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DIFFERENTIAL DIAGNOSIS OF TRAUMATIC
RETICULO—PERITONITIS. t

O. Dietz.*

Introduction:

Already thirty years ago Richard Goetze recommended rumenoto-
my for removing foreign bodies from the reticulum of cattle. It was
also a well-recognized fact that quite a number of other diseases of cattle
presented identical or similar symptoms distinguishable clinically only
with difficulty, if at all, from gastritis. The primary diseases of the
rumen—for example, frothy bloat, simple bloat, acidosis, intoxications
by noxious feed—can be distinguished with certainty from gastritis on
anamnesis and clinical symptoms. Diseases of the uterus (especially
torsio uteri), pyelonephritis and trichostrongylosis hardly call for con-
sideration in the differential diagnosis, as they are easily recognized by
means of modern clinical and laboratory methods. On the other hand,
conditions such as primary and secondary ketosis, atony of the omasum,
intussusception, abomasal dilatation and torsion, or abomasal displace-
ment, and rupture of the diaphragm, evoke symptoms similar to
gastritis, and may take the same acute or chronic course and produce
similar secondary symptoms. Therefore a differential diagnosis
frequently is very difficult for the practitioner. The following report
is the result of personal observations made in our surgical clinic over
the last 10 years—all on cows presented because of a suspicion of
a foreign body. The method of examination used allows a sound
differential diagnosis to be made: hence it is described in detail.

Examination procedure:

1. Examination of the circulatory system. This entails deter-
mination of:

(a) rate, quality and rhythm of pulse;

(¢c) degree of congestion of the scleral vessels;

(c) the colour of the mucous membranes;

(d) degree of venous stasis in the jugular veins;

(e) cardial and pericardial pathology as revealed by auscultation
and percussion of the cardiac region. ,

Such an examination of the circulatory system not only allows
conclusions to be drawn on the general status of the animal; secon-
dary symptoms of traumatic gastritis can be diagnosed as well. As exam-
ples may be quoted: (a) purulent ichorous pericarditis, where the pulse
rate ranges from 120 to 140, pericardial splashing sounds are heard,

1 Delivered before the Witwatersrand Branch of the S. Afr. Vet. Med. Ass.,
Johannesburg, 26th August, 1960.

* Head, Department of Surgery, FPaculty of Veterinary Science, Humboldt
University, Berlin.
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stasis in the jugular veins is observed, a definitely enlarged area of
cardiac dullness exists and the disease runs an acute course; (b) fibri-
nous pericarditis, where the pulse rate is 100—120, the cardiac sounds
are muffled (so-called ‘‘fibrin armoured heart’’), stasis in the jugular
veins, and enlarged area of cardiac dullness are present as before and
the disease runs an acute to sub-acute course. As differential diagnosis
tuberculous and leukotic pericarditis must be considered. By contrast,
bradycardia is a symptom observed in the early stage of abomasal
displacement.

2. Examination of the respiratory system. Artificial arrest of
respiration is employed; the lungs are auscultated and percussed.
Such an examination may indicate the presence of advanced pulmonary
tuberculosis, or of grazing emphysema of cattle, or, when gastric
sounds are audible, of diaphragmatic hernia.

3. Examination of all the palpable lymph nodes. The lympho-
matous form of leukosis or tuberculosis may be diagnosed from wide-
spread enlargement of the lymph nodes. Swelling of one or some
lymph nodes indicates a regional disease. If there is widespread enlarge-
ment of lymph nodes and at the same time pericardial friction sounds,
one must think of leukotic pericarditis, or tuberculous pericarditis if
the tuberculin test is positive. Examination of the blood will decide
the diagnosis.

4. The examination of the digestive tract consists of an external
and a rectal palpation. With the external examination one can deter-
mine:

(@) the number of ruminal movements per minute;

(b) the degree of filling of the rumen, and nature of its contents,

(¢) the area of hepatic dullness;

(d) pain on percussion in the area of the reticulum;

(¢) pain on percussion in the area of the omasum;

(f) possible displacements, e.g. of the abomasum, by auscul-

tation of the ventral ruminal region.

Further tests for foreign bodies are executed: Head’s lines and
zones test, spinal pinch, and the staff test (pressure on the xiphoid
region by means of a rod). Finally, the results of examination by
means of the metal detector have to be taken into account. Auscultation
of ventral ruminal region for detecting a possible displacement of the
abomasum and the test for abdominal rigidity are not to be omitted
during the external examination of the abdomen. Upon rectal pal-
pation the gynaecologic status is determined first of all. Then the
peritoneum is carefully palpated for possible adhesions (tuberculous,
fibrinous or purulent peritonitis). The iliac and mesenteric lymph
nodes are palpated to complete the examination of the lymph nodes.
Kidney and bladder are examined for size and presence or absence
of pain. In cases of dilatation or torsion of the abomasum froth-
filled intestinal loops are felt on the right side cranial to the pelvis.
A suspicion of intussusception is aroused by the presence of a solid
sausage-shaped mass as well as inflated loops of small intestine.
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Whenever anamnesis and clinical picture (e.g. odour of breath,
enlarged hepatic dullness, yellowish mucous membranes) are in the
Jeast suspicious, examination of the urine for acetone bodies, blood
pigment (haemoglobin), sugar and protein should be undertaken—
even under conditions of private practice—and the urinary sediment
should be examined for the presence of cells and bacteria. When
ketones appear in the urine, blood sugar determination will indicate
the severity of the disease.

The blood picture may allow one to draw conclusions with
regard to leukosis; a nuclear shift to the left in the leukocyte picture
with accompanying leukocytosis possible indicates a traumatic peri-
carditis or diffuse peritonitis. -

Under predisposing environmental conditions (pasture and
region) faeces examination will be necessary to diagnose tricho-
strongylosis, fascioliasis or metastrongylosis.

The procedure of examination described here does not pretend
to be complete; however, it cannot be omitted when other diseases
are to be distinguished from traumatic reticulo-peritonitis.

Ketosis

At the outset on should distinguish between the syndrome of trau-
matic gastritis with secondary ketosis on the one hand and primary
ketosis on the other. According to our own statistical studies, about
39, of all cattle suffering from traumatic gastritis show signs of secon-
dary ketosis at the same time. Diseases of the abomasum are often fol-
lowed by secondary ketosis. As a rule, those cows, already suffering
from traumatic gastritis and concomitant anorexia for several days, are
affected (ketosis of hunger). Secondary ketosis can also appear in
cases of progressive peritonitis. The diagnosis of ketosis can be proven
by the presence of ketones in the urine, with simultaneous lowering of
blood sugar values.

There is scarcely any doubt that primary ketosis occurs in cattle.
At most, it is not clear which of the many recently advocated methods
of therapy is the best. We are all familiar with the primary ketosis
(the so-called ketosis of hunger or small farmers’ disease) in emaciated,
badly fed animals—both young and old. We are even more familiar
with the ketosis affecting well-fed cows, four to eight years old, in which
the disease mostly appears four to eight weeks before or after calving.
But these animals can also develop traumatic gastritis with or without
secondary ketosis, and here the traumatic gastritis can be aggravated
by pressure of the pregnant uterus or by the labour pains of par-
turition.

Usually traumatic gastritis with secondary ketosis and primary
ketosis clinically show the same symptoms. The tests for foreign
bodies frequently are strongly positive in primary ketosis, too. The
metal detector does not give finality, as the apparatus does not register
the presence of non-metallic foreign bodies in the reticulum. The
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blood picture does not yvield conclusive evidence, as there is always
a light deviation to the left and a light leukocytosis in both traumatic
gastritis with secondary ketosis, as well as in primary ketosis. The
blood sugar values, too, drop in both secondary and in primary ketosis.

In all these cases where traumatic gastritis with secondary ketosis
cannot be distinguished from primary ketosis, one should immediately
institute therapy, which will at the same time act as diagnostic treat-
ment. Here ACTH is the best; the first three days 100 international
units are injected and at the same time 200 ml. propionic acid in the
form of sodium propionate daily. A liver-protecting therapy with glu-
cose and amino acids is to be recommended, in addition. Good mea-
dowhay is the food of choice. If the foreign body tests do not become
negative, the blood sugar level does not rise, the ketone level in the urine
does not disappear, a rumenotomy ought to be executed as a diag-
nostic operation on the third or fourth day at the latest. In these cases
a diagnosis of foreign body peritonitis with secondary ketosis can
almost always be made.

Atony of the omasum

Atony of the omasum rarely appears in cattle. Among 750 cases
of suspected foreign body gastritis admitted to our clinic during a
period of five years, primary atony of the omasum was diagnosed in
four per cent. We recognize this as an independent disease in cattle,
appearing in a mild and in a severe form. The mild form cannot be
distinguished clinically from traumatic gastritis, which in fact, usually
causes a secondary omasal atony.

The pulse-rate is between 80 and 100 per minute. Body tempera-
tures are between 38.5°C and 40.0°C. Ruminal motility is slightly dimi-
nished. It is remarkable that in primary atony percussion of the reticu-
um and the test of Head’s lines and zones show negative or doubtful
results, while the spinal pinch and the staff test are always strongly
positive. Pain can often be elicited on percussion of the omasum in
both primary and secondary atony and is therefore of no differential
diagnostic significance. Ketosis can be excluded by urine examination.

_ In severe cases of omasal atony, alternate knuckling of the hind
feet can be observed from time to time. Symptoms of intoxication
are prominent. Body-temperature varies between 40.0°C and 41.5°C.
The cardiac sounds are exaggerated ; there is only a slight fall of pres-
sure between pulse-beats, which have a frequency of 100 to 130 per
minute. All foreign body tests are strongly positive. A definite
diagnosis cannot be made—not even by the metal detector for the
positive result of an examination by means of this instrument does not
mean that the foreign body has penetrated. It is significant that the
leukocytosis accompanying traumatic gastritis and any nuclear de-
viation to the left are absent both in the mild and in the severe cases
of primary omasal atony. Details are shown in the following table.
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TABLE 1

Diagnosis. Leuko- Basophils, Eosino- Myeloid. Juveniles. Staff Mature Lympho-  Mono-
cytes. phils. cells. Segmented. cytes. cytes,
1. Normal .............. 8.000 0.1 6 — — 3 35.9 53 5
2. Circumscribed traumatic 10,607 0.116 4.4 — — 2.6 49.7 42.8 1.07
reticulo-peritonitis
3. Traumatic reticuloperi-. . 14,290 — 3 — 0.07 6.1 51.7 38.5 0.8
tonitis with complications.
4. Peritonitis and pericarditis 12,113 0.04 1.48 — 0.22 10.34 48.3 42.5 1.3
5. Omasal atony (23 cases) 8.000 0.18 4.5 — — 3.1 33.4 50.9 0.64



By collating all the clinical and laboratory results, one is able to
arrive at a well-nigh correct diagnosis. Finally, diagnostic rumenotomy
must be executed to confirm the tentative diagnosis. The immediate
treatment is rumenotomy, followed by massage of, and by infusion of
paraffin oil into the omasum. For the post-operative treatment ruminal
fluid, calcium saccharate and sodium propionate are the best. In this
way we could cure 30 cases within the last three years.

Intussusception

[leus and dilatation or torsion of the abomasum both evoke
symptoms of colic in the same way as acute gastritis, especially in the in-
itial stage. Ileus of cattle is nearly always accompanied by an intussus-
ception of the small intestine. There is very often an intussusception
of the jejunum into the ileum; occasionally the tip of the caecum
invaginates into the body. Initially, and as a rule, the symptoms
of colic are violent. The animals kick with their hind feet, poke
at the flands, look round at the abdomen, lie down and get up again.
(In an early gastritis attack the same symptoms can frequently be
observed, but only for a very short time.) In intussusception the
symptoms of colic disappear after six to twelve hours, but severe
general disturbances supervene. The pulse rate rises up to 130 and
the extremities become cool to the touch due to circulatory ‘nsuf-
ficiency. The animals are usually recumbent and groan loudly. Symp-
toms closely resemble those of acute traumatic gastritis. A few hours
after appearance of the first symptoms, there is no defaecation. Nor-
mal defaecation is replaced by straining and the passage of blood-
stained mucus. Rectal palpation is essential for differential diagnosis:
a sausage-shaped structure in the right abdominal region associated
with tympany of the proximal part of the intestine is pathognomonic.
There are cases where the intussusception is so far forward in the abdo-
men that it cannot be palpated rectally, particularly when the tip of the
caecum is invaginated into the body. Diagnostic laparotomy on the
right flank should not be delayed.

In cattle this intussusception can last six to nine days. Sponta-
neous recovery doubtlessly occurs by shedding of the invaginated
parts of the intestine. Otherwise resection of the affected parts must
be resorted to. We always use end-to-end-anastomosis for resection.
Within the first six to twelve hours after onset of the disease correction
is possible without resection.

Dilatation and Torsion of the Abomasum

Dilatation and torsion of the abomasum is rarely observed in
Germany. Since 1950, I have observed five cases: one of them could
only be recognized after slaughter. The clinical picture resembles
that of intussusception. The Danes Emsbo?® and Bischoff! have des-
cribed more than 52 cases. There is a 95 per cent chance that the
rotation occurs to the left and through 180—360 degrees along the long-
itudinal axis of the abomasum. As rule the reticulum and the omasum
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are involved as well. Among others, the general symptoms are toxic
indigestion, rapid pulse, tenderness over the abomasal area, diarrhoea
and ketosis. Abomasal dilatation is apparent on rectal palpation,
whether there is a visible swelling in the right paralumbar fossa or
not. Both acute and chronic dilatation occur. The acute form
usually is the result of a stenosis in the duodenum near the pylorus.
The chronic form arises as the result of a paralysis of the neuromus-
cular complex of the abomasum which is caused by pyloric ulcers
or impaction of the abomasum with soil. The disease appears in
Spring and a few weeks post partum. The observed cases showed
either pyloric ulcers, soil packed in the greater curvature of the abo-
masum, multiple small ulcers in the abomasal and the omasal mucosae,
duodenitis, peritonitis, or an anaemic infarct or leukocytic infiltra-
tion or the abomasum. All cases had this in common: abomasal
dilatation and left torsion of the abomasum, omasum and reticulum,
The dilatation is considered to be secondary to one of the lesions
just described, and when dilatation has progressed sufficiently, torsion
takes place. An early or advanced dilatation and torsion are detectable
by careful auscultation and percussion of the right abdomen. Symp-
toms of colic are rarely present. In the differential diagnosis exudative
peritonitis and foetal hydrops must be excluded. Ileus and intussus-
ception, on the contrary, produce acute symptoms of colic. Meti-
culous rectal palpation is mnecessary.

The treatment is begun by a laparotomy in the right flank (para-
lumbar fossa). Then a puncture is made and the contents of the abo-
masum are siphoned off; thus a more thorough examination can be
made for the original cause, and other corrective measures can be taken.
In case of torsion, reposition is made. In case of ulcers, symptomatic
treatment is given as indicated. Prognosis is good if the animals are
presented for treatment early. After reposition, circulatory stimulants
and physiological saline solution are to be administered. In case the
operation cannot be executed immediately, the dilatated abomasum
has to be punctured through the right flank or through the rectum in
order to evacuate the gases. Bischoff has observed spontaneous cor-
rection after such puncture.

Abomasal displacement

Recently displacement of the abomasum has appeared more fre-
quently in Germany. The largest part of this organ cames to lie to
the left and ventrally under the rumen between the rumen and left
abdominal wall. According to Rosenberger and Dirksen?, this di-
sease occurs in a proportion of 1 to 100, compared to traumatic gas-
tritis. The aetiology of abomasal displacement is not yet clear. Feed-
ing and purely mechanical influences, such as advanced pregnancy and.
parturition, are supposed to play a role. The symptoms are those of
sub-acute to chronic indigestion. According to the clinical symptoms,
and the course of the disease, it could be mistaken for a somewhat
atypical or chronically relapsing traumatic gastritis. ~ The following
symptoms are important fot the diagnosis: capricious appetite,possibly
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bradycardia, passing of small quantities of darkly coloured, greasy
faeces, more or less distinct abdominal rigidity and especially clear
abomasal sounds independent of the activity of the rumen and per-
ceptible in the left paralumbar fossa or further forward. (See pro-
cedure of examination). Reposition of the abomasum is the only treat-
ment.

Diaphragmatic Hernia

Finally, diaphragmatic hernia of cattle® must be mentioned.
Diaphragmatic hernia, or more correctly, rupture of the diaphragm,
rarely occurs in cattle. About 50 cases have been described in the
German literature; only about 15 of them could be diagnosed intra
vitam. It is nearly always blunt trauma with simultaneous increase of
intra-abdominal pressure which causes rupture of the diaphragm.
The injury can possibly be caused by a foreign body. In all cases the
rupture occurred in the right part of the diaphragm followed by a
prolapse of parts of the reticulum into the pleural cavity. In our clinic
eight cases of diaphragmatic hernia were diagnosed during the last
5 years. In each case the symptoms of foreign body reticulitis were
seen. Diagnostic symptoms of diaphragmatic hernia are:

1. tympany with frothy bloat and violent ruminal movements;

2. dysphagia and repeated vomiting of ruminal contents into the
crib: (both symptoms are present in disturbances of the
gastro-intestinal tract, especially in the case of constriction
of the diaphragmatic rupture during respiration);

3. disturbance of respiration and circulation in case of compres-
sion of the lungs, of the heart, and of the large blood-vessesls
especially when a prolapse of the whole reticulum into the
pleural cavity has occurred;

4. intestinal and gastric sounds within the right pleural cavity.

Treatment in most cases of diaphragmatic hernia is not possible.
Between the prolapsed part of the reticulum and the rupture of dia-
phragm strong adhesions are rapidly formed. We succeeded in break-
ing down these adhesions. We did not succeed, however, in repairing
the rupture of the diaphragm-not even under insufflation anaesthesia
and application of muscle-relaxants and thoracotomy. We concur
with other authors, that it is useless keeping an animal alive when,
upon rumenotomy, one third or more of the reticulum had prolapsed.
Digestion does not improve in any way; such an animal becomes
emaciated and must be slaughtered after one to two months.

Conclusion

We can definitely say that there exists quite a number of gastro-
enteropathies of cattle with a clinical picture similar to that of trau-
matic reticulitis. It is possible to distinguish most of them clearly from
one another by meticulous clinical investigation. The leukocyte picture
and examination of urine and faeces are good diagnostic aids. In case
of doubt one should perform diagnostic laparotomy on the right or
left flank in good time and according to the state of each case.
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A BRIEF OUTLINE OF RADIOGRAPHY.
D. H. G. Irwin*

DeEerINITION

Radiography is the use of X-rays, or Réntgen Rays for securing
images of body organs and tissues on a photographic plate. Such a
photographic negative is called a Réntgenogram, Radiograph or
Skiagram.

INTRODUCTION.

This paper deals with the barest outline of radiography. Its aim is
to enable the uninitiated to make radiographs, without danger to man,
patient and machine, and to provide a skeleton which further reading
may adorn. The subject may be considered conveniently under the
following headings: historical account, the nature and properties of
Xorays, generation of X-rays, X-ray machines, accessory equipment,
preparation and positioning of patient, exposing the plate, fluoroscopy,
the dark room and film development, the elements of reading skia-
grams and X-ray hazards and protection.

Historical.

In 1895 a Bavarian physics professor, W. C. Réntgen, discovered
‘‘eine neue Art von Strahlen”, which he called X-rays. In the second
decade of this century, increasing use of X-rays was made, especially in
the medical field. The discovery of the properties of a high tension
vacuum tube made the use of X-rays much more accurate and valuable.
This is called the Coolidge tube, after its American originator.

THE NATURE AND PROPERTIES OF X-RAYS.

X-rays are similar to radio, light and heat waves but are of infinitely
short wavelength (£ 10~®*mm.) and far beyond sensory perception.
The gamma rays of radium are somewhat similar in wavelength and
properties. Like light waves, those of Rdntgen travel in straight lines,
and grow weaker according to the square of the distance. X-rays
possess the ability to

(i) excite luminescence in certain substances (e.g. zinc sulphate,
barium platino-cyanide), a property used in fluoroscopy and
on intensifying screens (vide infra);

(ii) render gases conductive to electricity, ionisation;

(iii) exert a photographic effect on the emulsion of a photographic
plate;
(iv) influence living cells, a biological action;

(v) penetrate matter; the degree of penetration is a factor of the

atomic number of the material.

* Dept. of Surgery, Onderstepoort.
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On the fluoroscope screen dense bodies show as dark areas,
whereas on a radiograph they show as light areas.

GENERATION OF X-RAYS.

In an electric circuit, electrons flow from the —ve to the + ve
terminal of the battery (see fig. 1). This flow accelerates with an in-
crease in the potential difference or voltage across the terminals of the
battery, whilst increase in resistance R, slows it.
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Figs. 1—4: Diagrams of Electric Circuits.
A: Anode. G: Hard glass tube.
C: Cathode. R: Resistance,

%
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S
r
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Should the circuit be broken the flow of electrons will cease.
The electrons dancing around at the end of wire attached to the — ve
terminal (C in fig 2.) seek to break loose. Should they momentarily
do so a + ve charge is created and the electron (a — ve charge) is
pulled back. If C is heated by a flame (fig. 2) or electrically (fig. 3)
the excursions of the electrons away from C become greater and
greater and may possibly jump the gap to A, which is attached to the
+ ve terminal. The molecules of air between C and A impede the
transit of electrons across the gap unless the voltage is very great and the
gap very small. If, however, C and A, and a little of the wire bearing
them are enclosed in a glass tube from which the air is evacuated, the
electrons are more labile and flow is facilitated. Such a tube is called a
diode (fig. 4). This is the basis of a host of electrical tubes. Should the
surface of C, the cathode be coated with barium oxide for example, the
cathode electrons may be made more labile by shining a beam of light
upon it. This is the basis of sound reproduction from the sound tract of
a movie film. '
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An X-ray tube is a specially constructed diode. If the voltage be-
¢ween C and A (the anode) is very great (40,000—150,000 volts,
40—150 Kv.), the electrons will strike A at very high speed. A little of
this energy is transmuted to X-rays, but most (99.99%,) is lost as heat.
Coolidge designed the first tube capable of producing X-rays of a
consistent and practically useful type. Modern X-ray machines use a
Coolidge tube, of which fig. 5 gives a semi-diagramatic representation.

Fig. 5: Semi-diagrammatic sketch of a Coolidge Tube.

A: Anode. P: Glass port whence X-Rays

C: Cathode (a tungsten filament). emerge.

E: Electron Beam. T: Tungsten target.

MC: Metal can, enclosing Coolidge 1. Focussing cone, to channel elec-~
Tube in an oil bath. trons boiled off C.

2. Cone to reduce irradiation hazard.

The domestic electricity supply is normally an alternating current
with a potential of 250 volts. This potential must be raised to that
required to operate the X-ray tube (usually about 80,000 volts) by
means of a transformer, This consists of a primary coil (P-C), and a
secondary coil (§-C) (see fig. 6) which is provided with a low potential
tapping (LPT) for heating the tungsten filament. The high tension
terminal (H.T. fig. 6) may usually be set in any one of three possible
positions, therby altering the Kv. The low potential tapping (LPT.
fig. 6) heats the cathode and makes the cathode electrons more labile,
by supplying a current between 5-100 milliamps (ma).

=l

| P

ot

= -
PC.  5C
Fig. 6: Diagram of a Transformer.
HT: High Tension lead, set to maxi- S.C.: Secondary Coil.

mum. P.C.: Primary Coil
LPT: Low Potential Tapping to
heat cathode.

000D
i
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For highest efficiency a direct current should be applied to the
X-ray tube (otherwise only half the alternating current cycle can be
used). Alternating current is changed to direct current by rectifying
tubes. One such arrangement of rectifying diodes is shown in fig. 7.

Whereas the polarity of the leads coming from the secondary
coil of the transformer changes from positive to negative and back 50
times a second, the polarity of the two points C and A remains constant.
The diodes in Fig. 7 have the cathodes marked — and their
anodes marked

Fig. 7: Diagram illustrating Current Rectifying Apparatus.

A: Anode. C.T.: Coolidge Tube.
C: Cathode. R.D.: Rectifying Diode.

X-RAY MACHINES.

An X.ray machine is composed of three main units:

TRANSFORMER. RecTIFvinG CooLIDGE
TusEs Tusk.

The wiring up to and including the primary coil of the transformer
carries normal domestic current and voltage: it is called the ordinary
or low tension circuit, The current beginning with the secondary coil of
the transformer and leading to the rectifying tubes is the high tension
circuit. It is rare nowadays to encounter an apparatus which is not
shockproof, but beware of one which is not.

When the electrons liberated from the cathode (the tungsten
filament) strike the anode at high speed the essential criteria for pro-
duction of Réntgen rays are met. Much energy is wasted in the form
of heat and in order to draw this heat away as quickly as possible, the
anode is made of a thick copper rod. Heat is conducted away from the
target (see below) along this rod to be dissipated—for example from
metal fins immersed in oil.
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In spite of whatever cooling device is used, overheating may occur
with destruction of the tube (the price of replacement of a modest 15
ma tube is around R150) if too long exposures are used or too frequent-
ly over a short time.

The site of impact of the electrons on the anode is the target, and
although of the toughest tungsten, this pits after long use. This disad-
vantage is overcome fairly successfully by building a so-called rotating
anode (fig. 8). The target area is thereby multiplied considerably, since
the whole circumference of the oblique surface acts in turn as the
target. The anode is rotated by an electric motor.

Fig. 8: Diagram of a Rotating Anode.
E: Electron Beam.

When many hundreds of radiographic examinations are done, as in
tuberculosis and silicosis investigations in human subjects, a special
apparatus is used. This incorporates a rotating anode, and the radio-
graphic image is cast onto a fluoroscopic screen, which is photographed
automatically by a 35mm. camera. In this way the cost per exposure
is greatly reduced.

X-ray machines used in modern veterinary practice fall into three
main groups.
1. Portable: for use both in and away from the surgery.
2. Mobile: for use in consulting rooms and e.g. in operating theatre.
3. Fixed: For use only over a fixed table.

