. It is thought, there-
fore, that any preceding lesion promoting myocardial
ischaemia in animals or even in man may predispose
to the localization of viral lesions in the myocardium.
From a comparative point of view, important in-

fections are those involving the coxsackie groups and
the encephalomyocarditis (EMC) groups of picorna-
viruses. It is thought that man is the major carrier
of the first group of viruses, animals being secondarily
affected, and that the encephalomyocarditides are
primarily diseases of rodents. Both groups seem to be
particularly cardiotropic.

In man coxsackievirus B produces infantile myo-
carditis as part of a generalized infection. In the
human adult the infection known as Bornholm
disease or epidemic pleurodynia is less severe and
often passes unrecognized. However, during out-
breaks of Bornholm disease associated with infantile
deaths, surveys of possible reservoirs of infection in
nature might provide valuable additions to our
knowledge of the subject. In this connexion the
finding of neutralizing antibodies for AIO coxsackie-
virus in swine, cattle and rat sera (Pohjanpelto &
Vuopio, 1956) may be important in elucidating the
source of the equivalent human disease.

The EMC viruses infect both man and animals,
although myocarditis is a feature recognized so far
only in the animal host. The reservoir of infection is
probably the wild rodent population. Antibodies to
Columbia SK (EMC) virus have been found in
squirrels in the United Kingdom near urban areas,
but not in rural areas (Vizoso & Hay, 1964). These
authors have also isolated strain 58 from the faeces
of a healthy squirrel. Warren et al. (1949) have found
neutralizing antibodies against EMC virus in wild
rats, mainly Rattus norvegicus, but also in R. alex-
andrinus and in Sigmodon hispidus (cotton rat).
Mengo virus has been detected in a human patient
and in two rhesus monkeys in Buganda by Dick et al.
(1948) and in a mandrill baboon by Kissling et al.
(1956). EMC outbreaks in swine have been investi-
gated by Murnane et al. (1960), Gainer & Murchison
(1961) and Gainer (1961) in America. The condition
is acutely fatal. Discrete white foci of myocarditis
appear, generally in the right ventricle. In one out-
break, 30 out of 80 infected pigs died within a few
hours of the onset of symptoms. The source of the
infection was thought to be wild rats. The virus has
also been isolated by Gainer from a cow. In ex-
perimental transmission of the disease to swine
(Craighead et al., 1963), scattered silver-white de-
pressions were seen macroscopically on the epicar-
dium in non-fatal cases. Microscopically, there were
discrete foci of cellular destruction and, in some
places, muscle fibres were replaced by wide bands of
connective tissue. At other sites the sarcolemmal
membranes and the connective tissue reticulum
appeared to be all that remained of the affected
groups of muscle cells. One animal died of acute
myocarditis on the 5th day after infection. It showed
focal areas of myonecrosis, cellular infiltration and
interstitial oedema around the conducting fibres, as
in the natural infection. Death probably occurred
from heart-block or acute arrhythmia. The heart
muscle yielded large amounts of virus.
Of the myxoviruses, influenza A in horses, as in

man, occasionally causes myocardiopathy and death.
A typical case-history is provided by Brion et al.
(1966), in which 2 out of 60 horses with uncompli-
cated influenza died on the 15th and 18th days of the
disease respectively. In these cases the affected
myocardium had a pale, marbled appearance.
Microscopically there were areas of degenerated
muscle fibres with no surrounding inflammatory
reaction.

Although in influenza in man toxic myocarditis is
commonly associated with secondary infection, there
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is undoubtedly a proportion of cases in which the
myocarditis is non-bacterial in origin, as in the two
cases described by Finland et al. (1945). Bowden &
French (1958) and Ende & Steiner (1962) have noted
the association of influenzal myocarditis with adrenal
failure, seen grossly as haemorrhagic infarction, and
microscopically as thrombosis in small veins through-
out the gland. Ende & Steiner suggest that the com-
bined stresses of viral tracheobronchitis and myo-
carditis precipitate adrenal haemorrhage and failure.
Hypotension, shock and death are consequent on
such acute adrenal failure.