Most machines operate on four variables—the kilovoltage, milli-
amperage, time and distance all being adjustable. This allows latitude
for various techniques under the wide variety of circumstances arising
in veterinary practice. Some fairly popular machines, however, operate
on a fixed 15 ma and 45 kv., leaving only the time and the distance
adjustable.
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The temperature of the oil surrounding the tube may not be
allowed to rise above 100°C, lest excessive heat destroy the apparatus.
Usually a thermometer is built in, and should be checked frequently
during busy sessions.

Accessory EQUIPMENT.
To obtain consistently good radiographs the following are useful:

The Table should be lead covered, and provided with cleats for the
attachment of sash cord, which, together with sand bags, are useful for
positioning the patient, so obviating the necessity for anyone to hold
the animal. Thus undue exposure of assistants is avoided.

In radiography the dense tissues {(e.g. bone) of the patient absorb
more of the X-ray beam than do soft tissues, and varying degrees of
change occur in the plate emulsion. Part of the beam is, however,
deflected by the object, giving rise to rays scattered from their original
course, resulting in background fog. A stationary grid (see fig. 9) may be
used to intercept the scattered rays, and reduce fogging. Strips of one
m.m. high lead foil are interposed with radiotranslucent material.

F

Fig. 9: Diagram showing a Transverse Section of a Limb being Radiographed;
a Stationary Grid in Use,

B: Bone, P.P.: Photographic plate showing
F: Focus; an imaginary spot on the varying degrees of exposure
target. (casette not shown).

G: Stationary grid, with lead strips
absorbing scattered radiation
(represented as coming from a
single point S).

The stationary grid produces a series of fine white lines across the
film, which is somewhat of a disadvantage.

The Potter-Bucky diaphragm is a more advanced anti-fopging appara-
tus. It moves automatically during the exposure so that shadows of the
lead foil are not produced.
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The disadvantage common to both of these is that exposure times
must be increased about four times. It is ironical that the greatest use
for the grid or diaphragm is in thick objects, which cause the greatest
scattering in rays, but that the X-ray tube might already be strained to
the maximum to penetrate the object, not leaving enough penetration or
power to overcome the resistance offered by the grid. Carlson uses a
grid when his object is 11 em. or thicker.

A timing clock is built into the switch which operates the Coolidge
tube. It is graduated up to a maximum (usually) of 8 seconds, the
first of which is subdivided into tenths of a second,

Cones and diaphragm may be fixed to the tube port to channel the
rays within a narrow field: their main use is as a precaution against
irradiation of radiographers and bystanders, and to limit irradiation of
the patient (see 2. fig. 5).

Filters are coin-like discs, usually of aluminium, which may be inter-
posed between tube port and the object. These subtract the longer wave
length X-rays (which contribute little to image formation) and reduce
needless irradiation of the patient.

PREPARATION OF THE PATIENT.

A poor radiograph is not only undesirable, but may be worse
than no radiograph, by being misleading. Sedation, general anaesthesia,
emptying of the gut and administration of a contrasting agent may be
necessary to produce a good radiograph.

Sedation is often of great value, whilst general anaesthesia is neces-
sary to prevent movement of the patient when longer exposures are
employed; Drury, Dyce and Merlen® go so far as to say that in large
animal work, restraint is our most common limiting factor, it being
more important than the physical properties and limitations of the
machine.

The contents of the intestinal tract may make interpretation of
radiographs difficult. Emptying the gut is accomplished in several ways
before radiography. 01. Ricini is commonly used among the oral laxa-
tives. Emetics may be usefull” or parenteral drugs, e.g. carbachol
choline. An enema is a favourite method of emptying the large bowel
before radiography of the lower abdomen, pelvis etc., whilst gas in the
intestines may be reduced or eliminated by injecting pituitrin half an
hour before exposure.

CoNTRAST MEDIA.

Contrast media are materials having a different radiographic
density to the surroundings of the structures to be examined and are
used to delineate cavities and organs.

Contrast media may be used in the form of gases, suspensions or
solutions. Gaseous contrasting media include oxygen, hydrogen, air
and carbon dioxide. By injecting such a gas into cavities their outline
may be determined. Uses include definition of joint capsules, peri-
toneum and bladder. They are dark on the film.
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Contrasting suspensions include salts of barium and bismuth.
They are white areas on the film. They are used especially in the diges-
tive tract, but rarely before a control film has been made (i.e. one taken
before administration of contrast medium). Barium salts are perhaps
the better, but bismuth preparations are quite satisfactory and are
very much cheaper.

These salts may be given as a drench in suspension or dosed in
solid form—e.g. in a gelatine capsule. They line the gut, and may be
used to show irregularities in the rugi ventriculi in gastric ulcers for
example. These media may also penetrate cloth or spongy rubber balls
showing up these foreign bodies. Segments of tape worms may even be
demonstrated.

Sicard and Forestier!* first used iodized poppy seed oil in contrast-
ing soft tissues in radiography. This substance is not used in broncho-
graphy, since it persists in the alveoli and may produce iodism, but has
many other uses as a contrast medium.

Most radiological contrast agents in current use are special organic
iodine containing chemicals. They have helped considerably to extend
the range of usefulness of X-rays for diagnosis. Diodine, Iodoxyl,
Propyliodone, Phenobutiodil (in tablet form), sodium salt of dipro-
trizoate, acetrizoate and diatrizoate and sodium iodide are examples”.

Depending upon the organ to be shown up, a particular contrast
medium is selected. Materials excreted by the kidneys are used for
pyelography, for example. These media are available in various forms
again depending upon their proposed function: arachis oil, as oral
tablets and intravenous solutions of varying strength is available.
Contrast media have made possible the following range of procedures;
angiocardiography, cholecystography, cystography, cystourethrography,
pyelography (intravenous and retrograde techniques available), salpin-
gography, myelography, sialography, and for determining tracts of
fistuli and sinuses.

Precautions should be taken against iodism, and alpha radiation,
e.g. from ‘“‘Thorotrast”.

PositioNinG oF PATIENT.

In general the positioning of the patient is governed by four
simple rules:

1. The ray source should be point-like.

2. The distance from ray source to plate should be long.

3. The object and plate should be close together and parallel.
4. The rays should fall perpendicularly onto the plate.

Since the images cast by X-rays on the plate obey (almost) the
same tules as shadows from a light bulb, the above rules become self
evident, see fig. 9. It remains only to recall those anatomical facts which
will help fulfil these criteria. (Obviously a clinical diagnisos should be
attempted before making radiographs).
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Standard Positioning Techniques for Small Animals.

A. Hard tissues.

Head.—Make the dorso-ventral plate (d—v) with head precisely
horizontal and extended. Centre rays™ on the dog’s ‘‘stop”. For the
lateral plate (lat.) exactness is againessential. | For the anterior-posterior
plate, (a—p) place the occiput against the casette, and by tapes main-
tain the nose vertically upwards (mouth closed or open).

Hare®1? describes the ‘““normal’’ dog and cat skulls.

Encephalograms are made by injecting air into the cisterna magna
after withdrawal of cerebrospinal fluid.

Vertebral column.—Do short sections at a time. For v—d lie the
patient on its back. For lat., use lateral recumbency, with dorsal
spinous processes in a straight line. Hoerlein'-'? discusses vertebral
radiology including myelography.

Shoulder region.—For p~a the tube port is aimed horizontally with
patient standing or in lateral recumbency. For lat., use lateral recum-
bency: draw limb well forward to be clear of chest shadows.

Humerus: radius-ulna: carpus, tarsus and distal bones: Straight forward
d-v. and lat. exposures.

Elbow,—Lat. is straightforward. The d-v is usually more infor-
mative but relatively difficult. Position the patient on sternum, with
limb fully extended and olecranon upon the casette. Shoot X-rays
slightly posteriorly to paralell the bearing surface of the radius.

Pelvis and upper femur: V-d obtained in the ventral position, with
limbs extended and paws rotated medially (to ensure the femoral neck
being parallel to the plate). For lat., use lateral recumbency.

Radiographs in two planes is the usual minimal requirement.

B. Soft Tissues.

The Cervical region: Oesophagus, pharynx, larynx and trachea, lateral
views only. Reduce radiographic energy used in hard tissue plates
(see exposure table) by lowering Kv (perferably) or time. Usually
done when seeking a foreign body.

Thorax: Prevent furring due to respiratory motion, i.e. obtain a *‘still
rib cage” by: (a) Using a short exposure of } — 3¢ second; (b) occlud-
ing the external nares, (c) cause hyperventilation by applying a sharp
burst of artificial respiration or administration of oxygen inhalation;
or (d) take advantage of the apnoea accompanying pentothal induction.
Qesophagus: Since it is on the left side, put that nearest the casette.
Usually a contrasting suspension is indicated.

Stomach: Empty the gut. A radio-opaque foreign body may be present,
so employ a control firm. Then take a series 3 hr., 1 hour., 3 hours etc.,
after contrast meal.

* A lead washer suspended from the tube port makes a convenient plumbline for
centering.
t A carpenter’s T——square will be found useful here.
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Intestines: Empty gut. Control film, then contrast media per os, or per
rectum. Make exposure as necessary judging from first film.

Liver: Qutline fair on low exposure. Contrast media, billigraphin,
phenobutiodil etc., will show biliary tree. Cholangiography: medium
injected along the hepatic duct via duodenum.

Gallbladder: Shown by contrast media.

Uterus: Shows up whitish; use lateral exposures for pyometra and
pregnancy. For endomentritis and salpingography, use v—d exposure
and contrast media®.

Bladder: Lateral (from either side) will show radio-opaque calculi.
Contrast media of gas or 109, Nal, ‘‘Lipoidol” (iodized poppy seed oil)
injected via urethra, or one of the excretory contrast media given
intravenously or intramuscularly, (Uropaque etc.).

If rupture is suspected (after trauma, e.g. fractured pelvis) injected
contrast (air or iodine) preparation will not define a cavity.

Kidneys: Withhold food and water 12 hours pre X-ray, give laxative
6 hrs. pre X-ray and 5-10 units pituitrin  hr. pre X-ray. Light anaesthe-
sia and then, for example inject 30 ml. diodrast over 4-5 mins. i.v.
X-ray at 10-15 min. intervals (using long T, high ma and low Kv).
THE EXPOSURE.

The amount of radiographic energy (R.E.) reaching the plate
determines the chemical change in the emulsion—i.e. the greater the
energy the blacker the resulting film.

RE = Voltage (Kv) x Current (M. amps) x Time (Secs.)
Distance? (inches or cm.)

M.amp can be accurately determined from the milli-amperemeter.
Time is set by mechanically operated time switch (can be preset).
Distance is set by actual measurement, from tube port to plate.

Kv., however, is difficult to standardise between various machines,
and an exposure for each machine must be worked out.

By increasing the Kv., the penetrating power of the rays is increased,
and (usually) contrast is diminished; lowering Kv. has the opposite
effect. If Kv. is altered, one of the other settings must also be altered to
maintain proper radiographic density.

The following rules of exposure will be of use when, perforce, one
of the factors is altered:

Where D = distance; M = milliamperage; = T Time and
K = Kilovoltage.
(i) Mli M2 as D12 :Dgz
or
The M required for agiven exposure varies directly as D2
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(i) My: Mpas To: T,
or
the M required for a given exposure varies inversely to T.
(iii) T1: Ty as D,2%: D,?
or
the T required for a given exposure varies directly as D2
Kv. is rarely changed on the machine, but when it is, a
table of variations is consulted on

(a¢) how much T is increased when Kv. is reduced and
(b) how much T is reduced when Kv. is increased.

When grids (Stationary or Potter-Bucky) are used the R.E. must
be increased about four times. When intensifying screens are used,
R.E. may be reduced.

In order to give a guide to exposure a table is presented (see Table
I). Unless otherwise indicated, distance and milliamperage are set at
30 inches and 15 respectively. [t is assumed that standard intensifying
screens are used, without grid or Potter-Bucky diaphragm.

Before exposing the plate it is wise to attach metal markers to the
casette indicating patient in clinic serial number and left and right or
medial and lateral.

FLuoroscopy.

The source of radiation is usually arranged below the table, with the
patient on the table and the screen held in line over this:

e / tmage cast

on Screen.

pattent.

cong of
X-ray
machite,

Fig. 10: Arrangement for Fluoroscopy.
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M OWENO R

TabLe |

ROUGH GUIDE TO RADIOGRAPHIC EXPOSURES IN VETERINARY PRACTICE.

Cat & small Dog
Time
Kv. M. amps. Secs.

30 1b.

Dog

Time

Secs.

60 1b. Dog
Time
Kv. M. amps. Secs.

90 1b. Dog
Time
Kv. M. amps. Secs.

Kv. M. amps. Secs. inches.

300 1b. Pony, Calf
Time Dist.

——

. Humerus
. Radius-ulna ....
. Pes
. Femur
. Stifle
. Tibia-fibula

. Sialograph. .
. Metrography.. ..

. Cervical Vert. D-V

Cervical Vert, Lat.
Thorax V.D....
Thorax Lat.....
Abdomen V-D..
Abdomen Lat...

. Pelvis V-D......
. Pelvis Lat.......
. Shoulder & CI-TI

joints.

Lat...

joint.. ...
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450 Ib. Pony, Calf
Time Dist.
Kv. Ma. Secs. inches

Adult Horse, Bovine
Time Dist.
Kv. Ma. Secs. inches

60 10 1} 24
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» 1 l‘& 1"
w4 »
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T 24
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This table is designed for a machine limited to 60 Kv, and where high-speed intesifying screens are used.

Where Distance is not given, please assume 30",



Advantages.

Movement can be appreciated—e.g. swallowing of opaque sub-
stances, which will give an idea of oesophageal abnormalities. Removal
of fish hooks from the oesophagus is also a favourite use for the
fluoroscope. Certain bone operations and checking reductions are
greatly facilitated by the fluoroscope.

Disadvantages.

No permanent record of the examination is available for future
reference.

The time permitted for fluoroscopy is short -since the generating
tube cannot be run too long. This may prevent perception of details
which would be seen when studying s skiagraph at leisure.

The exposure hazard with fluoroscopy is up to 1,000 times that
involved in standard radiography?*.

Tue Dark-RooM; Layv-outr AND PROCEDURE.

Since a dark-room is essential to good radiography it should be a
deliberately planned work space and not an adapted cupboard.

The following plan is satisfactory, and will meet the requirements
of most radiographers.

H L

1
T
scale.

E. F|| Lft.

e - —— - e - oy

B. L
B.

Fig. 11: Dark-Rcom Plan. (Scale as indicated). (See text for Legend).
(Plan drawn from that in use in the Department of Surgery, Faculty of
Veterinary Science, Onderstepoort).
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A. Switch to safe light—conveniently situated near entrance, provided
with a small pilot light.

B. Angled passage, with walls painted black. No light will get into dark
room when curtain is drawn too.

C. Curtain.

D. Wall brackets bearing film holders. Film holders are of two types,
the slotted variety—preferred—and the film clip action holder
which is tricky to operate in the dark and damages the plates.
Holders are usually in 3 sizes to fit the standard film sizes. These are
8” x 10", 8" x 127, 12" x 15",

E. Work space: This is an uncluttered shelf space, 4° x 2’, and 2’ 9"
from the floor. The recently exposed film is removed from the
casette and placed in a film holder. Light is provided by F. the safe
(red) light fixed to the wall.

G;. Is the developing tank. The film in its holder is placed in this
tank so that the whole film is immersed, moved briskly up and
down twice or three times (to remove bubbles sticking to it) and
left hanging on the supports provided.

All the tanks G,—G4 are of enamel, stainless steel or bitumous
compound. The solutions should be kept at 60-70°F for standard
results. If the temperature is outside these limits the developing and
fixing times are altered according to a table available from dealers.
More costly apparatus may be obtained which has a heating apparatus
and a thermometer, or thermostat.

If the developer is too hot, it may fog the plate, if too cold the
action is delayed or prevented. Essentially the process is the action of
an alkaline solution on the silver emulsion of the plate. If the developer
is old, the chemical action of development is delayed, if it is too strong
only the outer layer of the emulsion is developed. Mix the developer at
about 4 weekly intervals, more frequently if used often. The addition
of KBr will restrain development at the surface, and tends to keep the
‘whites’ clear. Keep the developer covered when not in use, to prevent
excessive O, adsorption.

A new X-ray developer, designated PRA, is available; this allows a
shorter radiographic exposure time, which reduces the radiation hazard
and also gives clearer pictures with less ‘‘blurring”. A longer develop-
ment time is necessary to compensate. 8

Once the film is in the developer, the timing clock H, is set to 5
minutes (more or less according to solution temperature).

Whilst waiting for the clock to ring, a new film is removed from the
stack of films at I. New film, in its yellow-paper cover is removed from
its box and the lid closed again. Without touching the plate (film)
itself, but only the paper cover, the film is placed in the casette, J.
One casette of each of the three sizes is kept here, always ready loaded.
A casette is a film holding device, composed of an aluminium frame
with a bakelite centre, much like a picture in a frame. The frame bears
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bhinges on the reverse side, hinging an aluminium flap, which when
closed provides a light-proof compartment for the film. Sliding
clips keep the flap firmly closed except when reloading.

Casettes are usually fitted with intensifying screens. These are
specially prepared sheets, coated with calcium tungstate fixed to the
inside of the flap and to the bakelite screen. They fluoresce when
exposed to X-rays, and as their name signify, intensify X-ray action on
the plate. It is imperative that these screens are not soiled or traumatized
in any way, because any damage will be reflected on all film exposed
between these screens thereafter.

Soon after the casette has been reloaded the clock will ring.
Remove the film in its holder from the developer and place in G,, the
stopping bath. No further development will occur. Now place momen-
tarily in G4 the washing tank to remove any trace of developing solution
(developer and fixer are mutually incompatible, and traces of one in the
other upsets the desired chemical processes). Now place in G, and leave
for 5 minutes or longer. G, is the fixing tank, containing sodium thiosul-
phate or hypo. X-ray film is essentially composed of small specks of
silver suspended in a gelatine emulsion on a celluloid sheet. The hypo
removes all unreduced silver, leaving metallic silver in the emulsion.

If the fixer is too acid, X-ray plate shows a rash—add Na,COs.
If the fixer is too alkaline, the plate appears milky—add acetic acid.
The hypo must be carefully washed off the film by placing in G ,the
washing tank again, lest hypo crystals form and ruin the film.

The last remaining letters in the diagram of a dark room are:

K. storage cupboard and

L. the exhaust fan, drawing air from the adjoining room (which
usually houses the X-ray machine) and discharging it into a
flue leading up and out of the room.

M. is a rack over the sink for drying films.

EXAMINATION AND INTERPRETATION OF RONTGENOGRAMS.

Place the film on a viewing screen provided with shutters to cut
off light showing beyond the plate margins. A comfortable chair and a
suitably darkened room complete the physical requirements. Examine
the various structures in definite order, starting with the soft tissue
outline, then the soft tissues, then the bones. Seek out and evaluate
radiotranslucent and radio-opaque forms.

Whilst examining the soft tissues note :—

(i) The heart, aorta, pulmonary arteries, liver, kidneys, and
the testicles, which show as whitish areas on the film, The
spleen outline can sometimes be seen in T.S. and is faintly
white.

(ii) The trachea and bronchi, (also such hollow viscera as
stomach, intestines etc.,) sometimes show up dark due to the
air they contain.
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Whilst examining skeletal structures:—

(i) Recognize the bones on the plate, and determine the age,
breed and sex of the patient if possible.

(ii) Correlate density between soft and hard tissues to determine
“soft bone”’ (as in Siamese kittens etc.).

(iii) What bones, and what parts of those bones show changes
from the normal? (Osteogenic sarcomas are most apt to
involve the ends, especially the distal end of the shaft.
Ewing’s sarcoma involves the centre of the shaft).

(iv) Are changes primarily in the cortex or within the medulla?

(v) Is the lesion margin sharply defined or not? (Sharp margins
suggest a benign tumour. Rough or furred margins suggest
infection or malignant tumour).

(vi) Is the lesion confined to the shaft, or does it invade the epi-
physis or joint? (Osteomyelitis rarely crosses an epiphyseal
line. Tuberculosis may invade the joint. Carcinoma of a
bone does not invade the joint).

(vii) Is the lesion destructive, proliferative or both?
(viii) Is there associated disease of soft tissue?

(ix) Hyaline cartilage is radiotranslucent, so where bones of a
joint appear abnormally close, it may be assumed cartilage is
lacking—pathognomic of joint disease.

The sesamoid bones and the os penis provide difficulties unless
familiarity is gained. Since there is no veterinary radiologic atlas,
difficulty arises in evaluating epiphyseal lines, e.g. that of the crista
tibialis. Compare the opposite limb when in doubt. The sacroiliac
articulation may be mistaken for a fracture. The clavicle of the cat
(rarely in the dog) may appear to be a foreign body in the cesophagus,
whilst the scapular spine in cats may appear to be a needle in the thorax.

In undisplaced and impacted fractures the plate reveals a dense
black irregular line. Haematomas show as a dense white area: after
5-7 days fine wavy calcification lines may appear. The callus of perios-
teal origin shows faintly 10 days after fracture, whilst that between
fracture ends is only seen by the 18th day. The amount of callus is
proportional to the damage and displacement of the fragments, yet the
better the reduction the sooner callus will appear. No visible callus
appears within a joint capsule.

At 16-20 days sufficient callus may be present for discontinuing
splintage, but this may be apparent radiologically only if Kv is reduced
from the usual normal value to the ‘‘soft picture’ setting.

Lead sheets may be used to protect half the film in a casette from
X-rays whilst the other half is exposed. Thus two radiographs can be
made on one plate. Since the proximal part of the femur is more
heavily muscled than the distal end, a lead sheet moved distally from
the mid-femur during an exposure will provide a uniformly intense
femur image.
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X-Ray Hazarps AND ProTECTION.

All individuals are equally sensitive to X-rays, unlike ultra-violet
exposure, to which darker skinned individuals are more resistant than
fair individuals. Over-irradiation causes progressive and cumulative
damage resulting in:

(i) Genetic mutations (described in Drosophila by Miller in
1927).

(i) Premature senescence, with life expectancy reduced 6% years
(in careless radiographers). Repair, especially of bone marrow
spleen and blood vessels, is retarded.

(iii) Leukemia (incidence in radiologists is nine times the norm).

(iv) Osteogenic malignancy: seen in young subjects (before
epiphyses unite) upon repeated joint X-rays.

(v) Radiodermatitis, usually malignant epithelioma.

- The composition and function of specialized cells alter with lower
doses of irradiation than are necessary to produce changes in macro-
and microscopic anatomy.

These facts should be sufficiently awe-inspiring to validate meticu-
lous precautions in radiography. For example, maximum weekly
exposure allowable in Canada was 500 mr. in 1947, this figure being
progressively reduced to 96 mr. in 1957. The latter is in line with the
recommendations of the International Committee of Radiological
Protection, which allows 500 mr. per year.

The veterinarian using X-rays is morally and legally responsible for
adequate protection to himself, his patients and his assistants, The
following points need attention:

1. The X-ray machine should have the rectifying tubes and the
Coolidge tube immersed in oil within a stout metal case. The tube port
should be well shuttered or coned.

2. Protective clothing—leaded gloves and apron must be worn by all
persons within 10 feet of the patient unless shielded behind a leadlined
door. This is provided with a lead glass window and is situated at the
control desk.

3. Patient control, by sedation or anaesthesia, and patient position-
ing by sand bags and sash cords are valuable. If possible protect patient’s
gonads with lead sheeting. Since X- irridiations of foetuses invite
mutations, use radiography in pregnant patients in emergencies only.

4. For fluoroscopy accommodate the eyes to darkness by wearing
red glasses } hr. before examination, and accommodate pupils to a
completely dark room. This reduces time needed for fluoroscopy
{(and irradiation hazard) and wear on the tube, and facilitates diagnosis.
Leaded gloves may be used for palpation under the screen.

5. Monitor badges should be worn by all radiography personnel.
These are checked at a physics laboratory, and charts of exposure are
recorded.
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COMPARATIVE MEDICAL STUDIES OF CHRONIC DEGENE-
RATIVE DISEASES AS A VETERINARY PUBLIC HEALTH
ACTIVITY

Martin M. Kaplan.*

(This paper, presented at the WHO/FAO/CCTA Seminar on Veterinary
Public Health, Nairobi, Kenia, 24 November—3 December, 1960, was
submitted, inter alia, to the Jnl. S.A.V.M.A. for publication. ‘It is hoped
thereby to inform and interest certain sectors of the veterinary profession in
another dimension of potential contributions of the veterinary profession to
public health. WHO activities in comparative medicine, as delineated in
the following document, will be concerned mainly with initiating and co-
ordinating, internationally, research in selected areas in this field.”")
(Received for publication 2nd Feb. 1961).

Comparative medicine can be defined as the study by comparison
and contrast of biological phenomena in health and disease in various
animal species, including man. Such studies are not new, forming a
part of ancient as well as modern medicine with respect to anatomy,
physiology, pharmacology, etc., as well as to communicable and other
diseases. Their incorporation as part of veterinary public health?
activities, however, is a recent development in that they comprise a
co-ordinated and directed application of comparative medical studies to
major disease entities of man.

Chronic degenerative diseases are emerging as the most pressing
medical problems of the present and future, consequent upon the
steady subjugation of acute communicable diseases now in the course of
accomplishment in most parts of the world. Comparative medical
studies of acute communicable diseases, and of infectious agents in
general, retain a high level of importance to public health, but considera-
tion here will be limited only to the principal chronic degenerative
diseases (some of which may have a communicable aspect), notably
cancer and cardiovascular diseases. Other chronic conditions such as
muscle, bone, joint and metabolic disorders will be touched upon only
briefly.

For the purposes in question a distinction must be drawn between
experimentally induced diseases of the chronic degenerative type in
animals, and those conditions which occur spontaneously. A vast
amount of work and attention is understandably being given to experi-
mentally produced diseases, especially in laboratory animals, and the
pragmatic results obtained fully justify such an approach so that its
theoretical advantages and limitations need not be considered here.

* Chief, Veterinary Public Health,WHO, Geneva.

! Veterinary public health has been defined as ‘‘the field of activity which protects
and advances human well-being by utilizing the combined knowledge and resources
of all those concerned with human and animal health and their interrelationships”’
WHO Tech. Rep. Ser. 111., 1956).
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(It might be noted in passing, however, that certain of the common
cardiovascular diseases of man are not at present experimentally re-
producible in animals—e.g. rheumatic fever—while experimentally
induced diseases may not be duplicates of the human condition—e.g.
hypertension and atherosclerosis.) Such experimental work will
undoubtedly continue to receive considerable attention and support in
the future. The particular and unique contribution of comparative
medical studies as a part of veterinary public health activities is derived
from the stimulation of research, collection and analysis of data on
spontaneous disease processes in domestic animals (and to a lesser extent
wildlife) referable to analogous diseases in man. The lines of division
indicated above, viz. spontaneous versus induced disease and domestic
in distinction to laboratory animals, should not be treated too rigidly,
because all possible areas of investigation must be entered if leads so
indicate. The arbitrary demarcations are made in part for practical
considerations, i.e. the reasonable possibilities of accomplishment by
veterinary public health workers. This does not lessen the obligation,
however, of such workers to be fully aware of developments in related
areas of scientific activity which may find application in investigations
amenable to a comparative medical approach allied to veterinary public

health work.

The rationale for comparative medical studies in a veterinary
public health context may be summarized as follows:—

1. Spontaneous disease processes such as cancer and cardiovascu-
lar diseases are biological phenomena common to many species of
animals, and it may be safely assumed that these conditions are broadly
comparable to those observed in man.

2. Studies of these diseases in domestic animals lend themselves
uniquely to epidemiological types of investigation. Thus environ-
mental factors common to man may be segregated and studied from the
standpoint of their possible influence on aetiology.

3. A wealth of material is readily obtainable in abattoirs, veterinary
clinics, and from the carefully kept records of animal groups (herds or
flocks) of similar or contrasting genetic, age and nutritional back-
grounds. The latter factors, amenable to study, may be operative in a
particular disease process.

4. The life span of certain animals physiologically resembling
man, i.e. dog, telescopes that found in man, thus reducing the period
of time needed for study of age-associated components.

5. Species of animals differ in anatomical and physiological
details which may result in individual expressions of similar disease
processes related to structural or functional variables distinguishing
certain species. The existence of these variables, when combined with
a detailed understanding of them, may well shed light on the specific
factors involved in certain disease conditions.

6. Finally (and obviously) animals can be experimented with
more easily than man for the investigation of any leads of particular
interest.
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As mentioned previously, the two major problems confronting
puman medicine with respect to chronic diseases are cardiovascular
disease and cancer, and WHO has been examining these fields from the
point of view as to how research in animals might be intensified on an
international scale for possible light such research may shed on analo-
gous human problems. These diseases are considered briefly below, fol-
lowed by a short reference to other chronic degenerative conditions.

A. CARDIOVASCULAR Diseases

While there is a large amount of scattered knowledge of cardio-
vascular disease conditions in different animals, a systematization of
this knowledge is lacking and the use of epidemiological techniques to
analyse environmental and other influences rarely has been applied.

The possibilities have been surveyed by WHO scientific advisory
groups for undertaking and co-ordinating comparative cardiovascular
studies pertinent to major human problems in this field. WHO has
sought to determine where its unique co-ordinating function may be
applied most profitably, and is focusing attention on a few specific
problems which it might undertake to investigate, keeping in mind
practical limitations of specialists and funds now available. At the
same time, it hopes to stimulate long-term studies through collaborat-
ing centres and by fostering the training of a few specialists so that
base-line data might be assembled over the course of the next few years.

Particular attention will be given to (1) pilot surveys of naturally
occurring atherosclerosis in swine, cattle, sheep, poultry and wild
birds; (2) the examination of hearts from wild and domestic animals
in Uganda to determine if a cardiomyopathy common to man in that
area occurs also in animals; and (3) a “‘prospective” study in a dog
colony (beagles) where several hundred dogs would be followed very
carefully through their entire lives for the development of spontaneous
cardiovascular disease. This study would be incorporated into obser-
vations on these dogs now being held for other purposes.

There are many analogous cardiovascular conditions in man and
animals which deserve study. For example, with reference to the
questions of arterial hypertension and pulmonary heart disease, it would
be of interest to study more closely the phenomenon of natural high
blood pressure found in giraffes and turkeys. Also, the so-called
“‘brisket disease’’ found in cattle living in high altitudes is no doubt
comparable to high altitude disease in man.

The following are some cardiovascular diseases and clinical syn-
dromes noted in animals* which may be considered analogues of
certain human conditions:

1. Idiopathic pericarditis
Pericarditis with effusion in dogs.

2. Cardiomyopathies
Fatal syncope (plétzlicher Herztod) in swine.
Round heart disease in poultry.

See Acknowledgements,
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3. Valvular heart disease
Chronic proliferative valvular fibrosis in dogs.

4. Congenital heart disease

Dogs, swine and calves for surgical research.
Dogs and swine for genetic research.

5. Pulmonary heart disease
Brisket disease in cattle.
Dirofilaria immitis infestation in dogs.
Heaves in horses.
Hypertrophy of the pulmonary muscular arteries in cats.

6. Arterial hypertension
Naturally occurring hypertensive disease in dogs.
Naturally occurring hypertensive disease in monkeys.
Physiological high arterial pressure in turkeys and giraffes.

7. Congestive heart failure
Naturally occurring congestive heart failure in dogs.

8. Cardiac arrhythmias and conduction disturbances

Naturally occurring atrial fibrillation in horses, cattle and dogs.
Physiological atrioventricular block in horses.

Naturally occurring Wolff-Parkinson-White syndrome in
cattle and dogs,

Naturally occurring bundle branch block in dogs.

B. CaNcEr

Neoplasms of domestic animals may be studied from the aspect of
aetiology (e.g. genetic, carcinogenic, endocrinological or viral causal
agents), histopathogenesis, histopathology, biological behaviour, epi-
demiology and geographical distribution, and chemo- and radiotherapy.

Species differences:

The most immediately striking feature of cancer in domestic
animals is the difference in incidence and site of origin between the
various species, and as compared with man.

Thus, tumours of some importance in the horse include melanomas
of the skin, carcinoma of the glans penis, teratoma of the testis, squam-
ous-cell carcinoma of the eyelid and of the cardiac portion of the
stomach, and carcinoma of the nasal cavities and sinuses.

A common malignant neoplasm of the ox is lymphosarcoma
(lymphatic leukosis), and others of importance include squamous-cell
carcinoma of the conjunctiva, which is particularly encountered in the
United States; on the other hand, cancer of the mammary gland of the
cow is very rare.

Neoplasms appear to be rare in sheep, which are largely slaughtered
young, but two of importance amongst these rare tumours are liver-
cell tumours (unrelated to fluke disease or to cirrhosis), and more or
less generalized lymphosarcoma.
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In the pig, which is also largely slaughtered when young, tumours
are rarely seen. The commonest tumour appears to be more or less
generalized lymphosarcoma, while embryonal nephromas also occur.

In the dog, in London, the most important and common cancers
are cutaneous melanomas, malignant tumours of the mammary gland,
-carcinoma of the tonsillar epithelium, intestinal lymphosarcoma and
lymphatic leukosis.

In the cat similarly they are squamous-cell carcinoma of the tongue
and the oesophagus, carcinoma of the mammary gland, sarcoma of
bone and visceral lymphosarcoma.

In the fowl, the predominant neoplastic process is leukosis in its-
various forms.

It will be seen that some tumours are important in both man and
domestic animals, while some are of importance in one, and of little
or no importance in the other. The significance of these differences
need study.

These differences in incidence and site may extend to breed and
sex within a species; thus, limb bone sarcomas are largely restricted to
the large breeds of dog, and upper alimentary tract cancer in cats is
almost entirely a disease of castrated males.

In considering a possible explanation of these variations in inci-
dence, it is stressed that in this field, as in that of cardiovascular and
other diseases, there is a need for a systematic summary of available
knowledge of species differences of an anatomical, histological, physio-
logical, biochemical or biological nature, as these must influence any
interpretation of observed differences.

These factors might underlie differences in (a) aetiology (e.g.
susceptibility to carcinogenic action, perhaps due to differences in
metabolic rate and metabolic pathways,) (b) histogenesis (e.g. of
melanomas in man and dog), (c) clinical course and malignancy
(c.f. seminoma in man and dog—only rarely metastasising in dogs).
However, many of the species differences in incidence of tumours may
be due to such factors as different mode of life (e.g. herbivorous or
carnivorous, more or less close association with man, town or country
habitat, etc.), and perhaps especially by age of death or slaughter.

A study of aging processes and of neoplastic disease in animals,
which are normally slaughtered for food when young, but would be
allowed to live out their life-span, should be encouraged. This could be
done, for example, in the case of cattle in India.

At the moment, there are a number of examples of tumours of
domestic animals that appear to be ripe for more intensive study,
from one or more angles (e.g. aetiology, histopathology, etc.), but it is
to be expected that further study in parts of the world that are at
present largely unknown in respect of animal tumours might well
reveal others that would also be rewarding subjects.

The general course of events will probably be that broad surveys in
certain countries or areas will reveal or confirm that certain tumours
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there are of particular or even unique importance. These special
tumours will then be more intensively studied as spontaneous tumours,
and from this study indications will arise of certain experimental
investigations that would seem likely to yield information of a specific
or a general significance.

The fact that certain tumours of man are of little or no significance
in domestic animals also provides an opportunity for investigation: to
account, for example, for the rarity of mammary cancer in cattle, of
prostatic cancer in dogs, of gastric cancer and lung cancer in all species,
of uterine cancer in bitches (which are prone to endometrial hyper-
plasia), and so on. It is clear that man is probably just as special a case
as any of the species of domestic animals in the pattern of incidence of
his common tumours.

Tumours that might repay special study now:

1. Lymphosarcoma and allied conditions (leukemias) in all species

2. Carcinoma of bladder in cattle in certain areas of abnormally
high incidence (e.g. Turkey).

3. ““Cancer eye” and ‘‘horn core” cancer of cattle.

Melanomas of horse, ox and dog.

5. Alimentary and lung tumours of dogs and cats, e.g. geographic
distribution of lung tumours; carcinoma of tonsil of the dog,
and mouth, tongue and oesophagus of cat, with particular
reference to atmospheric pollution.

6. Testis tumours, bone sarcomas, transmissible venereal tumour,
mammary neoplasms and mast cell tumours of the dog.

7. *“‘Jaagsiekte” of sheep.

-

C. MuscLg, Bong, JoINT AND MEeTABOLIC Di1SEASES

Information on this group of diseases is scattered amongst various
specialities. Listed below are some diseases of interest in domestic
animals where study should be fruitful as regards disease problems in
man.

Inherited-congenital dysplasia of the hip in dogs.
Osteo-arthritis in cattle and horses.

Degeneration of intervertebral discs in dogs.
Haemophilic arthropathy in dogs.

Pulmonary hypertrophic osteo-arthropathy in dogs.
Avian nephritis and visceral gout.

Bacterial arthritides in livestock (e.g. swine erysipelas).
Tenosynovitis and transmissible synovitis of poultry.
Rheumatoid arthritis in swine.

Skeletal and articular involvement in brucellosis.
Various myopathies in livestock.

Diabetes and other endocrine disorders.
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It is apparent that the implementation of the outlined activities
given previously constitutes a long and difficult task. The challenge,
however, must be met head on, with the conviction that a concerted
and sustained effort will undoubtedly be eminently worthwhile in
terms of adding to our understanding and eventual amelioration of the
ravages caused by those premature killers and maimers of man, the
chronic degenerative diseases.
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THE CANCER CELL.

Gilles de Kock.*
(Received for publication 15 March, 1961.)

Today investigations are being carried out on a vast scale to study
the cancer cell in respect of its cytoplasm, nucleus and organelles, such
as the mitochondria, Golgi complex, chromosomes, etc. The experi-
mental approach involves cytological, biological and chemical aspects.
In this review of the cancer cell it will only be possible to refer to a
few of these aspects. Reference will also be made to the studies on the
cytology and biology of the Ehrlich ascites tumours in albino mice,
carried out at the Liesbeek Cancer Institute?.

The ultra-structural research on cells has made great progress
within recent years; phase contrast, darkfield, X-ray, and above all
electron microscopy, have played a prominent part. Brachet and
Mirsky! refer to the new developments regarding the microstructure of
inanimate as well as living matter. They maintain that the electron
microscope has replaced all others as a means of discovering and study-
ing the finer details of cellular structure. Its resolving power is more
than a hundred times greater than that attainable with light.

A large number of transplantable and transmissible tumours have
been studied in animals, and extensive tumour investigations have
been carried out on chickens, rats and mice. The best known avian
tumour is the Rous Sarcoma No. 1, the transmissibility by means of
cell-free filtrates of which was first described by Peyton Rous in 1911.
According to Scharrer and Lochhead!® phenomena related to neo-
plastic growth have been studied in invertebrates, and it has also
been recognised that the study of plant tumours has yielded significant
results. In the transplantable tumours in animals, the relation between
susceptibility and heredity has also received wide consideration.

Cowdry® refers to differences between cells in a comparatively
solid tumour, and cells of a tumour of the same kind after it has been
converted into an ascites tumour, in which the cells have become accus-
tomed to a fluid environment and actually undergone adjustments in
size and shape. Klein” mentions the gradual transformation of solid
tumours into ascites tumours. Some of the transplantable mouse
neoplasms grow readily in the peritoneal fluid, while others can only
be transferred gradually. The Ehrlich ascites tumours of mice (which
will be referred to presently) were transformed from a mammary
cancer to free tumour cells by continued implantation intraperitoneally,
in which medium they multiplied in the accumulated ascites fluid.

It may be pointed out here that tissue culture has also been widely
used for the study of cancer cells.

* Liesbeek Cancer Institute, Rosebank, Cape Town.
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The metabolism of the cancer cells as determined by the mano-
metric technique is dealt with by Warburg.'* According to him the
cancer cell reveals a low respiration and a high glycolysis rate, whilst
normal foetal cells of the mouse embryo show a high respiration rate
and an absence of glycolysis. Experimentally, there is a qualitative as
well as a quantitative difference between cancer cells and rapidly growing
cells of the embryo. He considers how lack of oxygen impairs the
cell’s respiratory mechanism, resulting in irreversible damage. The
energy deficiency set up in the cell, after partial destruction of its
normal respiratory mechanism, initiates the increase in glycolysis.
Those cells that have an inadequate rate of glycolysis perish. War-
burg refers to the work of Goldblatt and Cameron*, who kept cardiac
fibroblasts in a tissue culture with intermittent oxygen deficiency for
vears, and finally obtained transplantable cancer cells, whereas the
control cultures with normal oxygen supply produced no cancer cells.

The average rate of glycolysis in rat cells, for instance, is believed
to be much greater than in human cells. The process of cancer produc-
tion, therefore, starts at a much higher level in the rat and is completed
more rapidly than in man. It has been stated that the latent period of
cancer production is probably nothing more than the time it takes for
the necessary glycolysis to develop after failure of cell respiration, and
that this is particularly long in man. It is maintained that glycolytic
enzymes are for the most part found in the fluid cytoplasm of the cell.

Warburg is of opinion that chronic intermittent oxygen deficiency
is a more important factor in the production of cancer in the body than
the continued action of respiratory poisons, such as arsenious oxide.
Clinical examples of this effect are innumerable; in these cases the
intermittent pressure leads to intermittent disturbance of the blood
supply. However, this should not detract from the fact that in so-
called occupational cancer a large number of cancer-producing com-
pounds have been incriminated (e.g., 1.2.3.6 dibenzanthracene, 3.4.
benzpyrene, etc.).

Attention has been drawn to the respiratory function of the mito-
chondria in the cytoplasm of the cell. Their importance in the produc-
tion of cancer cells has received much emphasis during the last few
years. It is believed that their respiratory function remains impaired,
once it has been damaged. Cowdry refers to their extra-ordinarily
sensitive nature, and with some kinds of injury they respond by loss of
their filamentous shape and decrease in their number. According to
him, the use of the electron microscope has shed some light on the
structure of these organelles and other cellular components in the
cytoplasm of the cell.

In the cancer cells the nuclear shape and size vary within wider
limits than in the tissues from which they develop. The nuclei are less
uniformly moulded; the nuclear division is frequently more irregular
in cancer cells, and the chromosomes are said to be much more
diversified than in the corresponding normal cells.

Viruses and their possible relation to the causation of cancer cells
have received a great deal of consideration. The advent of the electron
microscope raised hopes of demonstrating virus bodies in infective
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extracts of tumours, such as the Rous Sarcoma No. 1. The methods
of preparation of infective filtrates produce a multitude of small
particles of cellular origin, consequently there is uncertainty as regards
the significance of such bodies, when present. Thus far, the results of
electron microscopy leave the problem of the relation of virus to
malignant growth unsolved.

As stated above, it may be of interest briefly to review some of the
results of the cytological and biological investigations carried out at
The Liesbeek Clinic with the Ehrlich Ascites tumour cells in albino
mice. This tumour is a well established, intraperitoneally transplant-
able neoplasm in a pure strain of albino mice. It was converted by a
series of transfer generations into an irreversible peritoneal tumour.

After the implantation of doses of tumour cells varying from 0.5
to 15 million cells, lesions were observed in the peritoneal cavity;
subsequently free tumour cells manifested themselves in the increased
ascitic fluid. Differences of opinion exist as regards the site of first
proliferation of the tumour cells after implantation. Klein® stated
that multiplication of free tumour cells occurred in the ascites fluid
before the 4th or 5th day after inoculation. According to de Kock? the
peritoneum and mesentery were the sites of earliest lesions, and these
were observed from the 6th hour after implantation of 5 million tumour
cells. The changes were characterized by a desquamation of the meso-
thelial cells, congestion, and a diapedesis of the erythrocytes. Besides
the proliferating tumour cells, lymphocytes, polymorphs, macrophages
and reticulum cells were also present (see plate No. 1). Semi-solid and
solid tumours also subsequently manifested themselves, especially in
the adipose tissue of the peritoneum.

The ascites fluid in the peritoneal cavity was clear during the early
stage of the disease. It then assumed a pink, ‘‘milky” appearance,
which became well defined by about the 10th day after implantation.
The degree of the turbidity of the ascites fluid depended on the fre-
quency of tumour and non-tumour cells.

Initially the tumour cells in the ascites fluid were fairly uniform
in size and shape (see Plate 2). They were essentially spherical, and
contained relatively large, highly chromatophilic nuclei, with one or
more prominent nucleoli. The nuclei varied in shape from spherical to
lobulated. Multinucleated cells were also encountered. With Giemsa
stain, the cytoplasm was usually a deep blue colour and various phases
of mitosis were clearly seen. During the later stages, large tumour
cells with irregular mitoses were observed. Degenerative changes
became more apparent in these tumour cells as the disease progressed
and finally remnants of cells and free nuclei were present.

A number of these tumour cells revealed a so-called juxta-nuclear
“Hof” in the cytoplasm. In the later stages large tumour cells with a
much distended ‘‘Hof” were present,the latter occupying the greater
part of the cell and pressing the nucleus against the cell memkrane
This change in the tumour cells is considered by some to represent a
degeneration.
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PLATE 1. 2

Mouse No. 549, killed 6 days after implantation of 5 million tumour cells. The
section stained with H.E. shows on the capsule of the spleen a fibrin mesh, with
tumour cells, erythrocytes, lymphocytes, polymorphs, mesothelials and other connec-
tive tissue cells. All the large cells are tumour cells. x 150

PLATE 2.

Mouse No. 550, killed on the 7th day after implantation of 5 million tumour
cells. The tumour cells in the ascites smear stained with Giemsa are fairly uniform.
Note the frequency of lipid globules in a number of them. There are only a few non-
tumour cells present. X 650
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Attention has also been drawn to the presence of the so-called
lipid globules in the cytoplasm of a certain number of the tumour
cells (See Plate 2). Love et al® suggested that, they be termed lipid
globules, until their nature is clearly understood.

At present it is not possible to state to what extent the ascites
fluid and the various cells and tissues supply the growth promoting
substances for the proliferation of the Ehrlich Ascites tumour cells.
Humble et al.® refer to the association of lymphocytes with malignant
tumours, and indicate that probably lymphocytes form a mobile source
of enzymes and metabolites actively in demand by growing and divid-
ing cells. Powell’?, in his studies on tissue culture of mouse ascites
tumours, refers to the protecting and promoting substances from
monocytes, when tumour cells are cultivated in their presence.

Variations in the survival times after intraperitoneal implantation
seemed to depend on the number of viable tumour cells injected. The
average time with 10-15 million tumour cells from mice 9 days after
implantation was about 15 days, with a 100% mortality. With a dose
of 5 million cells, it extended in one case up to the 33rd day.

It was difficult to ascertain the cause of death in the majority of
these mice. Goldie et al.® emphasized the complexity of the mechanism
of the lethal effect of various tumours on the host. They suggested
that with the biochemical approach, the effects elicited by these tumours
may have been either, (a) the liberation into the blood stream of material
set free by the tumours, or (b) the extraction by the tumour cells of
some compounds in the blood stream essential for the proper function
of the distant tissues.
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THE LESIONS FOUND AT AUTOPSY IN DOGS AND CATS
wWHICH MANIFEST CLINICAL SIGNS REFERABLE TO THE
CENTRAL NERVOUS SYSTEM

J. D. Smit*
(Received for publication 25 Jan. 1961.)

INTRODUCTION

Nervous symptoms in dogs and cats are quite frequent; one is
therefore surprised to find very little reference to their pathology in the
literature. In reviewing the literature some reference is made to the
incidence of tumours of the central nervous system, but even this
jnformation is scanty.

In an extensive report on 1211 neoplasms from dogs, Cotchin?)
reported only three tumours involving the brain. These cases included
a carcinoma of the choroid plexus of the fourth ventricle of a six-year-
old Collie bitch, and a malignant meningioma invading the cerebellum
of an eight and one half year old bitch. The third tumour was a glioma
of the midbrain of a five-year-old Dachshund. He also reported a
fibrosarcoma of the nerve sheath of the infraorbital nerve of a five-
year-old male Spaniel. In a subsequent publication, Cotchin® reported
on a further 464 tumours from dogs; not one was found in the brain.
Cooper and Howarth! examined the changes in the cat brain; of 60
brains examined they found only 4 with lesions. They found an
astrocytoma, one oligodendroglioma, one meningioma and a granulo-
ma. In a case report Fankhauser and Wyler? described an adenoma of
the pituitary gland of a fifteen-year-old Fox Terrier bitch, with conse--
quent nervous and endocrine manifestations. A case of a meningioma
of the spinal cord was described by Kramer and Beijers.® Kovacs and
Bachrach?® described a case of adenoma of the pituitary as an incidental
finding with no detectable nervous symptoms. In a statistical investi-
gation of carcinomata in 440 dogs, Krook? did not report any brain
lesions. Vaccari'! reported a case of an oligodendroglioma in a dog.
Mulligan® stated that one neoplasm involving the pituitary gland was
observed in a spayed Fox Terrier bitch, twelve years old. He also
stated that few cases of pituitary neoplasms were recorded in the
literature up to 1945. Concerning brain tumours, he listed those
that had been found without giving actual figures. He emphasized the
higher incidence of brain tumours in breeds with a bull strain, such as
Boston Terrier, Bulldog and Bull Terrier. Luginbule® has studied
meningiomas in cats at the Angell Memorial Hospital, Boston. He
reported on 8 cases, but quite a few of the tumours were found inci-
dentally without causing any clinical manifestations. No information
about the incidence of other lesions in the nervous system is available
in the literature at my disposal.

* Department of Pathology, Onderstepoort
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OBSERVATIONS

The present study is an attempt to analyse the causal factorsin those
dogs and cats presented at the Angell Memorial Hospital, Boston, with
nervous signs as the main complaint. From a statistical point of view
the analysis will not be very accurate, because the cases selected for
autopsy are not necessarily representative of the total incidence of any
disease. To illustrate this point, one may mention nervous signs
caused by canine distemper. Only a small percentage of such cases was
studied by autopsy. Nevertheless, analysis of cases in which an autopsy
was done, may be of some value. The information can best be appreciat-
ed if presented in the form of tables. In Tables I, Il and III an analysis
is given of all the cases showing nervous signs, as encountered during the
three yearly periods, July 1959—June 1960, January—December 1958,
and January—December 1957, respectively. During these twelve-
month periods, the respective total numbers of autopsies were 376,
521 and 621. The total number of nervous cases were 56, 63 and 59
respectively. Expressed as percentages of total number of autopsies,
the figures are 15.5%, 129%, and 9.59%, respectively.

In Table IV a more detailed analysis is given of all the tumours
affecting the central nervous system. All the cases for the three years
are grouped together. The tumours are classified into three groups;
primary tumours, invading tumours and metastatic tumours.

Table V summarizes the incidence of lesions affecting the pituitary
gland.

Discussion aND CONCLUSIONS

In trying to evaluate these figures in relation to the literature, one
is struck by the significantly higher incidence of lesions in the central
nervous system found at Angell Memorial Hospital, compared with
those reported in the literature. In an attempt to explain this apparent
higher incidence, one should consider various factors. Firstly, relatively
more aged animals are seen at the Hospital. Another factor to con-
sider is the popularity of the Boxer Breed in this area, especially some
years ago. Another explanation may be the fact that a detailed exami-
nation of the brain is carried out at every autopsy. This is not always
the case at other institutions.

In scrutinizing these figures one comes to the conclusion that
infections contribute the highest number of cases with nervous signs.
Under this heading are included virus, bacterial and fungal infections.
The virus infections are divided into distemper and a second group
which, on histological grounds, is considered to be of virus origin.
This classification is based on the typical perivascular lymphocytic
cell infiltrations which are usually associated with virus infections.
The bacterial infections are usually responsible for a purulent meningi-
tis and /or encephalitis. Cryptococcus is the organism involved in the
cases produced by fungi., Tumours are responsible for the second
largest group of cases. Under the next group, classified as “‘no lesions”,
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cases with marked clinical nervous signs, usually intermittent convul-
sions or fits, are included. These cases are usually clinically diagnosed
'as epilepsy. Very careful histological examinations fail to reveal any
) pathological lesion. The lesions are most probably of a histochemical
pature and the ordinary histopathological techniques are not able to

" ghow them up. The heading ‘“Vascular Lesions” includes cases of
haemorrhage, thrombosis, emboli and focal areas of fibrosis, probably
the result of old haemorrhages. The most common congenital defects
are hypoplasia of the cerebellum and hydrocephalus. Hypoplasia of the
cerebellum is a common hereditary lesion in cats. In dogs, the only
breed involved was the German Shepherd.