Rickettsial disease
Heart-water is a tick-borne infection of domestic

and wild ruminants. The organism, Rickettsia
ruminantium, grows in clumps in the vascular
endothelium. Thrombus formation at the site of
infection causes local infarcts, and haemorrhage
through damaged vessels is often seen. The endo-
cardium and epicardium may be involved with
subendocardial haemorrhages, and the associated
effusion of plasma through the epicardium gives the
disease its name.

Coxiella burneti, too, multiplies in endothelial and
mesothelial cells and the pathological picture in Q
fever includes myocardial vasculitis and aortic valve
vegetations in both man and animals. Cardiovascu-
lar complications in obscure febrile diseases of farm
workers and abattoir workers may yield a diagnosis
if specific antibodies to C. burneti are sought.

Mycotic myopathy
A disseminated form of histoplasmosis occurs in

the dog, in which the myocardium is invaded by
Histoplasma capsulatum. The spores of this fungus
are present within macrophages in circumscribed
areas of myocardial degeneration or in apparently
healthy areas. Microscopically, interstitial round cell
and fibroblastic infiltration, and subendocardial
calcification are seen in most cases (Robinson &
McVickar, 1952). Histoplasmosis in man, caused by
the same organism, is rather refractory to treatment.
It would therefore seem that the dog might be a
suitable experimental animal for the assessment of
antibiotic therapy in this disease.

Protozoal myocarditis
Toxoplasma gondii is a ubiquitous organism,

being found in small rodents and birds and in all
domestic animals, with the possible exception of the
horse. Infection is generally subclinical, but super-
imposed infections may reduce resistance to the

organism. Thus, clinically apparent toxoplasmosis
often follows distemper in the dog (Campbell et al.,
1955). In the sheep infection may be transplacental.
Hartley & Kater (1963) described chronic inflamma-
tory foci in the foetal sheep heart, with mild to
moderate, small, mononuclear infiltrations. Clumps
of toxoplasms were, on rare occasions, found in
foetal muscle fibres without any associated cellular
infiltration. Postnatally, the myocardium harbours
small groups of intracellular parasites or may show
larger spindle-shaped miliary necroses with peri-
pheral histiocytic infiltration, and many toxoplasma
cysts (M0ller & Nielsen, 1964). M0ller (1961)
suggests that postnatal infection is generally alimen-
tary in origin. Primary lesions develop in the small
intestine and in mesenteric lymph-nodes, with
subsequent parasitaemia and development of lesions
in other organs. As in man, myocardial invasion is
part of a generalized infection with toxoplasms.

Sarcosporidiosis appears to occur only rarely in
man (Liu & Roberts, 1965), or it is possible that it is
only rarely diagnosed. It is, however, very commonly
found in a wide range of animals, including cattle,
sheep, dogs, deer, monkeys and even whales (Cowan,
1966). It occurs both in myocardial fibres and in
Purkinje fibres, but generally causes little inconve-
nience to the host. The parasites appear to die in
situ, leaving small fibrotic scars. The organism
colonizes individual myocardial fibres in the form of
Meischer's tubes and eventually destroys the host
cell and lies free in the interfibrillary connective
tissue.
Of the pathogenic species of trypanosomes in

animals, only Trypanosoma cruzi is known to have a
particular affinity for heart muscle. Following initial
infection through the abraded skin or mucosa, and
local multiplication, this organism invades the body
in large numbers and then localizes in the heart and
brain. Myocardial fibres are invaded and the
parasite develops in -leishmanial form, sometimes
with cyst formation. Chagas disease due to T. cruzi
affects man, dogs and primates.

Metazoan parasites

The larvae of Trichinella spiralis may be found in
the muscles of man, pigs and rats, but are generally
destroyed in heart muscle-where they stimulate an
interstitial myocarditis with hyaline degeneration and
necrosis of fibrils. Kagan (1960) has published an
excellent review of the structure of the parasitic
antigen and the serological and cellular immune
responses in the host, together with a survey and

163



164 NOTES

evaluation of available methods of diagnosis of
T. spiralis infections in man and animals.
The larvae of Toxocara canis in the dog, and

Toxocara mystax in the cat may also be found in the
myocardium where they stimulate the formation of
granulomatous lesions. Sprent & English (1958), in
a comprehensive account of toxocara infections in
dogs and cats, have shown that infection in animals
may occur both pre- and post-natally. They describe
the life-history of the parasite in the animal host and
suggest that the disease in man (" visceral larva
migrans ") is not an accidental infection of the wrong
host, but that the migration of second stage larvae in
the human host indicates that man is a true inter-
mediate host-or at least a transport host-for the
dissemination of these parasites in the natural state.
In both man and animals a fluctuating blood and
bone marrow eosinophilia may be present. In
animals a diagnostic skin test can be carried out with
antigen prepared from living adult toxocaras.