The incidence of these causes vary during the years under consider-
ation but for all practical purposes the order of incidence remains the
same. The higher incidence of infections in 1957 may be attributed
to personal factors in selecting cases for autopsy.

The number of tumours involving the central nervous system is
worthy of note, especially in view of the paucity of information in the
literature. Records of pituitary involvement are rare. The frequent
involvement of the pituitary in this series of cases is, therefore, sur-
prising. This may even be more significant, if one takes into considera-
tion that only cases, where the pituitary was apparently the main
defect, are included. Many cases with minor lesions, especially vascular
lesions, are encountered. The wide variety of lesions and the divergence
of symptoms are also very interesting. Of great interest is the incidence
of lesions encountered in various breeds. To evaluate this critically
one should do it on a percentage basis of all patients seen at the hospital,
but even that may not give a true picture. Realizing that statistically it
may not be sound, one is inclined, nevertheless, to conclude that the
incidence of primary tumours of the central nervous system is much
higher in the Boxer than in any other breed. The number of tumours in
Boxers almost equals the total of all other breeds.

Another conclusion that one can draw is, that by far the most com-
mon tumour in the central nervous system in the cat is the meningioma.
Furthermore, the incidence of meningiomata is much higher in cats
than in dogs. Other primary brain tumours are comparatively rare in
the cat. In an attempt to analyse the age incidence of these tumours,
one encounters difficulties and the figures do not entitle one to draw
definite conclusions. If one arbitrarily classifies the dogs in age groups
above and below ten years, the totals are nine and eight, respectively.
The only conclusion that one can draw from this is that they occur as
frequently in relatively young animals as in aged animals.

The incidence in the different sexes is not very clear, either.
The number of males and females is more or less equal. The number of
entire males is higher than the number of castrated males and the
number of spayed females is higher than entire females. This tendency
may be due to the relative numbers of a particular sex seen at the
hospital, or kept as pets in the area. The same holds true in the case
of the cats, where castrated males contribute the major portion of
meningiomata.
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Fungus

VascuLAR Lesions
CoNgGENITAL Lesions.

No Lesions

TuMmouRs.
Primary Tumours. ............
Astrocytoma. .. ...
Oligodendroglioma ..
Meningioma, . ..................

Invading Tumours

Adenocarcinoma ................
Sp. cellcarcinoma. ...............
Chondrosarcoma. . ..............

Mestastatic Tumours
Mammary carcinoma.............
Thyroid carcinoma...............

Puruttary
Adenocarcinoma ................

SeinaL Lestons.
Abscess. . Lo
Fracture .............
Disc protrusion. .. .
Lymphoma. ......

NERVOUS CASES, 1959/60 TABLE I

Box.

Bos.

Span.

Ter.

Shep.

Collie

Pocdle

Ir. Set.

L.

Beag]el Chi.

Dob

Spitz . Basset| Grey [Blood| Bull | Cats | Tot. | Tot. Tot.
Retr. H. H. Cats | Dogs
1 1 1 1 1 7
! ! 1 1 3 3 2
1 1 1 2 2 3
1 1
5 13 18
1 1 1 1 1 1 1 5 6
1 1
1 1
1 1 2
2 1 1 1 5 5
3 3
1 1 2
1 1 2 2 2
2 7 9
1 1 2
1 1
1 1
4 4
1 1
1 1
1 1
3 3
2
! ! 1 1
1 1 1 1
1 4 5
1 1
1 1
I 1
1 1
2 2 4
10 3 4 4 4 3 2 2 1 1 1 1 4 1 1 1 1 12 12 44 56




NERVOUS CASES 1958 TABLE 11

Box Bos |Span | Ter |[Shep |Dach | Col |Pood | Spitz |Shel- |Beagle |[Fox H |[Husk | Dal- Cat Tot
tie mat
INFECTIONS.
1 1 1 1 2
1 1 1 1 1
1 1 1 1
1 1
3
3 11 14
VascuLAR LesioNs 1 2 1 1 1 1 2 2
CONGENITAL LESIONS. i
Hydrocephalus. . . . covvunriinnrennennroeenenienns
Cerebellar hypoplasia. . .« coevueerriiiirirviraneoneans 1 1 s
3
3
No Lesions. N —
2 1 2 1 1 3 3
TuMOURS.
W Primary Tumousrs.
bt ASITOCYEOMA: te v it a e o anasnsrnusnnarsaaansnsssss
Oligodendroglioma .. 2
MeENINGIOMa. ¢ oot vvr it ineneiienerorarosoanasans 1 1
6 6
6
Prruitary
[0
Haemorrthage . . ....coooiviiiiniiiniiieenenns NN 1 1
MalACTay v e it i e e i 1 L
1 1
3
SeinaL Lestons. .
...................................... 1
............................................ 1 1
.................................. 1 i
...................................... 1 1 1 1 1 1
2
6 4 3 4 8 1 2 6 2 1 2 3 1 1 19
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NERVOUS CASES. 1957 TABLE IIL

Box | Bos | Span | Pug |Wein | Ter | Shep | Dach | Col. | Pood | Spitz | L. Set | Shel L. | Afgh, | Beag. | Chi, | Cat | Total | Total | Total
Retr, Cats | Dogs
INFECTIONS.
2 1 2 1 2 1 10
1 1 1 1 3 1 1 2 2 9
1 1 2
1 1 1 1
3 22 25
VascULAR LESTONS. 1 1 1
CONGENITAL LESIONS.
Hydrocephalus. . ................ 1 1 1
Cerebellar hypoplasia ............ 1 3 3 4
3 4 7
No Lastons. 2 1 2 1 6| 6
TuMOURS.
Primary Tumours
ASLLOCYtOMA, v tv s e eunnann.s 1 1 1 3
Meningioma. . .. ..veeiniiaeiin 1 1 3 3 2
3 5 8
Adenoma 3 3
Cyst ........ . 1 1 1 3
Haemorrhage, .................. 1 1
7 7
SeinaL Lestons.
Granuloma, .....oovvviuiiinnnsn 1 1
Disc protrusion.................. 1 2 1
1 5
5 3 8 1 1 8 4 4 1 6 1 1 2 1 1 1 10 10 49 59




BRAIN TUMOURS. TABLE IV.

Boxer

Boston | Span | Airedale; Pug W eim Ter. Shep Dachs | Collie Cats Age Sex Total Total Total
yIs. Cats Dogs
PriMarY TuMoURs.
Astrocytoma 1 8 SF
1 5 F
1 3% M
1 7 M
1 13 F
1 12 SF
i | st
SF
8 8
1 83 SF
1 7 M
10
4 4
1 11 M
1 10 CM
1 10 SF
1 16 M
1 11 SF
1 10% M
1 10 CM
1 8 CM
1 12} CM
1 10 CM
1 12 CM
1 5 M
1 11 M
1 3 F
1 10 SF
1 12 CM 11 5 16
Invabine TuMmours
Adenocarcinoma . . 1 10 SF
1 8 M
1 12 M
1 12 F
4 4
MeTastaTic Tumours.
Mammary carcinoma.. ... 1 10 SF
yroid carcinoma....... 1 6 M
Spleen: endothelioma.... 1 11 M
3 3
9 2 1 2 1 1 2 4 1 1 11 1 24 35




PITUITARY LESIONS TABLE V.

Boxer | Boston | Span. Ter. Paoodle | Shep. Spitz Collie Cat Age. Sex Total Total Total
Cats. Dogs
Adenocarcinoma
1 6 M
1 9 SF 2 3
1 13 F
1 12 M
1 13 M 3 3
1 9 F
1 2 F
1 9mo M
1 101 M 4 4
Purulent Inflam........ooocvinen
Haemorrhage 1 13 F 1 1
1 8 SF
1 10 F
.............. 1 10 M
1 2 SE
1 2 SF 1 3 4
Malacia
......... 1 5 M 1 1
1 14 15




SUMMARY

Cases with lesions of the nervous system autopsied during three
years are analysed according to the type of lesion. Infections are
responsible for the highest number of cases. ~Tumours form the
next biggest group. The incidence of lesions of the pituitary gland
is surprisingly high. Primary tumours of the brain are significant-
ly more common in the Boxer breed. Meningiomata are the most
common brain tumour in the cat. Age and sex have very little, if any,
influence on the incidence of tumours of the central nervous system.
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BOVINE PAPILLOMATOSIS, WITH SPECIAL REFERENCE TO
TREATMENT WITH TISSUE VACCINES.

F. B. W. du Casse.*

The bovine papilloma or ‘‘wart” is accepted as being caused by a
virus or filterable agent, transmissible to calves and horses!. The
exact mode of transmission in nature is thought to be by direct con-
tact and possibly by arthropod vectors. This condition was found to
be widespread in the Natal Midlands, affecting mainly young animals
of all breeds between the ages of 3 to 18 months. Dietary deficiencies
did not appear to influence the incidence to any extent, as the condi-
tion was present on excellently managed farms. Some degree of natural
resistance is undoubtedly shown by individuals, as many calves never
acquire visible lesions and the degree of infection varied immensely
from animal to animal on the same farm.

Three macroscopically different varieties of growths were recog-
nized, these being the pedunculated, the sessile and the filiform types.
The lesions varied from single growths to massive conglomerstions
covering almost the entire body but especially the head, neck and
dewlap. Commonly the growths were evil-smelling and suppurating
due to incidental bacterial infection and maggot infestation. Secondary
complications such as severe growth retardation, and ocular lesions
due to growths on the eyelids were common. Heavy infestations
definitely appeared to lower vitality and resistance, rendering the
patient more susceptible to other common ailments.

All reference books consulted could offer little in the way of
treatment except surgical interference, or else held out the hope for
spontaneous recovery. Such spontaneous recovery is a well-established
fact but unfortunately, in my experience, recovered animals were often
an uneconomical proposition due to stunting, and many animals had to
be destroyed because of emaciation long before such spontaneous
recovery occurred. In many cases it was observed that this spontaneous
recovery was delayed for as long as 18 months. Conversely, there are
probably more home remedies claimed as a cure for warts than there
are for any other disease affecting domestic animals; the lay journals
mention numerous such remedies. Undoubtedly, the effect of such
remedies is purely co-incidental, spontaneous recovery being the
deciding factor.

In an attempt to assess the value of many suggested cures under
controlled conditions, field experiments have been carried out over the
past four years. To describe all these in detail could serve no useful
purpose and only a brief description is given of each. To exclude
breed variations, remedies were used on at least two different breeds
of cattle at the same time, wherever possible.

* State Veteringrian, Estcourt, Natal,
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1. Arsenic.—This is probably the most widely used remedy
amongst the farming community and forms the basis of most home

remedies.

(a) Externally.—Arsenic was given an extensive trial use in con-
junction with golden syrup, molasses and lard, Treated calves had to be
kept isolated because of the danger of licking each other. Bedding had
to be watched constantly and changed because of contact contamination.
Even so, calves died of arsenical poisoning through licking themselves
or contaminated walls. Many months of patient application and care
were unrewarding and this line of treatment thus condemned as messy,

fraught with dangers and valueless.

(b) Internally.—Arsenic was extensively tried both per os and
intravenously. N.A.B. (M & B) intravenously at recommended doses
produced no cures. Per os it was used at the rate of 0.325 gm. daily for a
week, then left off for a week, and so on for three months. No im-
provement resulted in the treated or control cases. In one badly
infected 12-month-old Hereford bull, the daily dosage rate was in-
creased by 0.06 gm. each month until after six months the bull was
receiving a daily dose of 0.65 gm. of arsenic., Typical symptoms of
arsenical poisoning set in and the bull eventually died thereof. In spite
of dosage and length of treatment, no benefit as regards wart infection

accrued.

2. AntHIOMALINE (M & B).—This was tried on four calves at the rate
of 15¢c. intramuscularly every 2nd day for two weeks. To commence
with, some quiescence of wart growth activity seemed to occur but this
was not maintained even when the course of treatment was repeated

after three months.

3. AnTHIOMALINE PLUus ArseEnic.—Anthiomaline intramuscularly plus
arsenic, both intravenously or per os, did not enhance the results of

either drug used alone.

4. Carcium SurpHIDE.—Calves were dosed at the rate of 2 gm. per day
for 10 days. This drug has an evil smell, is unpleasant to handle and
apparently nauseous. Calves refused to touch any food containing it
and objected very strongly to being dosed with it. No beneficial re-
sults were observed up to three months later.

5. PopopayLLiIN.—Podophyllin ointment, in both 10% and 25%,
concentration in liquid paraffin, was used for the treatment of indivi-
dual warts; the ointment was applied to the neck of the wart twice
weekly. Vaseline had to be smeared on the surrounding area to prevent
skin burning. Very good results were obtained, the warts often falling
off within a month. Unfortunately this remedy is impracticable where
large numbers of warts are present or many calves involved. It did not
prevent, nor could it be expected to prevent, the appearance of further
warts, but it can be fully recommended for the removal of individual

warts if surgery is not indicated.
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6. ForuaLN, 10%.—This was painted daily on the small warts when
they were first noticed. Daily applications resulted in gradual dimi-
nution and eventual shedding of these small warts, but the treatment
proved time consuming and impracticable in the field if any number
of calves was involved.

7. “ErastraTorR” Banps.—‘‘Elastrator’” rubber rings used for
castration of calves and lambs were applied to calf warts. In two
animals, 50 warts each were so treated each fortnight. All these warts
fell off within 14 days without any undue irritation to the calves, but
unfortunately new warts appeared as fast as the old ones were removed.
Only warts of a certain size could be successfully ligated by this means
and its application in practice is thus limited.

8. BismutH SaLts.—QOverseas workers have claimed encouraging
results in the treatment of warts in both dogs and cattle?,3,4, using bismuth
salicylate. Extensive field trials using Bisantol (M & B) were carried
out, using a dosage of 20cc. (equivalent to 1140 mgm. of metallic
bismuth) weekly for six weeks by deep intramuscular injection.
Early results were encouraging; many warts became black and irritant
from four weeks after commencement of treatment. Treated calves
kept rubbing the warts against tree trunks, etc., often causing extensive
wounds. By the eleventh week some 309, of the warts had fallen off,
leaving, in many cases, fairly large wounds. No complete cures resulted,
but as control calves showed no improvement, the experiments were
extended, using dosages of 10cc.. weekly for 3 months, and 20 cc..
twice weekly for 6 weeks. Results were no better at these dosage
levels. Three calves, receiving 20c.c. twice weekly, showed symptoms
resembling bismuth poisoning, viz. inco-ordination leading to paralysis.
One was sacrificed for post mortem examination and although the
absorption of this bismuth salt is said to be regular and complete, two
unabsorbed pockets of the material were found at the sites of injections.
Bismuth salicylate at a dosage level above 1140 mgm. weekly thus
appeared to be toxic for calves six monthts old.

A further series of calves was treated, using a fine agueous bis-
muth suspension (Chlorobismol, M & B) at the rate of 20cc.. per week
for six weeks. Results were no superior to those obtained with the
salicylate.

Efforts to obtain supplies of two soluble bismuth salts (bismuth
thioglycollate and sodium bismuth butylthiolaurate), said to be success-
ful in human wart treatment, proved unavailing and the salts could
thus not be tried out.

The exact mode of action of bismuth selts is apparently not
quite clear. They are said to result in inhibition of tissue meta-
bolism, but whether they do this by any essentially toxic effect, or
whether this is related to deprivation of blood supply, is not quite
clear. The process of the warts turning black and dropping off is
identical to that reported in dogs. This indicates necrosis, which can be
correlated with the tendency of bismuth salts to produce vasocon-
striction.
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9. WART VacciNgs.—Various imported wart vaccines available in this
country were given extensive trials. No beneficial results could be
obtained, even when subcutaneous injection was combined with
intradermal injection as recommended by American colleagues.®
Possibly immunologically different viral strains are present in South

Africa.

10. Virus InocuraTioN.—The theory has long been held that the
introduction of the responsible virus into the systemic circulation of an
infected animal will result in recovery. Possibly such infection in
nature is rtesponsible for spontaneous recovery; the theory cannot
be disputed. Proof thereof, under practical conditions, is difficult to
obtain. Two methods were tried: (a) simply incising an active wart to
cause haemorrhage; and (b) surgically removing a wart, comminuting
it and then rubbing the tissue fragments into the resultant wound.
Surgical interference resulted in fairly profuse haemorrhage. Even
when the blood was allowed to clot, the process of ‘‘rubbing in” the
tissue promoted further bleeding. Possibly such haemorrhage prevent-
ed the satisfactory introduction of the virus into the systemic circula-
tion, as I could obtain no cures by this method.

To test the theory of recovery upon viral introduction further,
warts from four Fries calves were removed, finely cut up, and then
well shaken with 509, glycerine-saline. The mixture was then filtered
through filterpaper and 5c.c. injected subcutaneously into each calf.
All four calves recovered within three months, while control animals
showed no improvement.

The experiment was then extended to two other farms, but here
only four out of eleven calves recovered completely, while the remain-
ing seven recovered partially; the controls showed no improvement.
It was then brought to my notice that in the calves, which had recovered
partially, the remaining warts were of the filiform and sessile types
only, possibly indicating immunologically different viral strains.
At this stage Pearson, Kerr, McCartney and Steele®, in an excellent
article, described results using tissue vaccines in Ireland. It was decided
to use their methods with slight modifications in the absence of labora-
tory equipment. Two young active warts were removed from each
calf to be treated, with the necessary care that all varieties of warts
present were represented. These were thoroughly cleansed under
running tap water, any keratinized tissue cut away and the remainder
finely cut up with scissors and added to 509, glycerine saline, using
20c.c. for each calf to be treated. The mixture was thoroughly shaken
and then left standing for 2 or 3 days. Thereafter it was strained
through muslin and finally filtered through standard filter-paper.
The latter process was rather slow and usually required some 18 hrs.
Affected calves were given 10c.c. subcutaneously, repeated after 10 to
14 days.

No local or systemic reactions of any kind were encountered in
over 200 calves so far treated. The smaller warts commenced to drop
off after 14 days, while the larger growths usually required some 4 to
5 months, although usually they could be enucleated fairly easily some
three months after vaccination.
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Careful controls were kept on four farms. These cases became
progressively worse, with no tendency to spontaneous recovery after
six months. In all, 106 calves have been treated where a careful follow-
up was possible; of these only six failed to respond: a recovery rate of
94 /. These figures fully support the excellent results obtained by the
Irish workers.

Recently Butler? described results using this method. He fully
supported the findings of other workers and indicated that the vaccine
can be kept easily, remaining fully viable for at least three weeks
at room temperature. The vaccine is easily prepared, inexpensive,
apparently safe and effective and well worthy of more extensive trials.

Proper homogenisation of the original wart mixture, as described
by Butler, together with treatment of infected calves in the early stages
of infection, could possibly improve the recovery rate to well nigh
100%.

SuMMARY AND CONCLUSIONS

An assessment of various methods of treatment of bovine papil-
lomatosis under general farming conditions was undertaken.

No beneficial results whatsoever accrued from the local or systemic
use of arsenic, nor from the systemic use of anthiomaline, alone or in
combination with arsenic, nor from calcium sulphide, or imported
wart vaccines. Bismuth salts had some effect, but no complete cures
were obtained. (Bismuth thioglycollate and sodium bismuth butyl-
thiolaurate were unobtainable.)

Podophyllin, 10%, and 25% in liquid parathn, and 10% formalin
were both effective when applied locally, but proved impracticable as
large scale treatment.

Ligation by means of ‘‘Elastrator” bands had limited value in
practice.

An autogenous vaccine, simply and easily prepared by mincing
representative types of warts and adding 50°;, glycerine-saline, proved
to be highly effective, inexpensive and safe.

REFERENCES

1. MERCHANT, I. A., & PACKER, R. A., (1958): Veterinary Bacteriology and

Virology. lowa State Coll. Press. Ames. lowa. 5th Ed.

VENKATARAMAN, V., (1943): Bismuth Salicylate in the Treatment of

Papilloma. Ind. Vet. J., 19. 323.

LAMBERT, N. H., (1948): Some Experiences in Small Animal Practice. Irish

Vet. ]., 2, 228.

BELSCHNER, H. G., (1953): Australian Livestock, Health and Husbandry Report

No. 29.

Private communication.

PEARSON, J. K. L., KERR, W. R., McCARTNEY, W. D. J., and STEELE,

T. H. J., (1958): Tissue Vaccines in the treatment of Bovine Papillomata. Vet.

Rec., 70, 97.

7. BUTLER, W. F., (1960): Treatment of Bovine Cutaneous Papillomara with
Autogenous Vaccine. Vet. Rec., 72, (46), 1016.

63

I



IN A CLASS BY ITSELF...
GLAXO-ALLENBURYS
NEW MINERAL VITAMIN SUPPLEMENT

I c VETERINARY
GRANULES

PREVENTING
o Rickets
o Unthriftiness
o Poor Bone Formation
o Mineral Deficiency

ENSURING

® Sound Teeth and Bones

® Balanced Mineral Supplementation
During Pregnancy and Lactation

® Strong Healthy Litters

16D

specially flavoured granules for cats and
dogs containing iron, calcium and vitamin D,
in 2 oz. and 1 1b. tins from all chemists.

GLAXO-ALLENBURYS (S.A.) (PTY) LTD.

v P.0. Box 485, Germiston, Transvaal.
P.0O. Box 860, Durban, Natal.

Grant 350/704



J. S. Afr. vet. med. Ass. XXXII (1) 1961.

SEASONAL INCIDENCE OF NEMATODE PARASITES OF SHEEP
IN THE KING WILLIAM’S TOWN AREA.

C. M. T. Meldal-Johnsen*
(Received for publication 17 October, 1960.)

INTRODUCTION

It is not necessary to emphasise the great economic importance of
intestinal parasitism to the sheep breeder nor to direct attention to the
growing importance of the problem in the light of the changing face of
agriculture today.

In the past a considerable amount of work has been done on the
identification of the helminths concerned with the result that the
identity of at least the more important genera and species in the various
regions of the country is known fairly accurately. Based on this know-
ledge, coupled with the available information of the life cycle and
ecology of the parasites, there have been evolved therapeutic and
prophylactic measures which have been of material benefit to sheep
husbandrymen. Experience has shown that these measures have not
always been fully effective. Consequently it was thought that if more
accurate data were accumulated on possible seasonal fluctuations in the
incidence of the parasites, more effective control measures could be
worked out to include alternating the use of drugs with differing
parasitic specificity.

With this in view a start was made with an intensive survey at
various strategic points throughout the country. One such point was
the King William’s Town area of the Eastern Cape Province. The
survey was started on the 12th January, 1959, but unfortunately owing
to unforeseen circumstances cessation of the work some ten months
later could not be avoided. Even after so short a period of time it is
felt that the results obtained are of sufficient importance to warrant
publication.

MATERIAL AND METHODS

The work was carried out on three separate farms, Fort Cox,
Dohne and Peninsula, 25 ewes being used for sampling on each farm.
Observations were also made on the lambs from these ewes born
during the experimental period. The experimental sheep were not
subjected to any anthelmintic treatment.

Faeces were collected from each sheep fortnightly. Egg counts were
‘made by the McMaster technique! and larval cultures by that of
Whitlock?, the larvae being identified microscopically on a percentage
basis. Nematodirus eggs were identified separately. From this data the
mean egg per gram (e.p.g.) counts for each species was calculated.
Daily maximal and minimal temperatures and rainfall were recorded.

* Present address: c/o Department of Agriculture,
Private Bag, HAMILTON, New Zealand.
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Resurts

The results for the ewes are depicted histographically in Figure
No. 1. The highest mean e.p.g. of faeces is expressed as 100%, for each
species, and the fortnightly incidence as a percentage thereof.
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Fig.No! Fortnightly mean egg per gram counts expressed as percentages
of the highest fortnightly mean egg count for each species.

Farm A—Fort Cox.

The experimental animals grazed on natural pastures only. The
dominant worm species were found to be the following:—

(1) Haemonchus contortus.

As shown in the histogram the e.p.g. at the commencement of the
experiment was comparatively low due to the fact that just previously
the flock had been dosed with phenothiazine. Thereafter there was a
marked rise to approximately the 50 per cent mark at which level the
count fluctuated until there was a dramatic drop at the beginning of
winter in May. This low level was maintained for a short period of
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only one month, when, even before the advent of summer, the e.p.g.
rose suddenly to reach a new peak of 1,729 e.p.g. in September, about
which level it fluctuated for the duration of the trial.

(2) Trichostrongylus spp.

It will be noted that in contradistinction to the findings with
Haemonchus and Oesophagostomum, the egg counts were high at the
beginning of the trial. There was a steady decrease until mid-winter,
when counts started to rise again to reach a peak of 325 e.p.g. in
October.

(3) Oesophagostomum columbianum.

Initially, following treatment, the egg counts were low but rose
significantly during the late summer months. There was a decrease in
the winter but with the advent of summer a sudden increase occurred
to reach a peak in November of 463 e.p.g. at the termination of the trial.

From these ewes fifteen lambs were born between 24.6.59 and
4.7.59. From the age of 6 weeks H. contortus infection was determined
in these lambs. The only other parasite of note encountered was
Nematodirus. Egg counts throughout were very low.

Farm B—Dohne.

The system of husbandry was similar to that at Fort Cox except
that the sheep were grazed on artificial pastures from time to time and
in September the flock was moved to grazing which had previously
been burnt and subsequently had sprouted vigorously.

(1) Haemonchus contortus.

The general trend was similar to that seen at Fort Cox, showing
the same general seasonal fluctuations with a peak of 4,910 e.p.g. in
September just prior to moving the sheep onto the new ‘‘burn”,
after which there was a dramatic drop to a low level.

(2) Trichostrongylus spp.

Except for the finding that there was no tendency for the egg
counts to fall in the late summer and autumn the general tendency
followed the Fort Cox pattern with a peak of 651 e.p.g. being reached in
October. It will be noted that although there was a sudden fall in the
egg counts when the grazing was changed, this was of short duration
and was followed by a further rise.

(3) Oesophagostomum columbianum,

The general trend followed the Fort Cox pattern with a peak of
2,105 e.p.g. in September. Following the change of grazing there was
again a dramatic fall apparently of short duration with a tendency to
build up progressively.

The ewes lambed towards the end of winter and the most import-
ant parasites identified from the lambs were Trichostrongylus spp.,
Nematodirus spp. and Haemonchus contortus, in that order of frequency,
but again the egg counts were low.
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Farm C—Peninsula.

The flock grazed throughout the experimental period in one
paddock.

(1) Haemonchus contortus.

Egg counts rose during the autumn to reach a minor peak -in
April-May. This was followed by a gradual decrease to be followed in
turn by a more rapid rise in spring to reach a peak of 3,193 e.p.g. in
October.

(2) Trichostrongylus spp.

In spite of fairly considerable weekly fluctuations the general
trend was for the egg counts to rise steadily throughout the period of
the survey until the highest count, 549 e.p.g. was reached on the
concluding day in November.

(3) Oesophagostomum columbianum.

Again the general trend was a progressive increase for the duration
of the trial with an isolated peak of 458 e.p.g. in May.

Only five lambs were born during the last two weeks of April.
Fgg counts were higher than on the other two farms, Haemonchus
contortus reaching a peak in September of 5,003 e.p.g. followed a fort-
night later by the highest infestation of Trichostrongylus spp. of 234
e.p.g. Infestation by other species as determined by egg counts was
insignificant.

DiscussioNn

The winter rains amounting to 3 to 4 inches in both May and July,
on all three farms are abnormal for the area, where the winter is usually
very dry. The results may therefore not be typical for other years.

Initially egg counts for all species were low, due to the fact that the
experimental animals had been treated prior to the survey. The
dominant species was H. contortus, which showed a rise in autumn, a
fall in winter and a major rise in spring. This is in conformity with the
findings of Gordon?® in summer rainfall areas of Australia. The spring
rise in egg counts does not appear to have been influenced by the
winter rains but rather by the rise in temperature. The spring rise
appeared to coincide with the mean maximum temperatures rising
above 60°F which in many respects corresponds with the figure of 65°F
stated by Gordon® to be the critical temperature for this parasite to
thrive on pastures.

Some support for this hypothesis was also shown by the autumn
born lambs at Peninsula which acquired a high level of infestation. On
the other two farms, lambs born in June and those born in July and
August only become infested with H. contortus in the spring.

The main point of difference in the seasonal incidence with
Trichostrongylus spp., when compared with the previous species, was
the marked rise in egg counts in the winter. Gordon’s® observations,
that the critical temperatures for this species are considerably lower

68



than those for H. contortus, was confirmed. In addition, the abnormal
winter rains probably assisted in this winter rise.

Lambs born in autumn and in the winter acquired similar levels of
infestations with Trichostrongylus spp., indicating that the level of pasture
infestation was similar throughout the winter, which was not the case
with H. contortus.

Although in most respects the seasonal trends of O. columbianum
were similar to those of H. contortus in the ewes, the egg counts were
very low when compared with the latter species. After a rise in egg
counts in autumn and subsequent fall in winter, counts rose in the
spring and early summer. The peak reached in the egg counts in May at
Peninsula cannot be explained. The incidence of this species in lambs
was too low for any conclusions to be drawn,

One point of interest arose from the examination of the eggs of the
genus Nematodirus. Both N. spathiger and N. filicollis eggs were
observed. The former species has been considered previously to be the
only species of importance in South Africa, the latter having been
identified on only two occasions in sheep®. The egg counts from this
genus were low, but more prevalent in lambs than ewes. This agrees
with the observations of Tetley® and ThomasS,

It was interesting to note the dramatic drop in the egg counts of
H. contortus and O. columbianum in the ewes at Dohne when placed in a
new camp. The grazing in the new camp was short (2 inches high)
and very green as a result of the camp having been burnt some time
previously. A possible explanation is the hypothetical presence of an
anti-helminthic agent in rapidly growing grass as suggested by Gordon?®.

SUMMARY

1. A survey of nematode parasitic infestation was carried out on
three farms in the King William’s Town area.

2. Results over one season indicated that the predominant para-
site was Haemonchus contortus. This showed a seasonal rhythm involv-
ing a lesser autumn peak and a major spring peak of egg counts.

3. Oesophagostomum columbianum was present to a lesser degree
and showed a similar seasonal trend to that shown by Haemonchus
contortus.

4. Trichostrongylus spp. were also present in relatively low numbers.
Trichostrongylus spp. differed from the previous two species in showing a
rise in egg counts during the winter months.

5. Nematodirus spp. were present in small numbers in lambs and a
small mixed infestation of Nematodirus spathiger and Nematodirus
filicollis was recorded. It appeared that the latter species was more com-
mon than had previously been suspected.
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FACTORS AFFECTING LOSSES OF BENZENE HEXACHLORIDE
IN DIPWASH SAMPLES

G. N. Emby and P. J. Gallagher*

(Received for publication 20 March, 1961.)

INTRODUCTION.

Losses of benzene hexachloride (BHC) are known to occur in
dipping tanks. The results of chemical analyses invariably indicate
that replenishment of the dipwash is necessary, because BHC is re-
moved by the animals during dipping: a process called ‘‘exhaustion”.
Other mechanisms also contribute to the loss of BHC and Allan?!
attributes these additional losses of BHC in tank washes to the direct or
indirect decomposing action of bacteria on the gamma isomer, although
Roulston and Schuntner? conclude that the bacterial decomposition
hypothesis does not afford an adequate explanation of all the BHC
losses.

In experimental dipping tanks it is the practice to analyse dipwash
samples at frequent intervals and the samples in transit from dipping
tanks to the laboratory for analyses often have to travel considerable
distances. Bacterial decomposition, reputed by Allan (loc. cit.) to be a
factor for losses of BHC in dipping tanks, is likely to operate in samples
in transit. If this does happen, the analytical results would not reflect
the actual strength of the dipwash at the time of sampling. Glass bottles
are commonly used to contain these dipwash samples. Their chief
disadvantage, however, is that they are easily broken in transit; a more
robust type of container is desirable. Polythene containers might
reasonably be expected to be suitable.

The object of this investigation was to consider whether, in fact,
bacterial decompositon was operative in dipwash samples in sealed
containers, and whether polythene containers could replace glass
bottles with advantage, or wouId influence the concentration of gamma
BHC in these dilutions.

The gamma isomer of BHC was used throughout this work.

ExXPERIMENTAL

1. Bacterial decompostion of BHC in dipwashes.

Samples from five experimental dipping tanks in different areas
of South Africa were stored in stoppered glass bottles at laboratory
temperatures. The BHC content was determined at intervals. The
progressive loss on storage is evident in Table 1.

* African Explosives and Chemical Industries Ltd., Research Department. P.O. Box
1122, Johannesburg.
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TABLE L
BACTERIAL DECOMPOSITION OF BHC oN sTtoraGR

p.p.m. BHC in dipwash
Time
of Dipping Tank
storage
(weeks) Cool Ray Tayside Smiling Charter Varschvlei
Valley Estates
0 297 284 267 309 312
1 283 274 254 — 294
3 217 173 239 292 250
54 160 154 202 287 188
11 101 54 157 276 184

These results show losses as high as 81 per cent (Tayside) within
11 weeks’ storage. Within 1 week of storage, the average loss, discount-
ing Charter Estates, was 4.7 per cent.

The effect of contaminating laboratory-prepared clean BHC
dilutions with proportions of tank washes was investigated when it was
found that contamination with 50 per cent of a dirty wash was necessary
to bring about a 50 per cent decompositon of BHC within 11 weeks.

2. Inhibition of bacterial decomposition.

A 0.2 per cent addition of a tar oil white disinfectant (R.W.
coefficient 18-20) was made to a dirty Tayside wash giving previously
an 81 per cent decomposition of BHC on storage. Stored and analysed
as previously, this wash gave only a 5 per cent decomposition of BHC.
A 0.2 per cent addition of sodium chlorate to a similar wash resulted in
a 27 per cent decomposition under the same storage conditions,
whereas arsenious oxide limited the decomposition of BHC to a
maximum of 6 per cent when added to the wash at 0.16 per cent As,Os
concentration. This wash was stored for 8% weeks.

TABLE 2.
THE EFFECT OF POLYTHENE CONTAINERS ON THE CONCENTRATION OfF BHC
Condition
of dipwash Clean Foul
Samples Pyrex Soda Polythene Pyrex Soda Polythene
stored in glass glass
Duration
of storage BHC BHC BHC BHC BHC BHC
(weeks) % % % % % %
0 0.072 0.072 0.072 0.080 0.080 0.080
1 0.072 0.071 0.047 0.081 0.080 0.069
2 0.072 0.071 0.040 0.081 0.080 0.064
3 0.070 0.069 0.027 0.078 0.076 0.055
4 0.072 0.072 0.025 0.080 0.079 0.055
5 0.073 0.072 0.022 0.080 0.078 0.055
6 0.072 0.071 0.019 0.078 0.078 0.050
8 0.071 0.072 0.019 0.078 0.078 0.043
11 0.072 0.072 0.019 0.080 0.080 0.045
13 0.073 0.073 0.013 0.079 0.080 0.043
15 0.072 0.071 0.011 0.080 0.080 0.044
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3. The effect of polythene containers on the storage of BHC miscible oil
dilutions.

Following the analyses of several dipwash samples from experimen-
tal dipping tanks it was observed in several instances that abnormal
losses of BHC had occurred. These losses appeared to be associated
with the samples contained in polythene bottles. In order to establish
whether this association existed, clean and fouled dilutions of BHC
miscible oils were stored in pyrex, soda glass and polythene containers.
The fouled dilutions were stabilised with 0.16 per cent As,O4. Aliquots
were analysed at intervals. The results are recorded in Table 2.

It is evident from these results that no losses of BHC took place
when the samples were contained in pyrex or soda glass bottles and
that polythene containers are not suitable for holding BHC dilutions.
Over a period of 15 weeks in polythene bottles losses of 84 per cent
of the BHC can be expected. The losses of BHC from the fouled
dipwash, which contained As,Oj, were not as high as those from the
clean dipwash sample.

In order to simulate the shaking which dipwash samples are
subjected to in transit from dipping tanks to the laboratory for analysis,
and determine whether this accelerated the loss of BHC from dilu-
tions contained in a polythene bottle, clean dilutions of BHC were
shaken mechanically in pyrex, soda glass and polythene bottles.
Aliquots were analysed at intervals over a period of 23 hours. These
results are recorded in Table 3.

TABLE 3.

THE EFFECT OF SHAKING ON THE CONCENTRATION ofF BHC 1n
DIPWASHES CONTAINED IN POLYTHENE BOTTLES

Samples shaken Pyrex Soda Polythene
in glass
Duration of shaking BHC BHC BHC

(hours) % % %
0 0.072 0.072 0.072
2% 0.072 0.072 0.069
7 0.072 0.072 0.060

104 0.072 0.072 0.050

15 0.072 0.072 0.039

183 0.072 0.072 0.032

23 0.072 0.072 0.022

It is shown that within 23 hours, 70 per cent loss of BHC has
occurred. Without shaking this loss was obtained only after 5 weeks’
storage (Table 2).

A materials balance established that most of the BHC unaccounted
for could be recovered from the polythene, in which it was absorbed,
by extraction of the plastic with xylene. A small proportion of BHC
unrecovered had, in all probability, penetrated to the outside of the
container, where it was lost by volatilisation.
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Summary AND CONCLUSIONS

Bacterial decomposition, initiated in dipping tanks, is a factor to be
considered when dipwash samples containing BHC are in transit for
analyses. It is essential that these samples reach the laboratory as soon
as possible following sampling, in order that the analytical results
reflect the actual concentration of BHC in the tank at the time of
sampling. As,Oj; (0.16 per cent) when added to dipwash samples
inhibits bacterial decomposition effectively. Such a material could be
added with advantage to samples when delays in analyses are anticipated.

Polythene plastic absorbs BHC when dilutions of this active
ingredient are contained in polythene bottles. It is recommended that
this type of container should not be used to hold dipwash samples or
other dilutions containing BHC.
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THE EXCRETION AND STABILITY OF ISONIAZID IN COW'’S
MILK.

H. H. Kleeberg** J. J. Gericke* H. Weyland *.

A. THE EXCRETION OF ISONIAZID IN COW’S MILK

INTRODUCTION

In an endeavour to find a more economical method of combating
bovine tuberculosis than the slaughter policy, field trials on eight
tuberculosis infected herds were conducted, using isoniazid as chemo-
therapeutic agent.” It became apparent that, under optimum condi-
tions, chemotherapy could reverse the infectiousness of most tuber-
culous cattle within three months, and in many instances much sooner.
The antituberculous effect of isoniazid is so great, that its use is indi-
cated in every case in which the immediate slaughter of the tuberculous
animal is not feasible because of economical reasons.®.

The daily therapeutic and prophylactic treatment of hundreds or
thousands of cows with isoniazid may lead to the contamination of
milk by the drug. Contamination of milk for human consumption
with any drug is prohibited.

Isoniazid treatment of cows has no direct influence on milk
production or on the taste of the milk. During the field experiments,
herds with more than 100 cows in milk received isoniazid at dosages of
10 mg./Kg. body weight for periods of eight to nine months and the
milk was delivered to the consumer either as pasteurised milk or fresh
milk. There were no complaints by the consumers. It is possille,
however, that certain breakdown products of isoniazid can cause
tainting of milk, probably depending on the diet of the cattle. Hobbs?
reported that after prolonged treatment of a dairy herd numerous
complaints from milk consumers had been received; namely, that the
milk had a bitter flavour and, when heated, gave off a most offensive
odour. The complaints immediately ceased when the cows were taken
off their daily isoniazid. The cows were fed with silage and byproducts
of the cane sugar industry.

The absorption of isoniazid, the distribution in the body and its
excretion in urine have been studied intensively on humans and
experimental animals. The drug can be detected in the blood by avail-
able methods, and can be found in the pleural and the cerebrospinal
fluid within three hours after administration. Within the same period
it is widely distributed throughout the tissues.

* Section Biochemistry. Onderstepoort.
** Section Bacteriology, Onderstepoort.
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Camurri? dosed patients with 3.2 mg. isoniazid /kilo and found
that it passed into the milk of lactating mothers within a few hours.
The concentrations were one half to one quarter lower than those
detected in the blood at the time. Renovanz and Schattmann!® deter-
mined the presence of the drug in the milk of guinea-pigs after iso-
niazid treatment as well as in the blood of the suckling. Lass and
Biinger'® reported on the excretion of isoniazid in human milk after
dosages of 200 mg. per os. In the samples taken two hours after drug
administration they found an average of 2 mcg/ml., and in samples
taken seven hours after administration 0.5 mcg/ml. was present, which
was 40 per cent to 60 per cent of the bloodlevels of the patients.
These pediatricians concluded that an amount of 0.2 mg. per 100 ml.
milk was not sufficient to have any effect on the baby. Bromberg et al?
administered 200 mg. isoniazid orally to 5 nursing mothers and deter-
mined an average of 0.38 mg/100 ml. milk during the period one to
three hours after administration. The latter two teams of workers
used the method described by Kelly and Poet®. Kleeberg and Wey-
land?? studied the serum levels of cattle after oral administration of 10
and 20 mg/Kg. isoniazid and found relatively high and persistent
concentrations. A variety of chemical procedures have been described
and found useful in determining concentrations of isoniazid in biologi-

cal fluids.

The present investigations were conducted to determine not only
the rate of excretion in milk but also the amounts of isoniazid per pint
of milk when it is actually consumed.

MATERIAL AND METHOD

Six young Friesland cows, free of mastitis and other diseases,
were selected. They were stabled separately, fed on green lucerne and
hay and milked only once daily in the morning because they all had a
rather poor milk production (% to 1 gallon per day). Five of them were
weighed and were given a watery solution of pure crystalline isoniazid,
per os, at the rate of 10 mg./Kg. body weight. The sixth cow was not
dosed and served as a control. Within 15 minutes after milking a
100 ml. sample of each cow was delivered at the laboratory, The
dosing was so arranged that milking could always be done in the
morning. For practical reasons only the values for samples taken 4, 12,
17 and 24 hours after drug administration were determined, since the
tuberculous herds were dosed only once daily during milking time.

The chemical methods described by Deeb et al.3, Hunter®, Scardi'4,
Short!® and Wagner et al.1® were tested for their suitability in determin-
ing isonjazid in milk. None of them could be employed because either
the deproteinisation was incomplete or the method was not sufficiently
sensitive. Finally a combination of the methods of Short and that of
Wagner et al. was employed with success. It is as follows:

Milk known to be free of isoniazid was used for the standard
solution. 0, 0.2, 0.4, 0.6, 0.8 and 1.0 microgrammes isoniazid per ml.
milk were added. Both the standard and the samples to be assayed
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underwent the same procedure: The following solutions were consecu-
tively run into a series of 50 ml. test tubes:

15ml. milk;

5 ml. of a saturated Ba(OH), solution, well mixed and left for 5

minutes,

5 ml. 9 per cent ZnSQO, solution, well mixed and left for 10 minutes.

The mixture was then centrifuged for 5 minutes at 2,500 r.p.m.
and filtered through S & S Blue Ribbon filter paper into clean dry
test tubes. To 10 ml. of the filtrate were added 2 ml. of a 0.1 per cent
sodium 1:2 naphtho-quinone-4-sulphonate solution and the mixture
left in the dark for one hour to allow the colour to develop. The
transmission was read at a wavelength of 450 millimicron. The results
were obtained with a Lumetron colorimeter, model No. 420-E, using
filter B420 and reduction plate 6.

For each determination of isoniazid a separate standard series was
used, prepared from the milk of the untreated cow.

Figure 1 shows a typical standard curve.
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REesutiTs.

The results of the milk level assays are given in Table 1.

TABLE 1.

EXCRETION OF ISONIAZID IN MILK FOLLOWING AN
ORAL DOSE OF 10 mg./Kilo. Bopy WEIGHT.

Time after
administration
Dose of |
Cow isoniazid 4 hours 12 hours 17 hours 24 hours
in gms. mcg./ml. mcg./ml. mcg./ml. mcg./ml.
1 3. 0.407 0.337 0.217 0
A 3.9 0.271 0.120 0.160 0
3 4.1 0.283 0.133 0.137 0
4 4.1 0.203 0.153 0.074 0
5 3.9 0.210 0.213 0.107 0
o Average 0.276 0.191 0.139 0
Discussion

It was established that the levels of isoniazid in milk, as a function
of time following an oral dose, vary significantly among the individual
animals. It can be assumed that the differences in milk concentrations
are largely the result of variations in rate of acetylation by the liver.

An important finding was that the average level of isoniazid in the
milk was much lower than the average level in the serum. For example,
the serum concentration four hours after dosing was 1.4 microgrammes,/
ml.??, compared to the concentration in milk of 0.3 microgrammes/ml.

An even lower isoniazid level can be expected in cows with a
normal, i.e. higher, milk production than the cows in this experiment.
Only the isoniazid concentration in the milk secreted 12 hours after
administration is of practical significance, as that is about the interval
between the two milkings in a dairy. One pint of this milk will contain
0.1 mg. isoniazid on an average, provided all cows have been dosed
at the rate of 10 mg/kilo. But this will seldom be the case, as a tuber-
culosis infection rate of 100 per cent in a herd is rare. The milk yielded
24 hours after administration was free of the drug.

It can be concluded that calves receiving milk from a treated dam
over prolonged periods will not be influenced by the small amounts of
isoniazid in the milk. A calf drinking a half gallon twice a day, which is
almost the maximum, will have an intake of 0.5 mg. isoniazid, which is
but a thousandth of the therapeutically effective dose. Likewise, any
prophylactic effect is very unlikely. The emergence of an isoniazid-
resistant strain in a calf already infected with tuberculosis is nearly
impossible, since an adequate blood level of the drug is essential for its
development. The same considerations apply to humans, drinking
fresh milk from treated cows. However, one should discourage the
consumption of such milk, especially for children, mainly to protect
them from infection with bovine tubercle bacilli.
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B. THE STABILITY OF THE DRUG IN MILK

For practical and scientific reasons it was interesting to investigate
the effect of common procedures of handling and treating milk on the
isoniazid levels contained therein. Certain procedures, like pasteurisa-
tion and road transport, could only be imitated in the laboratory.
Two different concentrations were chosen. The 0.33 mcg./ml. level
was to represent the high milk level of a particular cow (No. 1) 12
hours after dosing; the 1 mcg./ml. value was investigated in order to
have a better follow-up study of the inactivation of the drug.

TABLE 2.

STABILITY OF ISONIAZID IN MILK UNDERGOING
HEATING PROCESSES.

Quantity isoniazid determined
Quantity after procedure.
isoniazid Procedure.
added per mlL Mcg. per ml. | % of original
milk. amount
(a) 1 mcg Holding pasteurisation 143°F for 0.2 20
() 0.3 mcg for 30 minutes. 0 0
(a) 1 mcg Short time high temper. 160°F 0.9 90
() 0.3 mcg for 20 seconds. 0.3 100
(a) 1 mcg Short boiling followed by cool- 0.4 40
(b) 0.3 mcg ing. 0 0

The figures in the 3rd column are the average values of 6 determinations rounded
off.

TABLE 3.

STABILITY OF ISONIAZID IN MILK UNDERGOING
STORAGE OR TRANSPORT.

Quantity in mcg. determined after different

Amount periods.
added per Procedure :

ml. milk. 13 hrs. | 4 hrs. ‘ 10 hrs. | 12 hrs. | 17 hrs.
(@) 1 mcg| Storage in household | 0.8 0.5 0.3 0.1 0
(b) 0.3 mcg refrig=rator, 0.2 0.1 — 0 0

10 min. | 20 min. | 30 min. | 60 min. | 120 min.
(a) ! mcg | Storage at roomtem- — — 0.8 0.6 0.5
() 0.3 mcg perature 0.3 0.3 0.2 0.1 0
71—172°F

(a) 1 mcg| Shaking in imitation — — 0.3 0 0
() 0.3 mcg| of road transport. 0.1 0 0 — —

The figures in the 3rd column are the averages of two to five determinations
rounded off.
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Discussion

The investigation revealed that most of the different procedures
resulted in the disappearance of the free isoniazid when quantities were
added equal to peak milk levels. It must be pointed out that all the
determinations were done in the usual laboratory glassware, whereas in
practice milk is kept and transported in metal containers and pasteurised
in metal tubes. It is also cooled on large metal coolers, first on the
farm and then at the dairy plant. Several metals, however, proved to
act as catalysers in the decomposition of the active free drug to inactive
compounds!’. Pansy and co-workers'? reported a gradual loss of
active isoniazid in stored liquid culture media which appeared related
to the presence of ferric ions and alkaline reaction. One of us (W.)
studied the effect of autoclaving agueous solutions of isoniazid in
acid, neutral and alkaline medium and showed that only in acid solu-
tion most of the free drug survived unchanged. The chemical structure
of isoniazid has open reactive groups which enable various combina-
tions. From the above it is evident that free isoniazid has a much
smaller chance to stand the usual procedures in practice than it does in
experiment. Conjugated isoniazid has no antimicrobial action. In
addition there is the mixture of milk from different farms at the dairy
plant to be considered.

CONCLUSION.

It can be concluded that the amount of isoniazid excreted in cow’s
milk is of no significance for human health or for any measures con-
cerning the eradication of bovine tuberculosis. It must be emphasized,
however, that all milk from tuberculous herds, whether chemothera-
peutically treated or not, should be pasteurised.
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T. S. Afr. vet. med. Ass. XXXII (1) 1961.

A PRELIMINARY COMPARISON BETWEEN TWO METHODS
OF UREA SUPPLEMENTATION OF WINTER FEED FOR BEEF
COWS

R. L. Davidson*! and H. S. Purchase?.

(Received for publication 10th Feb., 1961)

INTRODUCTION

The object of this preliminary trial was to compare the effects of
urea supplementation given in two distinct forms to cattle under
moderately good farming conditions. In the one form the urea was
compounded in blocks, in the other it was sprayed on hay.

MEeTHOD

A feeding trial lasting 125 days was conducted during the winter of
1960, using medium grade Hereford cows, divided into three groups,
namely, two experimental groups and one control group. In the
beginning each group consisted of 13 cows, of which 7 or 8 in each
group were suckling calves. During the experiments three cows calved
late and the groups were then reduced evenly to eliminate the late
calvers. Before setting up the three experimental groups, every animal
was weighed and they were distributed at random in the three groups, .
according to their weight, through tripling animals of similar weight
and condition.

Rations and Method of Feeding.

All three groups received approximately 20 lbs. of hay and 2C Ibs.
of babala silage per head per day. The latter was later replaced with
maize silage. Water was always available in the paddocks, which
consisted of about half an acre of short Eragrostis grassland.

The differential treatments were then as follows:—

Group 1 The hay fed each day to this group was sprinkled with
78 ozs. of urea dissolved in water with about 2 gallons of
molasses. This provided 6 ozs. of urea per animal
daily. A bone meal and salt lick was also available
throughout the trial.

Group Il In addition to untreated hay and silage, a proprietary
urea phosphate block containing 40 per cent urea, 10
per cent molasses as well as some monosodium phos-
phate (3.8 per cent P) and traces of copper and cobalt
was offered for licking free choice.

*1 C/o Department of Botany, University of Witwatersrand.
* C/o Cooper & Nephews, S.Af. (Pty.) Ltd., P.O. Box 2963, Johannesburg.
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Group 1II This was the control group which received only un-
treated hay and silage. Bone meal and salt were provided
as a lick throughout the course of the trial.

The animals kept fit until September, when, during the hot, wet
weather a heavy worm burden developed.

Weighing.