Tumours
Primary myocardial tumours are rare in animals.

In 42 cases of primary cardiac tumours in cattle, von
Magnusson (1961) found 23 fibromas, 11 neuromas,
3 fibrosarcomas and 3 neurofibromas. Rhabdo-
myomas occur in all species of animals. Of the
secondary growths, haemangiosarcomas and lympho-
sarcomas are commonest.
The heart in cattle is often involved in leucosis;

the right auricle is significantly most often affected.
In a study to determine the reason for this localiza-
tion, Jarplid (1964) showed that a very loose reticular
tissue formed the subepicardium of the right auricle,
but that this was not present in the left. This tissue

has an embryonic appearance which it retains from
foetal life to maturity, suggesting possible multi-
potentiality. It participates in embryonal haemato-
poiesis-a property which is probably latent in adult
life. Thus it can be expected to be readily susceptible
to stimuli which induce cell proliferation. It is
believed that this structural difference in the sub-
epicardial tissue of the right auricle occurs in man
also. In a large series of cattle with manifest and
latent leucosis, Jarplid found that its earliest
manifestations occurred in this particular tissue.
Large groups of mainly blast-like cells were a con-
stant feature, as were groups or diffuse infiltrations of
lymphoid cells. Perivascular infiltration was seldom
seen in early leucosis, but most animals with high
peripheral lymphocyte counts had some subepicardial
blood vessels packed with lymphocytes.

In animals with latent or manifest leucosis lympho-
cytic infiltration of cardiac nerves probably repre-
sented a dissemination along the neural lymph
vessels. The question whether leucosis cells are
formed in situ in the heart, or represent metastases
from another site, remains unsettled.

In a description of bovine lymphosarcoma, in
which the primary lesion appeared to be in the
thymus, Dungworth et al. (1964) noted myocardial
involvement in 4 cases out of 12. Two involved the
right ventricular wall and in 2 others there were
small foci of neoplastic cells, lying either peri-
vascularly or between individual muscle fibres.

** *

Thanks are due to Dr T. Gillnan of the Institute of
Animal Physiology, Babraham, Cambridge, England, for
much advice and constructive criticism.
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Susceptibility of Portuguese Bulinus contortus to Iranian Strains
of Schistosoma haematobium and S. bovis*

by F. ARFAA, Associate Professor of Parasitology, Institute of Public Health Research, Teheran University,
Teheran, Iran, J. MASSOUD, Malacologist, Institute of Public Health Research, Teheran, Iran, and
K. Y. CHU, Malacologist, World Health Organization, Alexandria, United Arab Republic

The snail host of urinary schistosomiasis in
Portugal has always been considered to be Planor-
barius metidgensis.a,b The snail has been variously
referred to as Planorbis corneus var. metidjensis, and

* This study was undertaken as part of the WHO-
assisted Bilharziasis Pilot Control Project of the Institute of
Public Health Research, School of Medicine, University of
Teheran, and with financial support from the Ministry of
Health and Plan Organization in co-operation with the Near
East Foundation.

a Bettencourt, A., Borges, I. & Seaba, Z. de (1921) C. R.
Soc. Biol. (Paris), 85, 1169.

b Azevedo, F. J. de & Colaco, A. F. T. (1950) An. Inst.
Med. trop.. (Lisboa). 7. 7.

P. metidgensis var. dufouri. P. metidgensis also
occurs in the northwestern part of North Africa, but
there is no evidence that this snail is naturally
infected in regions where Bulinus truncatus is the
known host of Schistosoma haematobium.
There have been some records of the occurrence

of a species of Bulinus, B. truncatus, in Portugal.
It was first recorded there by Morelet in 1845.
Both Morelet and Nobre (both cited by Mandahl-
Barth c) found this species to be fairly common in

c Mandahl-Barth, G. (1965) Bull. Wld Hlth Org., 33, 33.
2050D