All animals were weighed on three consecutive days at the begin-
ning and end of the trial. The average of these three weighings was
accepted as the weights of the animals at the beginning and end of the
trial. During the trial the animals were weighed twice in July and
August on two consecutive days, the average of the two consecutive
daily weighings being recorded. Unfortunately, it was not possible
to carry out weighings on two consecutive days during September due
to rain; hence, no September data are provided.

GRAPH [: TOTAL WEIGHT CHANGES—ALL ANIMALS.
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RESULTS AND DEDUCTIONS

Weight Changes

The method used in presenting the results is that of treating only
the loss or gain in weight of the animals above or below their weights at
the beginning of this trial.

Graph I illustrates the net changes in the total weights of the three
groups, including the three late calvers, one of which was in Group III
and two in Group II. It will be seen that, at the end of the experiment,
Group | had gained a total of over 100 lbs., while Group Il had lost a
little less than 100 lbs. On the other hand, Group III had lost more
than 400 lbs. liveweight.

After removing two cows from each group, there is no significant
change in the relative weight differences of the three groups.

June July August  September  October
Total
Weight lbs. Ibs. Ibs. lbs.
GroupI. .. 10,8951bs. Loss 133 Gain 258 — Gain 104
Group II. .. 10,489 1bs. Loss 22 Gain 218 — Loss 41
Group III.. . 10,356 Ibs. Loss 81 Loss 143 — Loss 238

It is very interesting to study the response of not only the three
groups as a whole but also of the dry cows, nursing cows and the
calves in these groups separatelv.

Grara II: DRY COWS—AVERAGE WEIGHT DIFFERENCES.
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Graph II represents the weight changes of the dry cows in the three
groups. It will be seen that there was no significant change during the
experimental period in the weight of Group III (Controls), confirming
that the nutritional status was sufficient for maintenance.

87



If now we consider the calves, it will be seen in Graph III that there
is no noteworthy difference between the three groups. However, when
studying the data of the dams of these calves, it is evident that the
cows in Group III have vicariously sacrificed themselves to ensure that

their offspring shall thrive.

Urea Consumption and Benefit therefrom

Now let us consider the amount of urea consumed by Groups I
and II. Group I received 6 ozs. a day and is better than the control
by 524 1bs.

GrarH [II: DAMS AND CALVES.
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Animals in Group II during the first week were taking 3.8 ozs. of
urea per cow per day and during the second week this fell to 1.7 ozs.
The fall continued until finally this group was only consuming 0.7 ozs.
per day. The average intake of Group II over the whole period was
1 oz. of urea per cow per day. For this intake of urea Group II is
petter than the control by 329 lbs. and Group I on 6 ozs. of urea per
cow per day was better than the controls by 524 lbs.

This can be expressed in another way. The response per 100 lbs.
of urea in Group II is 392 lbs. and only 87 lbs. in Group I. There are
two possible explanations for this result. It may be due to either the
better utilisation of the urea resulting from the trace minerals in the
urea/phosphate block or to a diminishing response with higher intake
of urea in Group L.

Although those animals offered the urea/phosphate blocks were
also being fed silage and hay, nevertheless they took readily to this
method of urea supplementation at the beginning, but later the intake
fell. A possible explanation is that the salt/phosphate hunger had been
satisfied early in the trial and thereafter there was insufficient induce-
ment to continue taking more of the block. These trials also indicate
the benefits of offering bovines, under the conditions described, a
urea/phosphate block because the labour entailed by this method of
urea/phosphate supplementation is much less than by spraying the
dissolved urea on to the hay daily.

ACKNOWLEDGEMENT
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1. S. Afr. vet. med. Ass. XXXII (1) 1961.

THE EFFECT OF TRACE ELEMENTS IN CALVES RECEIVING
STERILIZED HAY.

J. H. Kellerman and H. Prinsloo. *

(Received for publication 7th Feb., 1961)

INTRODUCTION

The bulk of the feed fed to the animals in experiments at Onderste-
poort has to be bought and the source of the feed is usually not known.
There may be deficiencies in the soil from which these feeds are derived
which would affect their quality and mineral content.

If young animals are maintained on forage from the low or border-
line areas *®, under conditions of zero grazing and restricted motion,
the feeding of extra trace elements may be called for. As a matter of
fact, the existing stock at this Institute is kept under such conditions
and a large number of cattle are even continuously housed on concrete
floors and fed sterilized hay from which essential food elements may
have been leached out in the sterilization process. Consequently,
with the view to ascertain whether trace element supplementation
would be of any benefit to calves, some of the conditions prevailing at
this Institute were simulated as nearly as possible in this experiment.

EXPERIMENTAL.

Sixteen three to five-day-old dam-nursed calves (mainly Grade
Frieslands) were divided into two comparable groups with four males
and four females in each group. A well ventilated asbestos building
provided with a ceiling, sheltered the animals in individual stalls
measuring 7 ft. by 3} ft., each with a built-in hay rack and feed manger.
Each day, excluding Sundays, the two groups were driven out into
separate concrete-floored camps measuring 36 ft. by 18 ft., where the
animals were exposed to the elements of nature from 8 a.m. to 11 a.m.,,
with free access to water but not to feed.

Each calf received a maximum of eight pints of whole milk per
day, half of which was given in the morning and the remainder in the
afternoon. From the seventh day a calf starter and chopped sterilized
lucerne hay were supplied ad libitum. Feed intake was recorded indivi-
dually. On Sundays, and from 3 p.m. during the rest of the week,
water was offered to appetite in the stalls.

At six months of age the calves were weaned and the males cas-
trated. Furthermore, the animals were simultaneously weighed and
bled at monthly intervals over a period of 300 days. The blood was
analysed for haemoglobin, non-protein nitrogen, sugar, calcium and
inorganic phosphorus. The haemoglobin was determined according to

* Section Biochemistry, Onderstepoort.
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the method of Sanford et al.%, the sugar and non-protein nitrogen
according to the Folin-Wu system of blood analysis as modified by
Graf! whereas the method of Malan and van der Lingen? was used for
the determination of calcium and inorganic phosphorus.

The hay and starter meals were analysed for their protein (Kjel-
dahl), calcium and phosphorus (Malan and van der Lingen) as well as
certain trace element contents. For the determination of the latter,
existing methods were modified in order to comply with the routine
procedures used in this laboratory. The essential reagents applied in
these determinations were sodium diethyl-dithiocarbamate for copper,
nitroso-R-salt for cobalt and periodic acid for manganese.

REsuLTs.

Except for the mineral mixture, the composition of the calf
starter meals fed to the control and experimental groups was the same
(Takle I). The mineral mixture used in the control ration consisted of
67 Ib. of bonemeal and 33 1b. of salt whereas the composition of the
mixture used in the experimental ration is shown in Table II.

TABLE L
CALF STARTER MEAL.
Yellow maize meal. . .. ... i e 28 per cent..
Kaffircorn meal. ... ... o it i R 20 ,,
Crushed 0atS . .. vt itr ittt e ettt e e 15 ,, .
Groundnut cakemeal. . ... .. i e e 32, .
Skimmed milk powder ...... ... .. e 1, .,
Food yeast . ..ottt i e e 1, .
Mineral MIXtUTE ..ottt e e e e e 3, "
100
TABLE 1L
TRACE ELEMENT MINERAL MIXTURE

Bonemeal ... ... e e e e 66 1b. 10 oz.
Al v it e e e e 33,
MnSOL o H O o e e 112 g. (4 oz.)
Cu SO H O i e e e 56 g. (2oz.)
C0 SOLTHIO .+ v e ve e 5 g

KL e e e e e e et e 2 g

In Table III are presented the amounts of protein and some
mineral elements in the sterilized hay and calf starter meals fed to the
control and experimental groups. These data seem to be in accord with
the normal requirements of calves. It will be seen that the hay con-
tained 0.15 p.p.m. of cobalt and 6.2 p.p.m. of copper, whereas the calf
starter with the unsupplemented mineral mixture contained 0.29
p.p.m. and 7.5 p.p.m. of cobalt and copper respectively. Thus, con-
sidering the fact that 0.1 p.p.m. of cobalt and 7.5 p.p.m. of copper in the
dry matter are regarded as optimum for cattle,? one is therefore justi-
fied, theoretically, to expect as good a performance from the control
calves as from those whose ration has been supplemented with the
abovementioned trace elements.
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TABLE IIL

RELEVANT COMPOSITION OF THE HAY AND CALF STARTER MEALS.
(ON DRY MATTER BASIS).

Feeds Crude |Calcium | Phos- | Copper | Cobalt [Manga-
Protein phorus nese
% % % p.p-m. | p.p.m. | p.p.m.
Calf Starter (control) 28.4 0.54 0.53 7.5 0.29 33
Calfstarter (experimental)| 29.2 0.54 0.53 14.0 0.69 47
Sterilized hay (Average of| 19.69 1.02 0.18 6.2 0.15 50
8 samples).

This supposition has been fully borne out by the results given in
Tables IV and V as their perusal will disclose no diflerences in the
growth, efficiency of food utilization or blood picture of the two groups
of calves.

TABLE IV.

CORRELATION BETWEEN GROWTH AND FEED CONSUMPTION OF CALVES
OVER A PERIOD OF 300 pavs.

Control Experimental

Group. Group.
Growth
Initial weight (Ib.) ........... ... ... .. ... ...... 83.5 82
Final weight ,, ...... ... ... . ... o . 665 612
Total gain 1t et 582 530
Daily gain e e e 1.94 1.77
Feed Consumption
Milk (dry basislb.) ......... .. .. o 220.8 2114
SEATEET 5y 4y 5yttt e 1644 1521
Autoclaved hay (dry basisIb.) .................... 641.6 566.3
Total feed " By ar e 2506.4 2299.1
Feed efficiency (Ib. feed/lb. gain) .................. 4.34 4.41

TABLE V.

TRACE ELEMENT FEEDING IN RELATION TO SOME BLOOD CONSTITUENTS.
(AVERAGES FOR NINE MONTHLY BLEEDINGS.)

Group Haemo- | Non-Protein Sugar Calcium Inorganic
globin Nitrogen. Phosphorus
g % mg. % mg. % mg. % mg. %
Control .. 10.5 27.9 78.4 8.9 7.1
E)lcperimen- 0.3 279 76.8 9.0 7.1
ta

Summary anD CoNCLUSION.

1. Data pertaining to growth, feed utilization and bloed composi-
tion are given for calves fed for 300 days on a sterilized hay and
meal mixture with and without the addition of four essential
trace elements.
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2. In no respect do the results obtained with the control animals
differ from those of the experimental group.

3. For normal growth, calves, and probably all waxing ruminants
at Onderstepoort, continuously housed on concrete floors and
regularly fed lucerne hay and a concentrate ration equal to
that used in this experiment, would not need a trace element
supplement in their ration.
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1. S. Afr. vet. med. Ass. XXXII (1) 1961.

A NOTE ON THE EFFECT OF VITAMIN B,, ON THE HAEMATO-
LOGICAL PICTURE OF THE RACE HORSE

L. A. Simpson.*

((Received for publication 8 March, 1961)

Over the past three years I have been interested in the correlation
between the fitness of the race horse and its haematological picture.
During this period I have taken blood samples from 169 race horses
from the fittest to the unfit in various stages of training and also at
different altitudes. At this stage I am unable to go into the subject too
deeply through lack of data, but hope to produce a paper in the near
future in fuller detail. The following report is merely a practical
example emphasizing the importance of the blood picture in the race
horse.

In November, 1959, I was approached by a race horse owner
and trainer in Durban (sea level) who was sending up a three year old
colt for one of our premier races on the Rand (altitude 6,000 feet).
As we all know, there has always been the bugbear of the ‘“‘altitude
bogey’’ in all spheres of sport and it was this factor that worried him,
The usual practice is to send up a horse two or three months before a
race, in which time it would acclimatize itself. In this particular instance,
however, there was not sufficient time, so he wondered if something
could be done before the horse left the coast. At this period, I had
little experience of the effect of Vitamin B ;, on the red cell count, but
suggested a course of Vitamin B ;. injections and iron supplement in

the feed

A blood sample was taken on the 18th November, 1959, and the
first injection given on the 19th November. On the 21st November
the colt won a Third Division race in Durban, with a weight of 8.13
over 9 furlongs. Treatment continued and the colt was taken by horse
trailer on Monday, 7th December, staying over at Mooi River and
arriving in Johannesburg on the 8th. On the 10th December, the horse
was given a final sprint over 4 furlongs at Newmarket and that after-
noon another blood sample was taken and sent by air to Durban for
analysis.

The race was run at Turffontein on the 12th December (the
following day) over a mile and the colt carried 7.0. He duly won in
the record time of 1 min. 40.68 sec. These performances must be
compared to the findings set out in the following table:—

* “‘Sonning', 355 Innes Road, DURBAN.
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"BLOOD TESTS.

Vit. By Date of Haematocrit % Hb Red Cell
Administered Test. (or Packed Cell | (Gm%, Count
Volume) (million/
cmm)
19th November 18th Nov. 49 18.0 10.8
22nd November 23rd Nov. 51 18.8 11.1
24th November 26 th Nov. 52 18.9 11.9
28th November
4th December 3rd Dec. 59 19.4 13.7
7th December
10 th December 10 Dec. 61 21.3 14.1

The average figures which I have obtained from race horses in
various degrees of training are:—

Haemat. Hb

% gm %)
Johannesburg ............ 47.7 17.3
Durban. . ................ 43.8 154

Since then I have treated 3 horses travelling to the same high
altitude with similar results.

ACKNOWLEDGEMENT.

I wish to express my thanks to Dr. G. Drummond for undertaking the blood
analyses.
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THE USE OF TRIFLUPROMAZINE: CASE REPORTS

R. R. van der Veen*.
(Received for publication 22 March, 1961)

Triflupromazine (‘‘Siquil” — Squibb) is 10- (3- dimethyl-
aminopropvl)-(2-trifluormethvl)  phenothiazine hydrochloride, and
is classified as a ‘“‘behaviour modifier”. In the author’s experience
this is correct, as it causes tranquillisation without narcosis with
correct dosage. The drug is issued in lc.c. ampules, each containing
20 mgm. of the active ingredient.

Some case histories entailing the use of the drug are described.

No. 1. Doc:BuLL TErriER. Weight -~ 25 Ibs.

Emaciated and extremely vicious and uncontrollable., Given
20 mgm. subcutaneously; within 30 minutes the animal was comatose
and exhibited hypothermia and depression of heart and respiration
rates. Uneventful and full recovery after 5 hours. Owing to inex-
perience with the drug this was an overdose.

No. 2. Doc; Fox Terrier. Weight 4= 20 lbs.

Presented for amputation of the tail. Given 0.4cc. Triflupro-
mazine subcutaneously followed by local anaesthesia. Animal stood
quietly throughout the operation.

No. 3. Dos; Fox Terrier. Weight + 20 lbs.

Animal showed severe post anaesthetic excitability.  Given
0.4cc. Triflupromazine subcutaneously. Within 5 minutes excitment
passed off and animal recovered quietly.

No. 4. Birch, rRiDGEBACK. Weight -+ 35 lbs.

Presented for spaying. Given 0.5cc. Triflupromazine followed
10 minutes later by 6.5cc. ‘‘Sagatal” intravenously. Anaesthesia
perfect without excitement during induction or recovery.

No. 5. Brren, Boxer.  Weight 35 lbs.

Presented for removal of fish hook in lower lip. Given 0.5cc.
Triflupromazine subcutaneously; 10 minutes later the hook was
removed without resentment,

No. 6. Brrch; ALsATIAN. Weight + 45 Ibs.

Excitable after whelping and refused to suckle litter, Given
0.7cc. Triflupromazine subcutaneously without effect.

No. 7. Herrer; FriesLann,  Weight 4+ 180 lbs.

Presented for fractured tibia. Given 40 mg. Triflupromazine
intravenously. Animal went down and fracture set with little manifes-
tation of pain. Animal rose after about two hours.

* 40 Burger Ave., Lyttelton, Tvl.
97



CONCLUSION.

The drug appesrs to have a definite place in veterinary practice.
The dose of 0.4 to 0.7 mgm. per Kilogram live weight is appreciably
less than for chlorpromazine and the effects appear to be more pre-
dictable. The safety margin is wide.

The use of Triflupromazine for preanaesthetic medication in
dogs has been adopted as a routine measure. There is no appreciable
reduction in dose of anaesthetic required but induction and recovery
are extremely smooth and satisfactory.

ACKNOWLEDGEMENT.

Thanks are due to the firm of Squibb & Sons for supplies of the drug for clinical
trials.
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Recently Published

Veterinary Medicine

By D. C. BLoop, B.V.Sc., Professor, Department of Medicine and Surgery,
Ontario Veterinary College, and J. A. HENDERSON, M.S., D.V.M., Professor
and Head of Department of Medicine and Surgery, Ontario Veterinary College.

This is a new major textbook written primarily for veterinary students but which will also be
of value to practising veterinary surgeons. It is a comprehensive work covering fully the diseases

of farm amimals; but excluding small animal and poultry medicine.

The book is arranged in two sections of approximately equal size: the first on General Medi-
cine, deals with the general principles of diseases as they affect individual organs and systems,
and the second, on Special Medicine, discusses specific diseases and conditions.

1012 pp. 13 Tables.

Price 84s. Postage 2s. 6d.

Diseases of
Swine

By H. W. Dunng, D.V.M,, M.D,,
Professor of Veterinary Science in
charge of Veterinary Research, Penn-
sylvania State University.

A professional one-volume encyclopedia of
swine disease written by 48 leaders in their
fields, with its clinical and scientific approach
broadened by an advisory committee of
veterinary educators and scientists. A complete,
accurate, up-to-date reference packed with
vital material for both practitioner and student.

It features striking photomicrographs and
illustrations of diseased animals as diagnostic
aids, The use of latest drugs is described and
dosage ranges are recommended. The emphasis
throughout is on the preventive aspect of all
the diseases affecting swine, and suggestions are
made for replacing breeding stock with disease-
free animals. Complete sections on surgery,
and nutrition, feeds and management are also
included.

716 pp.
Price 100s.

256 illustrations.
Postage 2s 9d.

Reproduction
in the Dog

By A. E. Harror, M.R.C.V.S,
Senior Lecturer, Department of
Animal Husbandry, Royal Veterinary
College.

With five contributors.

A new, authoritative and practial book on
canine reproduction for veterinary practitioners
research workers and dog breeders. Hitherto,
there has existed in the English language no
comprehensive book on the subject, and the
available literature has been both sparse and
scattered. Here for the first time, in language
that is clear, intelligible and not too technical,
is a book covering all the essential ground with
business-like brevity. The book deals with
anatomy and physiology of reproduction and
the histology of the reproductive organs, mating,
including artificial insemination—a subject in
which Mr, Harrop has done a great deal of
pioneer work—pregnancy, normal and abnor-
mal labour, canine paediatrics, the effect of
nutrition on reproduction, infertility in the
bitch and the dog.

215 pp. 4 Tables
Price 30s.

94 illustrations.
Postage 2s 9d.

All prices quoted are published prices in Great Britain.

BAILLIERE, TINDALL and COX
7 and 8 HENRIETTA STREET, LONDON, W.C.2
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A NEW PRODUCT
from

SQuiss

GARGON

THE MOST SIGNIFICANT ADVANCE IN ANTI-MASTITIS
THERAPY IN MANY YEARS

GARGON—

[0 controls all types of bacterial mastitis . . . both chronic and acute.

O controls mastitis by penetrating the mastitis “resistance barrier” . .
Gargon attacks bacteria which have become resistant to other antibiotics.

[0 controls mastitis with lower dosage levels . . . smaller amounts of the
antibiotics in Gargon provide fast, more dependable therapy.

[0 controls mastitis with a broader spectrum than any single anti-mastitis

antibiotic now available . . . broader than the triple sulias, penicillin,

streptomycin or neomycin.

controls mastitis safely . . . Gargon cannot harm the most delicate udder

tissue and avoids the hazard of sensitization reactions to penicillin.
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Triple Sulfas
Penicillin
Streptomycin
Neomyc¢in
Brand A sicap ssicreum anmstoric
Brand B sroap setcraum antimioric

J PSEUOOMONAS

Brand € oso sscraum antmionic

GARGON

GARGON IS THE ONLY ANTI-MASTITIS PRODUCT WHICH IS EFFECTIVE
AGAINST ALL 9 TYPES OF MASTITIS-CAUSING BACTERIA.

Supply: l-dose collapsible tubes containing

m 50,000 units Thiostrepton plus 150 mg.
of Neomycin.
3P | SQUIBB LABORATORIES (Pty.). Ltd..
. . P.O. Box 48. Tel.: 975-4614,
Squibb-Mathieson Tel. Add.: “ERSQUIBB."

VETERINARY PRODUCTS ELECTRON AVENUE, ISANDO, TRANSVAAL.
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NEW PRODUCTS

This section of the Journal was instituted for the convenience of
practitioners and in co-operation with the various drug houses or
their representatives and with suppliers of veterinary instruments and

appliances.

The information has been compiled from press releases by the
firms concerned and does not imply approval or recommendation by
the Council of the S.A.V.M.A.

GARGON: SQUIBB LABORATORIES (PTY) LTD.

Composition.—Neomycin and Thiostrepton, the new Squibb
antibiotic to penetrate the mastitis ‘‘resistance barrier”’, incorporated
in ‘“‘Plastibase” (Plasticized Hydrocarbon Gel).

Indications.—Gargon is recommended for treatment of acute or
chronic mastitis in cows and milch goats. Since neomycin is effective
against mastitis due to streptococcic, staphylococcic, coliform and
pseudomonas organisms and Thiostrepton is highly active against
Gram positive cocci, Gargon is particularly useful in mastitis caused by
a combination of these bacteria, as well as in routine treatment when
the cause of mastitis has not been determined definitely by bacteriologic
examination of milk from infected quarters, or in mastitis not respond-
ing to other antibiotics.

Package.—Gargon is supplied in collapsible tubes each with an
elongated cannula of small diameter which slides easily into the smal-
lest teat opening. Each tube supplies one dose and contains 150 mg,
Neomycin and 50,000 units of Thiostrepton.

Directions for use.—The usual procedure for udder instillation is
followed. In acute mastitis apply one to six instillations and in chronic
cases one to three instillations or until the milk becomes normsl and
signs of infection disappear. If the full dose of one tube per quarter
cannot be administered, the amount instilled can be varied to suit the
individual case. No case of mastitis, acute or chronic, can be considered
cured unless bacteriologic examination of milk from infected quarters
does not show any of the causative organisms approximately three
weeks after the treatment has ended.
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WILD OF SOUTH AFRICA (PTY) LTD.
UNIQUE DRAWING ATTACHMENT FOR WILD
MICROSCOPES.

For those wishing to make drawings under the microscope, the
Wild Drawing Attachment offers distinct adventages not previously
realized in the Camera lucida or projection-mirror type of apparatus.

This new attachment permits normal viewing through the mono-
cular or binocular tube, an image of pencil and paper being super-
imposed on the image of the specimen in the real image plane.

The illumination is quickly and easily balanced and there is
provision to adjust the drawing scale with relation to the microscope
magnification.

NEW DESIGN MICROTOME KNIFE SHARPENER:

This new, compact knife sharpener, manufactured by American
Optical Co., makers of the well known Spencer 820 Rotary Microtome
employs a completely new system to sharpen microtome knives.

In addition to a sweeping motion over the hone, which is imparted
to the knife mechanically (including an automatic ‘‘flip-over’), ultra-
sonic vibrations of the hone ensure a very finely finished cutting edge
to the knife—automatically. The instrument is of modern, plessing
design and occupies a minimum of bench space.

Both the above mentioned outfits are obtainable from Wild of
South Africa (Pty) Ltd. P.O. Box 3954 Johannesburg.
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SWIFT
POSITIVE
PROTECTION
AND
TREATMENT
OF

AFTER-BIRTH

INFECTIONS
WITH
EFFERVESCENT

hibitane

PESSARIES

— an LCJ. guaranteed
stock remedy. WORKS

WITH MAXIMUM SPEED
AND SAFETY.

IMPERIAL CHEMICAL
INDUSTRIES LIMITED
(PHARMACEUTICALS
DIVISION)

Distributed by

I.C.l. SOUTH AFRICA (PHARMACEUTICALS) LIMITED

P.O. Box 948, Durban; P.O. Box 1519, Cape Town; P.O.
P.O. Box 273, Port Elizabeth.

Box 11270, Johannesburg;



GURR’S “SICO” NEEDLES

This needle
finished,  first - quality
product and is confidently
recommended asa general
purpose needle.

Blades of drawn stainless
steel tube. Medium bevel, ADEQUATE STOCKS ALWAYS FROL,

Hollow ground on speci- G”HR SURGIGM |NSIH”MENIS
ally designed machinesand PT1Y.) L1D.

Hand Honed as a last Harley Chambers, Kruis Street

operation. JOHANNESBURG
.0. Box 1562

E——

Record Mounts
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BOOK REVIEW,

Berce, E. & Westauges, M. (1961) TIERARTZLICHE OPERATIONSLEHRE.

28th ed. 282 Figs pp. XV—399. Verlag Paul Parey, Berlin und Ham-
burg, D. M. 39.60.

The 27th edition of this book was reviewed in this Journal (June
1959). Many chapters have been amended and enlarged and new
chapters have been added. Intramedullary pinning, operations on the
intervertebral discs, treatment of prostate abscesses and teat amputa-
tion in the cow are fully described.

In the latter group tranquillizers, paravertebral anaesthesia,
percutaneous osteosynthesis and the operative treatment of disloca-
tion of the patella and the tearing of the crucial ligaments may be cited.

This book is certainly one of the leading works of its kind today
and has been translated into Spanish and Italian. It is recommended to
every veterinarian who is interested in surgery.

C.F.BH.

WamBerg, K. (1960). Hanprexikon FUR TIERARTZLICHTEN PRAXIS,
Vous. T & 1II.

Numerous illustrations, more than 1,000 pages. Medical Book
Company, Copenhagen. Price not stated.

These two volumes are devoted to the whole field of clinical
practice—surgical, medical and genesiological, as well as diseases of
poultry, and fees. All subjects are arranged alphabetically. As the
volumes are of the loose-leaf type and most subjects are dealt with on
separate pages, it is possible to insert amended pages in the place of
those outdated. The numbering of the pages is arranged so as to accom-
modate new pages, as letters of the alphabet are placed behind the
numeral in case of new insertions. For instance, the pages inserted
after page 804 are numbered 804a, 804b, etc. up to the end of the sub-
ject under discussion. Numerous authors have contributed to these
volumes with the result that they are authoritative, comprehensive and
up-to-date. The style is very compact, almost telegram form. This
novel contribution to veterinary literature is to be welcomed and
should command a great deal of support from veterinarians.

C.F.B.H.
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'*WVERSLAG VAN UITBREKINGS VAN GEPROKLAMEERDE VEE-
SIEKTES.

REPORT OF OUTBREAKS OF NOTIFIABLE STOCK DISEASES

JANUARIE—MaART 1961.
JaNnuary—Marcu 1961.

SIEKTE DisTrik GETAL UITBREKE,
Diseaste DistriCT NoO. OF OUTBREAKS

Bex- N KLOUSEER Barberton T .. ..ol
Foot & MouTtH Disease Potgietersrus T... ...............
Waterberg T............... ... ..

GonDerIOSE/GonDERIOSIS  Umzumkulu K............ ... ..
MriLpe Bees (TzANEEN) Dundee N......................
(BenigN Boving) Nelspruit..........cooiiia..

Carolina T.....................

MtunziniN.... ... .. ... . ...
Bergville N.....................
NongomaN....................

HlabisaN. .....................
Port Shepstone N...............
Umzinto N...........c.0 ...

_—— et B = = N O NN N

Nqgutu N......................
Utrecht Noo. ..o
NkandhlaN....................
Carolina T.....................
Lower UmfoloziN..............
EntonjaneniN..................
Lower Tugela N................
New Hanover N................

Msinga N................... ...
Mapumulo N..................
Tabankulu K...................
Elliotdale K....................

— e i G0 U U B i bt 8 BN

GoNDERIOSE /GONDERIOSIS
KwAADAARDIG BeEs Sibasa T..oovovnvien i,
(Malignant bovine) HlabisaN.......................

—0 Wb

KwaApAArDIG BUFFEL. Mkuze ........... ..o,
(MALIGNANT SYNCERINE)

HoNDSDOLHEID Winburg O.........coovin. ., 1 (Meerkat
RaBiEs Kuruman K.................. 3 (Muskeljaat
kat, Meerkat)
Boshof O. ..ot 2 bees 1 meerkat
Bultfontein O.................. 1 bees.
Sibasa T....................... 1 Hond
Hoopstad O...ooovvevivi oo 1 Meerkat
Kimberley K.................... 1 Meerkat
LetabaT....................... 1 Kat
Schweizer Reneke T............. 3 (ll:ees & Meer-
at)
Fort Beaufort K................. 1 Kat
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SIEKTE DisTrix GeTAL UITBREKE
DiseASE DisTricT NO. OF OUTBREAKS

HOENDERTIFUS Albany Koooooooo oo o
FowL TYPHOID KingWilliams Town K...........
Cradock Koo oo L

—— e —

—_

JOHNE SE SIEKTE Cradock Koo oo oo
Jonnes DiseasE Bedford K....... ......... .. ...

—_

KNOPVELSIEKTE ........ Dundee N............ ... ... ...
LuMpy SKIN DISEASE Kroonstad O.......... ... ...
Hoopstad O.... oo
Port Shepstone N........... .....
Carolina T.....................
Riversdal K. ............. .....
Eshowe N......................
MaricoT ... ... ... .. ...
Pinetown N....................
Johannesburg T............ .. ...
Potchefstroom T................
Metunzini N............. .. .. ...
ErmeloT......................
BarkleyWest K..................
Inanda N......................
Christiana K....................
Schweizer Reneke T.............
Bloemhof O....................
Piet Retiet T............... .. ...
Kimberley K............. ... ...
UmvotiN.............. . ......
Leydenburg T............... ...
Heidelberg T...................
ThabaNchu.............. ... ..
Vryheid ......................

el S R e e L LTy S TUAE Uy NI

MILTSIEKTE MahlabatiniN...................

ANTRHRAX Ventersburg O..................
Amersfoort T..................
Potchefstroom T................
KlerksdorpT...................
Mafeking K. .......... .. ... ..
Stutterheim K. ......... .. .. ...
Utrecht No... ... ...
Lindley O......................
Winburg O....................
Zastron Q... ovi i
Malmesbury K........... .. ...
ErmmeloT......................
Rustenburg T..................
Babanango N............... ....
Boshof O........... ... ... ...
Odendaalsrus O................
Brandfort O................ ....
Delareyville T.................. 1 Ska
TaungsK............. ... ...
Port ShepstoneN................
Bergville N.................. ...
Koppies O.......oovvvii i,
Vryburg Ko.....ooooi oo
Johannesburg T.................
Pretoria T......................

DB B e B (0 e B B 0 O

p

—— e B e

SLAPSIEKTE

Dourine Barkly Wes.................... 1
SKURFTE Middeldrife K. ................. 2 (bok)
Mance UmtataK...................... 1 (Perd)
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TUBERKTULOS? Warmbad Teee oo 1 Hoender

TUBERCULOS: George K. ... ool 2 (Bees)
Potchefstroom T....... ........ 1 (Hoender)
Tulbagh Koo oooo oo 1 (Bees)
Piketberg K. ................... 3 bees
Winburg O...........o Ll 1 Bees
Middelberg K. .. ............... 2 bees
Worcester Kooo oo 1 bees
Bellville Koo oo 1 bees
Malmesbury K............ ..., 1 bees
KlerksdorpT.. .. ... 1 bees
Krugersdorp Teeov oo 1 bees
Dewetsdorp Q... ... ... 1 hoender
Stellenbosch K.................. 1 bees
Durbanville K. ............. ... 1 bees
VrvheidN ... oL 1 bees
Ventersburg T........ ... ... ... 1 bees
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9.05 a.m.

9.10 a.m.

10.00 a.m.
11.00 a.m.
11.45 a.m.
12.30 p.m.

2.00 p.m.

3.30 p.m.

8.00 a.m.
8.30 a.m.

9.15 a.m.

PROGRAMME

MONDAY, SEPTEMBER 251H, 1961

Registration.
Convocation of Meeting.
WELCOME TO GUESTS, DELEGATES AND MEMBERS ATTENDING
CONGRESS BY EIS WORSHIP THE MAYOR OF DURBAN.
OFFICIAL OPENING OF CONGRESS BY His HONOUR THE AD-
MINISTRATOR OF NATAL.
REPLY ON BEHALF OF THE ASSOCIATION BY THE CHAIRMAN,
NATAL BRANCH.
THE PRESIDENTIAL ADDRESS.
“Systemic Mycotic Diseases”...... J. D. Smit.
“A Disease of Calves resembling R. C. Tustin.
Sporadic Bovine Encephalo-mye- John Maré.
Itis™ L. A. van Heerden.
Slide projection: “Foot and Mouth M. C. Lambrechts.
Disease”
Symposium: “THE USE OF MILKING MACHINES”.
(1) “The Management of the Dairy 1. S. McFarlane.
Cow on a Physiological Basis” R. Clark.
(ii) “Mechanical Milking and 1. S. McFarlane.
Types of Milking Plant™
@iii) “The Hygiene and Care of L. W. van den Heever.
Milking Machines™
GROUP MEETINGS.
(i) Public Health Group.
(ii) Animal Production Group.
(iii) Any other Branches desirous of
meeting.

TUESDAY, SEPTEMBER 261H, 1961

Registration.
Opening of the Trade Exhibits by the Vice-President and
visits by Members to the Exhibition Stands.
Symposium: “HELMINTH RESEARCH IN SOUTH AFRICA”.
(i) “Seasonal Incidence of Nema- W. B. Hobbs.
tode Parasites in Cattle in the
Natal Coastal Area”
(i1) ““Seasonal Incidence of Nema- L. W. Rossiter.
tode Parasites of Small Stock in
the Grahamstown Area”
(i) “The Diagnosis of Nematode R. K. Reinecke.
Parasites in Ruminants for Worm
Survey Purposes”
Film: ‘“Faeces examination
for worm infestation in Rumi-
nants” (compiled by R. K. Rei-
necke and 1. G. Horak)
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2.00 p.m.
3.00 p.m.

3.30 p.m.

8.00 a.m.
2.00 p.m.
2.30 p.m.

3.15p.m.

8.00 a.m.

9.30 a.m.

11.00 a.m.
12.30 p.m.

(iv) “Field Trials on Thiabendazole
(M.K. 360) as an Anthelmintic
for Sheep; with a note on the
Assessment of Diagnostic Me-

thods” G. L. Muller.
(v) “Echinococcus in South Afri- Anna Verster.
Ca”

Film: ““Coenurus Cerebralis
in Sheep” (compiled by Anna
Verster, R. Tustin and K. van
der Walt).

“Enzootic Pneumonia of Calves in S. J. van Rensburg.
South Africa” R. Every.
“The Tuberculin Test in Cattle” H. H. Kleeberg.
“The isolation of Viruses associated J. Maré.
with Infertility in Cattle: A pre- S. J. van Rensburg.

liminary Report”

“Investigation into the Causes of K. M. van Heerden.
Abortion in Angora Goats in
South Africa”

WEDNESDAY, SEPTEMBER 27tH, 1961

Fifty-Sixth Annual General Meeting.

Informal visits by members to exhibition stands.

“The Chemotherapy of Nematode W. T. Harrow.
Parasites of Sheep and Cattle”

“Investigation into and the Deve- C. J. Bosman.
lopment of Hexachlorophene as P. W. Thorold.
an Anthelmintic” H. S. Purchase.

THURSDAY, SEPTEMBER 28tH, 1961

Simposium: “TRANSPORTATION OF ANIMALS BY RAIL.”
(i) “The Behaviour of Cattle J. H. R. Bisschop.
during Transportation by Rail”
(ii) “Transport of Animals by G. D, Sutton.
Rail”
(iii) “Animal Transport and Meat L. W. v.d. Heever.
Inspection”
(iv) “Diseases of Ruminants in K. van der Walt.
Transit”
“Cobalt in Relation to Ruminant C. C. Wessels.
Nutrition in South Africa”
Film: ¢Phalaris Staggers.”
“Respiratory Diseases of Fowls” L. Abrams.
Adjournment.
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J. S. Afr. vet. med. Ass. XXXII (2), 1961

SYSTEMIC MYCOTIC DISEASES
J. D. Smit*

Mycotic infections are usually associated with skin diseases. This is
to be expected, because some of the best known fungus infections cause
skin lesions, e.g. ring worm. Fungi are usually soil contaminants and the
skin is therefore more readily exposed to infection. Without trying to
minimize the importance of these skin diseases, the most serious, often
fatal, and therefore the most important group of fungiis that responsible
for systemic diseases.

They are conveniently classified as infectious granulomas, because
these diseases are characterized by the formation of epithelioid granulo-
matous tissue. The diagnosis of these infections is usually difficult, as
it is not always possible to demonstrate the causal organism without
special techniques. Up to the present only a few of the known important
mycotic diseases have been diagnosed in South Africa. These include
nocardiosis, aspergillosis, mucormycosis and histoplasmosis. Some of
the other diseases from this group may not occur in the country but I
would not be surprised if we have missed some of them through a lack
of knowledge or experience.

To familiarize you with the most important infections caused by fungi,
I will attempt to give a very brief description of each.

COCCIDIOIDOMYCOSIS

Coccidioidomycosis has been recognized as a human disease since
1892. It is most prevalent in the arid regions of Southwestern United
States, but its distribution is generally world wide. In man, the disease
may occur as an acute, febrile, upper respiratory infection with a short,
favourable course or as a progressive intractable disease with disseminated
lesions and fatal outcome. In animals, the disease usually assumes the
chronic progressive form. The causal organism Coccidioides immitis
occurs in the soil and inhalation of spores will initiate the disease in
either man or animals. Direct transmission from one animal to another
apparently does not occur. In cultures the organism produces aerial
mycelia which form a small, fluffy, white, spherical colony. In tissues,
however, mycelial structures are not observed, the fungus taking the form
of spherules 5-50 microns in diameter, with double contoured walls.
Endospores may be found in the larger spherules. The gross lesions
appear as discrete or confluent granulomas, with or without suppuration
or calcification. In the disseminated form of the disease, as in the dog,
greyish nodules of various sizes may be found in the lungs, lymph nodes,
liver, spleen, meninges, bone marrow, and other organs. The microchpic

*Section Pathology, Onderstepoort.
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appearance is characteristic. The largest spherules, often filled by en-
dospores, are usually surrounded by a wide zone of epithelioid cells, and
mixed with a few neutrophiles, some lymphocytes and Langhans’ giant
cells. The diagnosis is based on the characteristic cell reaction and the
demonstration of the organisms. The Gridley fungus stain is the most
rcliable stain for the demonstration of the organisms.

CRYPTOCOCCOSIS

Cryptococcosis has been diagnosed in many animal species and is
well known in man. Cryptococcus neoformans is a yeast-like fungus found
in soil, manure and dust. Direct transmission from animal to animal has
not been demonstrated. The manifestations of cryptococcosis depend
upon the organs or systems involved. Therefore no clinical syndrome can
be described. In cats, nasal obstructions resembling neoplasms have been
associated with pulmonary infection and subsequently the meninges have
been involved. Otitis media with a spread to the meninges is another
common feature of the disease, especially in dogs. The gross lesions are
not diagnostic. They appear as granulomatous nodules. Affected lymph
nodes arc enlarged and usually show a severe oedema. The involved
meninges are thickened and ocdematous. The diagnosis is based on the
presence of ovoid or spherical, thick-walled, yeast-like bodies, which
occasionally show single budding and are surrounded by a wide, gela-
tinous capsule. The cell inside the capsule is usually 5 to 20 microns in
diameter, the capsule increases the overall diameter to a maximum of
30 microns. In sections stained with haematoxylin and eosin, the cell
wall and somectimes its contents are visible, but the capsule remains
unstained. The best stain to demonstrate the capsule is the periodic
acid-schiff (PAS) method.

BLASTOMYCOSIS

Blastomycosis is a serious disease described primarily in the Missouri
Valley of the United States. The incidence and the distribution of the
disease arc not accurately known. In animals, principally dogs, the
pulmonary form of the disease is observed more commonly. Fatal
dissemination may follow. In the lungs of affected dogs, circumscribed
grey nodules of solidification may be secn in some cases, and diffuse
consolidation of the lung, with the cut surfaces yielding purulent exudate,
in others. The histological picture is characterized by intensive infiltration
by reticuloendothelial cells in which foci of neutrophiles and diffusely
distributed lymphocytes may be found. Caseation and necrosis may
occur; there is little tendency towards encapsulation. Giant cells of the
foreign body type may be prcsent. The causative organisms are found
in the lesions, free or in macrophages, as spherical, yeast-like cells, 8 to
20 microns in diameter, with double contoured walls. The organisms
usually appear as a central mass surrounded by a refractile, double-
contoured, unstained zone which is bounded by a thin outer wall. Budding
may occasionally be seen. Gridley fungus stain and P.A.S. are suitable
stains for the demonstration and diagnosis of the organisms.
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HISTOPLASMOSIS

Another, often fatal mycotic disease in man and animals is histo-
plasmosis.

It has been reported from many parts of the world. Histoplasma
capsulatum is a mould which bzars spores of two types: spherical, minutely
spiny m'croconidia, 3 to 4 microns in diamzter, and spherical, or rarely
clavate, macroconidia, 8 to 12 microns in diameter. The parasitic phase
in the mammalian host develops from either of these conidia into a yeast-
like form. The disease may either assume a benign form, which usually
remains unrecognized, or it may assume a fatal, disseminated form,
especially in dogs. It usually runs a prolonged course with progressive
loss of weight, lymphadenopathy, diarrhoea, weakness, anaemia, hepa-
tomegaly and ascites. The diagnosis is seldom made in the living animal.
The dominant feature of the tissue changes is the extensive proliferation
of reticulo-endothelial cells, many of which contain yeast forms of histo-
plasma, cither a few, or so many that the cytoplasm is distended and
tremendously enlarged. In the dog the benign form may show only a
few discrete, well-encapsulated nodulés of epithelioid cells, some of which
may contain organisms, The yeast-like bodies, which are always located
in the cytoplasm, are irregularly egg-shaped and mecasure from 2 to 4
microns. In sections stained with haematoxylin and eosin, a central, spheri-
cal, usually basophilic body is surrounded by an unstained zone, which,
in turn, is encircled by a thin cell wall. The wall can be stained sclectively
with thc PAS or Gridley fungus method. These stains are particularly
useful in recognizing only a few organisms and to differentiate them from
other phagocytosed particles, especially tissue debris. The lymph nodes
in the disseminated form of the disease are tremendously enlarged and
grossly resemble those of malignant lymphoma. The iliocaecal junction
of the gut and the adjacent lymph nodes are often severely affected,
especially in cats, and this may lead to obstruction of the gut.

NOCARDIOSIS

Nocardia is an aerobic, Gram positive, filamentous organism, which
under some conditions has acid-fast staining properties. The disease
occurs in man and animals, particularly in dogs and cats. In dogs, infec-
tion of the lungs and pleura is most common, although generalization
may occur or it may localize itself in various other systems. The lesions
are seen microscopically as tangled, indistinct colonics of organisms
surrottnded by necrotic cellular debris, purulent exudate and granulation
tissue. The colonies are not surrounded by radiating clubs. The organism
could be confused with actinomycosis and actinobacillosis. It occurs in
most species of domesticated animals and has a world-wide distribution.

ASPERGILLOSIS

Infection with Aspergillus, particularly A. fumigatus, is most prevalent
in birds but may occur in mammals. The bovine seems to be most com-
monly affected. The organisms are extremely common in nature, occurring
on foodstuffs and plants as a white, fluffy mould. In birds, the lungs are
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most often affected. This has also been our experience in cattle, In man,
the external ears are more frequently involved. The lesions usually
consists of a nodular consolidation with a marked reaction zone surround-
ing it. The nodular lesion consists of a central core of caseation and
necrosis, in which the organisms are found, surrounded by a wide zone
of epithelioid granulation tissue. The organisms in these granulomas
appear as short, slender, septate, branching filaments, 3 or 4 microns wide
and about 8 microns long. The Gridley fungus stain shows them up to
the best advantage.

HaPLOMYCOSIS

Haplosporangium parvum is another fungus that may affect our
domesticated animals but it usually does not produce a progressive
disease. The lesions are usually limited to the lungs, which suggests
inhalation of the organisms. They are large, spherical structures, up to
270 microns in diameter and have thick double-contoured walls.

MUCORMYCOSIS

Mucormycosis is one of thie less frequent forms of granulomas,
The lesions are rather non-specific, but ulcers with raised edges are a
frequent manifestation of the disease. The stomach and various other
portions of the gut may be involved. Ruminants are most often affected
but cases have also been described in dogs. The organism appears in
giant cells or necrotic zones as irregular, coarse hyphae, which are often
branched but rarely septate.

This is a brief summary of the salient features of the most important
pathogenic fungi occurring in our domesticated animals. The talk will
be illustrated further by case reports and colour slides demonstrating the
main histopathological features of the diseases as well as the appearance
of the organisms reponsible.
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A DISEASE OF CALVES RESEMBLING SPORADIC BOVINE
ENCEPHALOMYELITIS

R. C. Tustin,* John Maré** and A. van Heerden.***

INTRODUCTION

Sporadic bovine encephalomyelitis (S.B.E.) is an acute infectious
disease of cattle caused by a virus of the psittacosis lymphogranuloma
venereum group of viruses. It is characterized by a sudden onset with
fever, anorexia, listlessness, nasal discharge, cough, excessive salivation,
occasionally diarrhoea and nervous symptoms, viz. depression, a progres-
sive paralysis and in some cases opisthotonus and blindness. The mesen-
chymal tissues, particularly endothelial and serous lining membranes,
show the greatest pathological changes!. These are manifested in the
majority of fatal cases by the development of a serofibrinous peritonitis,
pleuritis, pericarditis and a non-purulent meningo-encephalomyelitis.
Calves under the age of six months are more susceptible than adult cattle?.
It usually occurs enzootically in affected herds. The natural mode of
transmission is not known.

The disease was first recognized to be a specific entity by McNutt?® in
1940, when he described four outbreaks in Iowa, U.S.A. It has subse-
quently been reported from eleven states of the mid-western and western
regions of the United States of America%, and a similar, if not identical,
disease has been described in Japan® It has been suggested that the
disease is probably more widespread in the U.S.A. than is realized.?

Sporadic bovine encephalomyelitis, or a similar disease, was suspected
to be present in South Africa for some months before suitable material
could be obtained for transmission experiments. The opportunity arose
when one of us (A. v. H.) investigated an outbreak of a disease in calves.
Material for histopathological examination revealed the presence of a
lymphocytic meningo-encephalitis. A sick calf was subsequently donated
by the owner to Onderstepoort Laboratory for examination.

History OF THE OUTBREAK

A farmer in the Christiana district of the Western Transvaal pur-
chased twelve pregnant heifers in May, 1960, from another farmer in the
Schweizer-Reneke district. They were allowed to mingle with other cattle
on his farm, and eventually calved. The first case of the disease occurred,
according to the farmer, during October, 1960. Thereafter, new cases
developed at approximately eight day intervals. The disease was at
first considered by the farmer to be some hereditary defect, as the heifers

*Section Pathology, Division of Veterinary Services, Onderstepoort.
**Section Virology, Division of Veterinary Services, Onderstepoort.
***State Veterinarian, Vryburg.
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had been covered by their own sire. The first specimens received, origi-
nated from the eighth case, which was the first to receive veterinary atten-
tion; the ninth case was submitted to Onderstepoort Laboratory while
still alive, and was slaughtered soon after arrival.

Of the first nine cases, three were calves born of cows that were
originally on the farm; the rest of the calves was the progeny of the
newly introduced heifers. The first case oecurred in a calf of one of the
heifers that had been purchased.

Neither the seller nor the purchaser had previously encountered the
disease in their herds.

SYMPTOMATOLOGY OBSERVED IN NATURAL CASES

Listlessness, mild lachrymation and a mucopurulent nasal discharge
werg the first symptoms seen in sick calves. After approximately three
days, a paresis of the hindquarters developed, the animals walking with a
swaying gait. The paresis progressed until thcy were unable to stand.
During the first few days the sick calves ate and drank, but subsequently
were unable to do so as they appeared to suffer from trismus. The nasal
discharge interfered with respiration. When they had developed complete
paralysis, most of the sick calves were slaughtered by the owner on
humanitarian grounds. One six months old calf (the tenth case) recovered
completely, except for a mild kyphosis, a slight stiffness of the hind-
limbs and enlarged prescapular lymph nodes.

The possibility exists that the disease occurred in two adult cows in
a very mild form. One developed a severe stiffness of the forelimbs during
October and November, but continued to milk well and did not go off
her feed. A stiff gait and scoliosis, not present previously according to the
owner’s assurances, were still in evidence some months later. The other
cow, whose call developed the disease, showed a slightly swaying gait of
the hindlimbs, with incomplete flexion of the joints when walking.

The animal submitted for examination—a four months old Jersey calf—
showed a mild ataxia, and appeared dull and depressed, but continued to
eat. On the sccond day after arrival, it went down and was unable to
rise when prodded. The temperature was within normal limits, The
animal was slaughtered and autopsied, and material was collected for
experimental purposes.

PATHOLOGY
Two calves were autopsied (the eighth and ninth cases).

I. Macroscopic Pathology

Except for a hyperaemia of the nasal mucous membranes, no abnor-
mal changes were observed in one of the cases. The other showed a
fibrinous peritonitis, especially of the pecritoneum covering the spleen,
omentum and diaphragm. Hyperaemia of the entire length of the small
intestine, and of the brain, was present.
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2. Microscopic Pathology
The brain of one calf, and the brain and various organs of the other,
were examined microscopically. The brain lesions of both were similar.

The following histopathological changes were observed:

Brain: A lymphocytic meningo-encephalitis was present. The
meningitis was manifested by a congestion and severe infiltration of
mononuclear leucocytes and a few neutrophils into the pia-arachnoid
membranes.

Ocdema and a marked lymphocytic cell cuffing of the congested
blood vessels were present in all regions of the brain. Rare petechial
haemorrhages and small areas of colliquative necrosis of the brain sub-
stance had occurred in some regions. Small foci of microglial cell proli-
feration were scattered throughout the brain.

The spinal cord was not examined.

Spleen: A perisplenitis was observed, which was manifested by
hyperaecmia and lymphocytic cell infiltration in the sub-peritoneal zone
of the capsule. An exudate containing fibrin and a few mononuclear
leucocytes—some of which showed necrosis—was adherent to the peri-
toneum.

Liver: A mild round cell infiltration into some portal tracts, and a
mild congestion and lymphocytic cell infiltration in the capsule of the
liver were present.

Omentum: The omentum was hyperaemic and infiltrated with mono-
nuclear Icucocytes. Attached to the peritoneum was an exudate consisting
of fibrin and a relatively large number of round cells and a small number
of neutrophils. Some of these cells showed necrotic changes.

Smears: Impression smears of the exudate showed a small number
of free elementary bodies.

EXPERIMENTAL WORK

\. Guinea Pig Inoculation

One ml. of a 109 suspension in saline of pooled spleen, brain and
peritoneal exudate from the Jersey calf was injected intraperitoneally into
each of two guinea pigs. One of these showed a febrile response (104°F) on
the sixth day after inoculation, reaching a maximum of 104.8°F the fol-
lowing day. It was slaughtered on the ninth day after inoculation, its
temperature still being 104°F. Post mortem examination revealed a mild
fibrinous peritonitis, pronounced ascites, and patchy consolidation of the
lungs. Specimens of liver, spleen and heart were taken for further guinea
pig inoculation. Liver surface impression smears were made, and stained
with Giemsa and with Machiavello’s staining technique. No bacteria
were observed, but a large number of free elementary bodies was present
in the exudate.
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Intraperitoneal inoculation of guinea pigs with an organ suspension
from the above case, resulted in a very marked febrile response, reaching
a maximum of 106.8°F. on the sixth day after inoculation. These guinea
pigs were sacrificed; autopsy once more revealed a fibrinous peritonitis
and ascites. In smears large numbers of free elementary bodies were
present. Liver, spleen and heart were taken for further guinea pig passage,
as also for egg inoculation.

2. Egg Inoculation

A suspension of infected guinea pig tissues was inoculated into the
yolk sac of seven-day-old embryonated hens’ eggs. Each egg received
0.2 ml. of a 109, organ suspension containing 200 units of streptomycin
per ml. After three serial passages in eggs, 1009, mortality was observed,
embryo deaths occurring between the third and seventh days. Impression
smears, prepared from washed yolk sacs, revealed the presence of intracy-
toplasmic and free-lying elementary bodies. To date nine serial yolk sac
passages in eggs have been performed, using infected yolk as the inoculum.
Titration of yolk from the eighth serial egg passage gave a titre of 10-4-8

3. The Experimental Disease in a Calf

One experimental case has been produced. A six months old calf was
inoculated subcutaneously with 1 ml. of a 1:10 dilution of 1nfected yolk
from the ninth serial egg passage.

“(a) Symptoms: On the tenth day after inoculation the animal looked
listless, and on the following day marked ataxia was observed. During
the next seven days the calf became progressively weaker, and seemed
to have some difficulty in getting to its food. Marked stiffness, first of
the hock joints and later the knees, was observed. The animal appeared
very depressed; its sight became impaired, and when examined on the
seventeenth day after inoculation, it appeared to be blind. At this stage
“the animal was unable to walk, and was seen to stand pushing against
the wall. It died the following day. The maximum temperature recorded
was 102.8°F. on the seventh and eleventh days.

(b) Pathology. The following pathological changes were observed
in this calf:

(i) Macroscopic Pathology

General: The calf was in a debilitated condition, and showed a
serous infiltration in the intermuscular septa, especially of the larger
muscle groups.

Abdominal Cavity: An ascites consisting of approximately 20 ml. of
clear straw-coloured fluid was present. The peritoneum had a roughened
appearance in many parts. A fibrinous exudate, which could be removed
by scraping and consisted in parts of thick yellow caseous material, was
adherent to the peritoneum. This was particularly apparent over .the
rumen, omentum, diaphragm and urinary bladder and its lateral ligaments.
The peritoneum covering the liver, spleen and fatty capsule of the kidney
also showed a similar fibrinous exudate with varying amounts of adherent
caseous material.

Lymph Nodes: Generalized enlargement of lymph nodes, some of
them congested, was present. Many lymph nodes which are not usually
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very apparent, for example, the ruminal, omasal, cervical and smaller
mesenteric nodes situated adjacent to the large and small intestines, were
prominent.

Pericardium and Epicardium: The pericardium was thickened and
hyperaemic, and had to be peeled from the heart, leaving roughened
surfaces with short strands of fibrin attached. Small pieces of yellow
caseous exudate were adherent to both the pericardium and epicardium.

Articulations: Both hock joints and the right stifle joint appeared
to contain more synovial fluid than is normally encountered.

Nervous System: The pia mater of the brain showed congestion.
Cross sections of the spinal cord, especially in the thoracic region, revealed
the grey matter to be softer than normal and surrounded by a hyperaemic
zone.

(ii) Microscopic Pathology

Peritoneum and Pericardium: The inflammatory reaction of the
peritoneum and pericardium consisted of hyperaemia and a fibrinous
exudate containing few mononuclear leucocytes, some of which showed
necrotic changes. The microscopic appearance of the caseous exudate
was similar, except that more cells were present.

Kidney: Cloudy swelling and pigment granules were present in some
epithelial cells of the ascending and descending loops of Henle.

Urinary Bladder: Beneath the peritoneal surface, hyperaemia, a
fibrinous exudate and a severe infiltration of mononuclear leucocytes,
some showing necrosis, were present.

Adrenal: On examination of the adrenal, hyperaemia and the pre-
sence of single or multiple round acidophilic intracytoplasmic inclusions
in some medullary cells were observed. The inclusions varied in size
from approximately half that of an erythrocyte to larger than the cell
nucleus. They are not regarded as being specific, as they have been noticed
in other diseases.

Liver: The liver was congested and showed a mild leucostasis with a
very mild round cell infiltration into some portal tracts. One small focus
of coagulative necrosis of liver cells was noticed. In the subperitoneal
layer of the capsule of the liver, a mild, focal infiltration of lymphocytes
occurred. The hepatic peritoneum showed the typical fibrinous exudate.

Lymph Nodes: A reactive hyperplasia was noticed in the majority
of lymph nodes examined.

Brain: The lesions in the cerebrum, cerebellum, hippocampus,
thalamus, midbrain and medulla resembled those seen in the natural
cases.

Spinal Cord: The spinal cord showed a meningo-myelitis similar to
the inflammatory reaction seen in the brain. The meningitis, however,
was not prominent. A small number of neurones revealed varying degrees
of necrosis. The inflammatory process extended from the cervical to the
lumbar region.

Lung: A pulmonary congestion was present.
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Heart: A leucocytic cell infiltration, consisting of approximately a
70:30 ratio of lymphocytes to neutrophils, was present in the sub-epicardial
layer. A typical fibrinous exudate was attached to the epicardium. Mild,
focal, degenerative changes were seen in some muscle fibres. A small
number of cocci and bacilli was present in the pericardial exudate. These
are regarded as secondary invaders.

Smears: Impression smears prepared from exudate on the surface
of the abdominal organs revealed the presence of numberous free-lying
elementary bodies.

No specific abnormal changes were observed in the thyroid, pituitary
gland, pancreas, dura mater, intestine and synovial membranes of the
right and left hock joints and the right stifle joint.

4. Re-isolation of the Causal Organism
From liver and spleen taken from the calf at autopsy, the agent was
re-isolated by the intra-peritoneal inoculation of guinea pigs.

DiscussioN

While it has not, as yet, been proved that the condition described
here is sporadic bovine encephalomyelitis, there appears to be a remarkable
similarity between the two diseases. The pathological picture and symp-
toms seen were identical to those described for sporadic bovine encepha-
lomyelitis by Menges et al.? in both the natural and experimental cases.
The agent isolated is morphologically and tinctorially indistinguishable
from the viruses of the psittacosis lymphogranuloma venereum group.
In its behaviour in guinea pigs and embryonated hens’ eggs this virus
closely resembles the S.B.E. virus.

The serological relationship between the virus isolated and the S.B.E.
virus has yet to be investigated.

Menges et al.* state that in the U.S.A. sporadic bovine encephalo-
myelitis has undoubtedly a greater prevalence than is generally recognized.
That this will also hold true for the disease under discussion here, there is
very little doubt. In recent years a non-purulent encephalitis in cattle has
been encountered at infrequent intervals during routine histopatho-
logical examination of material received for the diagnosis of rabies, and
which subsequently proved to be both biologically and histologically
negative for that disease. The similarity in the symptomatology of the
disease under discussion, and of rabies and three day stiff-sickness in
cattle, could be the reason why the disease has not previously been recog-
nized as a distinct entity.

SUMMARY

1. An outbreak of a disease in calves not previously diagnosed in
South Africa, and closely resembling sporadic bovine encephalomyelitis,
is described.

122



2. The main symptoms and lesions manifested were: mucopurulent

nasal discharge; lachrymation; progressive paralysis; a fibrinous

ritonitis, pleuritis and pericarditis; and a non-purulent meningo-
encephalomyelitis.

3. The causative organism was isolated and propagated in guinea
pigs and embryonated hens’ eggs. Impression smears of exudates revealed
the presence of elementary bodies indistinguishable from those of the
psittacosis lymphogranuloma venereum groups of viruses.

4. The disease was reproduced in a calf by the subcutaneous inocula-
tion of a 1:10 dilution of yolk from the ninth serial egg passage.
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THE USE OF MILKING MACHINES

1. THE MANAGEMENT OF THE DAIRY COW ON A
PHYSIOLOGICAL BASIS

I. S. McFarlane* and R. Clark**

INTRODUCTION

The modern dairy cow can only achieve her full genetic potential
production if all her body systems are functioning to maximum efficiency.
Although obvious, the dependence of mammary function on general
body function is not always fully realized. For instance, it has been
calculated that from 150 to 200 volumes of blood must pass through the
udder for every unit of milk secreted. In a cow producing only four
gallons of milk per 24 hours this means a mammary blood flow of up to
800 gallons per 24 hours. At the same time the metabolic rate may be
doubled due to lactation. The daily losses in a four gallon cow are
approximately as follows:—protein, 700 gm.; fat, 700 gm.; sugar, 1,000
gm.; Ca, 25 gm.; P, 20 gm. and NaCl, 100 gm. The calorific value of
the milk itself, apart from energy required for production, is 13,000 K.cal.
Even under optimal nutritional conditions such outputs are only possible
when all the organ systems of the body are acting at full capacity and in
perfect correlation. This demands optimal development of the total
genetic potential from birth to the end of productive life. This can only
occur under optimal environmental conditions, both pliysical and psycho-
logical. The object of this paper is to stress the importance of good
management and stockmanship in obtaining maximum production from
a dairy herd. The obviously essential aspects of nutrition, hygiene and
specific prophylaxis against disease will not be dealt with, but emphasis
will be laid on the often less well appreciated importance of the relationship
between milker and milked and the creation of an environment which
will ensure the full co-operation of the cow by making the best use of
natural and acquired reflexes. Just as the scientific advance of medicine
has resulted in a decline in the valuable human relationship between doctor
and patient, so has the advent of balanced rations, machine milking and
the general commercialisation of the dairy industry tended to over-
shadow the importance of “stockmanship.” The modern dairy cow has
been described, and often approached. as a “milk manufacturing
machine.” This is nonsense. She is a highly specialized and sensitive
animal with a highly developed capacity of responding to her environ-
ment.

As all good stockmanship must be based on a sound knowledge of
the physiology, and psychology, of the animal, a short survey of our
present knowledge of the physiology of the mammary gland will now be
given,

*Section of Reproduction and A.I.. Onderstepoort.
**Department of Physiology, Onderstepoort.
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PART 1
THE PHYSIOLOGY OF THE MAMMARY GLAND
R. Clark
(i) Mammogenesis

The specific development of the mammae is dependent on the
presence of a series of hormones, finely balanced both as regards propor-
tions and sequence. In the spayed heifer functional development can be
produced by oestrogens alone, but the glands are abnormal and production
usually low. Optimal development takes place in the presence of oestrogen
and progesterone in the proportions of approximately 1: 1,000. Other
hormones, however, are essential. These are somatotrophin and prolactin
(= luteotrophin) from the anterior pituitary as well as thyroxin and
adrenocorticoids. The action of the former two hormones is probably
direct, while that of the latter two is probably indirect through their
influence on metabolism. When it is remembered that the ovaries, adrenal
cortex and thyroid are governed by the anterior pituitary, the key position
of this organ in mammogenesis becomes apparent.

During puberty, a slight amount of udder development takes place
at each oestrous cycle, due to ovarian oestrogens and progesterones, but
real functional development only starts in the fifth month of pregnancy,
when placental hormones presumably play the major role. The key
position of the anterior pituitary, however, still holds, the cycle now
being: placental hormones maintaining the output of luteotrophin,
which maintains the corpus luteum, which maintains the endometrium
on which the placenta depends. At the same time placental oestrogens
and progesterones cause mammogenesis. These hormonal relationships
are shown diagramatically in Figure 1.
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(ii) Lactogenesis

Although the udder develops steadily from mid-term to reach full
structural development just before parturition, no true milk secretion
occurs during this period. It is accepted that prolactin (supported by
somatotrophin) is responsible for milk secretion by the conditioned
udder, yet this hormone, in the guise of luteotrophin, has been present
throughout pregnancy. The following questions therefore arise: What
inhibits lactogenesis during pregnancy and how is this inhibition released
at parturition? The most generally accepted theory is as follows:—

(a) Prolactin can only act in the presence of a certain range of
oestrogen. This explains the facts that lactogenesis can be initiated in
the virgin heifer by moderate doses of oestrogen and inhibited in the
lactating animal by high doses.

(b) High levels of progesterone also inhibit the lactogenic action of
prolactin. During pregnancy the high levels of placental oestrogen and
progesterone then inhibit lactogenesis and this inhibition is released at
parturition by the drop in placental hormones.

(iii) The Maintenance of Lactation

Once lactation has been initiated, it is maintained by the continued
output of lactogen from the anterior pituitary. This is closely associated
with withdrawal of the milk. Pleasant tactile stimuli to the udder and
teats cause nervous impulses to pass up to the hypothalamus and oxytocin
is secreted via the posterior pituitary. This oxytocin not only causes milk
expulsion in the udder (see later) but also reacts on the anterior pituitary,
stimulating prolactin production. This prolactin then maintains milk
production, later at a decreasing tempo, until the next milking. The
increase in milk production obtained with more frequent milking is
largely due to the maintenance of a high prolactin level by this mechanism.

(iv) The Milk Expulsion Reflex

The milk in the udder is held up by capillary attraction in the alveoli
and fine ducts. To be withdrawn it must be expelled into the larger ducts
and cisterns by active contraction of the myo-epithelium of the udder
tissue which occurs in response to the presence of oxytocin in the blood.
This is the socalled “let down” reflex. The term “let down” is not really
acceptable, as it indicates the relaxation of a withholding mechanism,
whereas the reaction is, in fact, one of active expulsion. The term “milk
ejection” reflex will therefore be used. As stated above, the oxytocin
responsible for the reaction may be released in response to pleasant tactile
stimuli to the teat and udder. Three very important facts in respect of
this reflex must be emphasized. The first is, that it is inhibited by adrenalin
and therefore by fright, anger or any external stimuli leading to emotional
upset or apprehension. Secondly, the reflex is of short duration, lasting
about ten minutes. Once it has been invoked and allowed to pass off
without withdrawal of the milk, it is very difficult to reproduce for a
considerable time. The third important fact is that the reflex can easily
become conditioned, i.e. it can be invoked by a variety of pleasant stimuli
associated, by the animal, with being milked. When properly carried out,
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being milked is itself a pleasant experience to the cow. As Rabbi Akiba
(in Roman captivity) said to his favourite pupil: “My son, more than the
calf wishes to suck, does the cow yearn to suckle.” But this yearning can
only be fully satisfied in an atmosphere of security and contentment,
created by full understanding between stockman and stock.

The maintenance of lactation and the milk ejection reflex are illus-
trated in Figure 2.

MAINTENANCE OF LACTATION
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(v) Difference in Composition of First and Last Drawn Milk

It has long been known that the percentage of butter fat in the milk
increases during milking. The following figures are taken from Smith?!
as an illustration of this fact. Samples of milk from a single quarter were
taken during milking,.

Sample Butter Fat Y
First 1.45
Second 4.85
Third 9.70
Stripping 11.10
Total Milk 4.35

The explanation for this phenomenon is not fully known. The old
“creaming” theory, i.e. that the fat rises to the dorsal part of the udder
and is therefore drawn last, has been abandoned for many reasons. Pavlov
and Breslau? give the following explanation: prior to milking, the milk in
the collecting systems contains a small percentage of fat consisting of
small globules. In the secretory epithelium large fat globules are con-
centrated in the apices with smaller globules in the basal portions of the
cells. When milking is started, residual milk from the previous milking
is drawn first. Tactile stimuli from the udder stimulate the rapid secretion
of fat droplets into the alveoli. The larger fat droplets are secreted first,
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followed by a massive secretion of finer droplets which raise the fat
content of the milk sharply. The authors do not indicate whether this
reflex secretion.of fat following tactile stimuli to the udder is mediated
through oxytocin or not. It would be an inviting hypothesis. The above
theory does not quite explain the fact quoted by Smith,! viz., that if the
four quarters are milked in rotation the milk from the glands milked
first almost invariably contains more fat than that from the glands milked
last.

On the above theory it could be argued that the longer the tactile
stimuli had to act, the greater should be the butter fat content, i.e., the
glands milked last should contain more fat. The explanation quoted by
Smith is that in the glands milked last “‘the muscular tone (sic) of the
udder decreases before all the fat globules have been forced from the
secretory cells of the alveoli.” The first theory appears to lay emphasis
on the secretion of fat during milking and the second on the expulsion
of preformed fat.

Whatever the explanation may be, the fact that the last drawn milk
contains the highest percentage of butter fat is of obvious practical con-
sequence to the dairyman and emphasizes the importance of complete

milking.
(vi) Residual Milk

Even after complete milking the udder still contains a quantity of
“residual milk.” This usually amounts to some 209, of the milk drawn.
A proportion of the residual milk can be obtained by the injection of
oxytocin (about 10 units to the average cow). The milk so obtained is
very high in butter fat, i.e. 159 as against 3.6 9 for the milk previously
withdrawn by normal milking.

PARrT 2
PRACTICAL ASPECTS OF THE PHYSIOLOGY OF MILKING
I. S. McFarlane

To the good stockman lactation can be broken down into three
phases:—

(1) Preparation.

(2) Milking.

(3) Drying off and dry period.

1. PREPARATION.

(a) The Maiden Heifer

The whole future lactation potential of the animal is directly corre-
lated with the management and feeding of the non-lactating female. From
birth onwards the whole rationale is one of treating the animal as a
future milk-producing biological entity. This paper does not intend to
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deal with calfhood. Provided that the nutritional plane is maintained, no
great difficulty is experienced these days in raising good calves. One
point, however, must be stressed, and that is: that the calf should have
pleasant association with the buildings and surroundings and in-particular
with the human factor. Correct handling leading to full confidence in
the human with no associations of pain or fear is essential.

The maiden heifer is usually the most neglected animal on the majority
of farms, and this during a very important period of development. The
common attitude is that once a calf has been weaned, she can take care of
herself until she starts to make udder. The opposite is self-evident, but
unfortunately rarely applied.

The management of the maiden heifer should be aimed at judicious
feeding coupled with a conditioning to handling. Although stable routine
cannot be.initiated, the animal should be aware of byre activity and any
fears associated with these buildings should be allayed. 1t is as well to
remember that sounds and smells play an important réle in dairy cows
and pleasant associations of these factors with byre activity can be of
importance later when lactating.

At the onset of puberty there is usually a primary udder development
which regresses to a greater or lesser extent up to three months later,
depending on the breed. Usually this development is exaggerated when
heifers are being over-fed for shows, etc. Feeding at this stage is usually
neglected however, the animals being considered as non-earning passen-
gers. The folly of this policy cannot be over-emphasized.

(b) The Pregnant Heifer

The care and management of this group is orientated towards the
developing of conditioning to byre conditions. Handling and feeding at
routine intervals establishes a pattern within which milking efficiency
can be maintained. The change-over from dry heifer to milking cow
should be effected in such a way as to make the calving or partus almost
incidental.

The initial alveolar and duct tissue growth occurs early in pregnancy
but remains static until the secondary development occurs. During this
period ‘“‘heifer-honey” appears and there are indications that its free
flow may be correlated with later high production. Supernumerary teats
and quarters develop rapidly and may upset the whole shape and balance
of the udder. Feeding on a rising scale must be judicious and a good
supply of clean water is essential. This is sometimes neglected or skimped:
the water requirements of a pregnant cow or heifer are usually higher
than the owner thinks.

It is well to remember that bovines are gregarious and usnally well-
established relationships and cliques develop within a herd. A good
stockman will always remember this and train ‘“mates” together. A
common mistake is to put two antagonistic cows or even groups together:
this always has a drepressing effect and upsets byre management. Aggres-
sive animals are never an asset.

Partus should be concluded with as little interference as possible and
“calving boxes” should be avoided. A clean, quiet camp is much to be
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preferred, particularly in South Africa. It is customary to allow non-
milking staff to handle calving animals, as they sometimes associate
individuals with calving and the removal of the calf. There is no sound
reason why water should be withdrawn from a parturient cow or heifer.
This is a fairly common practice and has no scientific basis at all. Nor-
mally, she will limit herself and will become very thirsty; it is customary
for her to drink copiously after calving.

2. MILKING
(@) Hand-milking

From the milker’s point of view the main functional components
of the udder are:—

(1) the teat orifice, which is closed by a sphincter muscle;
(2) the teat sinus or cavity;

(3) an annular ring of mucous membrane between teat sinus and
udder, which, under certain circumstances, may interfere with the passage
of milk from udder to teat;

(4) the udder cistern immediately above the teat;
(5) large ducts leading into the cistern;
(6) the secretory portion.

In hand milking the method of milking is to close off the teat sinus
from the udder cistern and increase the internal pressure by squeezing and
overcoming the resistance of the sphincter muscle at the orifice. It is a
common but erroneous belief that the sphincter relaxes completely during
so-called “let-down.” As has been explained, this term implies a conscious
effort on the part of the animal to “hold-up” the milk and the unacceptable
suggestion that the egress of milk is actively prevented.

The whole aim of the good stockman should be to bring about a
series of pleasant associations for, and stimuli to, the cow in order to
encourage the expulsion reflex. The action of oxytocin is limited and for
all practical purposes its period of activity is assumed to be ten minutes.
The hand milker has, therefore, to stimulate one cow at a time and see
that she is milked within ten minutes. This implies rapid milking. Most
milkers become aware of this phenomenon and the tendency, therefore,
is to increase force to attain the object. In South Africa the Bantu milks
mainly by pulling and stripping, which is unpleasant for the cow and may
even be painful. When “full hand” milking has been taught, a marked
difference in production is automatically produced.

An important factor, which is often forgotten, is the painful sensiti-
zation of the teat due to the handling which occurs three to four days
after milking commences. This may even have a serious inhibitory effect
on milk production. “Full hand” milking reduces this possibility. As
production increases individually and collectively in a herd, so hand
milking becomes inefficient, mainly due to the fact that the cow cannot
be milked out fast enough and fatigue in the milker becomes a real problem.

Any unpleasant association must be avoided and leg chains, ropes
and hind-leg ties should be avoided as they are not conducive to good
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reflex stimulation. A cow likes to stand comfortably during milking and
does not take kindly to restraint. It is common knowledge that kicking is
“infectious” and one excitable animal may set up such an epidemic of
kicking. There is only one answer to such animals: they shouid be got
rid of as soon as possible. '

(6) Machine milking

It is important to-remember that a milking machine acts by reduction
of external pressure on the teat. In order to assist this suction and to
stimulate expulsion reflex, a pulsating mechanism is also incorporated.
It must be well understood that this pulsating action does not squeeze
the milk from the teat, but merely acts as a mechanical stimulus for milk
expulsion as well as maintaining blood circulation in the teat wall. The
technique of milking is basically the same, no matter what type of milking
machine is used.

The two main principles on ‘which efficient milking is based are:—
(1) a machine mechanically sound and clean;

(2) the building up of a standard routine which will give maximum
stimulus for milk expulsion.

The second of these principles will be dealt with in this paper.

It has been found that as the machine milking rate is higher than
hand milking, the ideal time in which the majority of cows should be
milked is about six minutes. This will depend entirely on whether oxytocin
stimulation is optimal. This stimulation can be best provided by an
orderly and efficient method in routine.

Pleasant associations with milking should always be maintained.
One of these is the anticipation of the short feed which is usually provided
during milking. The advantages and disadvantages of feeding hay or
“long feed” before or after milking are still a matter of opinion, but it is
generally accepted amongst experienced machine milkers that there are
more advantages to feeding the long feed before milking. Most milking
parlour designs are based on this principle. This means that a contented
animal will be milked.

The building up of the reflex stimulation of expulsion should be
associated with the actual milking plant:

(1) Handling of the udder can be a powerful stimulus and should be
avoided until as near to putting on of the teat cups as possible. As it is
essential to clean the udder before milking, this is made use of by washing
down with warm disinfectant just before milking. In parlour milking this
has one disadvantage in that it is also usual to strip the teats into a strip-
ping cup before milking to eliminate mastitis carriers and it will be only
when the cow is already in the machine that signs of abnormal milk is
detected. This means that she will have to be turned out and hand milked,
thus upsetting her and the machine routine.

For all practical purposes it has been found that teat cup stripping
and udder cleaning can be done before milking, as long as the cow can get
into the parlour and be milked as soon as possible without losing any of
the effect of the stimulus set up by handling of the udder.
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(2) Feeding production meal just before and concurrently with milk-
ing can also be a strong stimulus; but it must be remembered that milking
time should be limited to six minutes and in the case of high producers
this does not allow sufficient time for the cow to consume-her proportion
of meal. Hence some workers prefer not to feed the short feed during
milking. Another disadvantage to this meal feeding is that a cow may
complete her allocation of meal before she is completely milked out and
will expect more meal or become upset and disturbed. This happens only
towards the end of lactation, when production has fallen and the allocation
of concentrates is cut accordingly. Cases can be cited where premature
drying off could be attributed to such an aberrant stimulus.

(3) The most powerful stimulus is naturally the application of the
teat cup and the pulsating action and downward pull of the claw piece.
Milk flow should be immediate and any indication that this does not take
place should be investigated. It has been shown that immediate release
and rate of flow of milk can be correlated almost directly with total
production.

FIGURE 3.
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It will be noted that cow A released her milk almost immediately, whereas B has a
lag period before the milk actually flows after the teat cups have been applied.

If the cow has been correctly handled this milk flow should be looked
upon as the climax to a psychological build-up, which is aimed at inducing
a sustained flow of milk for as long as possible. In her natural state the
cow is only expected to release her milk at intervals on demand from the
calf.

(4) Association with sounds, such asclicking of the pulsators, opening
of parlour gates, etc., can also be a stimulus. It has been the experience
of one of the authors that, where an electrical bell was used for a signal
to stable helpers, this sound became a stimulus for the “expulsion reflex”
and had to be discontinued.
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The rate of flow has a definite effect on production and the faster the
animal can be milked the better. It is possible to train cows to milk fast in
machine milking by making maximum use of the expulsion reflex. In one
milking parlour the average milking time per cow decreased. from 8§
minutes to 4 minutes 32 seconds over a period of five years.

The faster the milking, the easier it becomes to strip the animal
thoroughly, as use is then made of residual oxytocin effect, whereas with
longer periods stripping becomes more difficult. Machine stripping can
be just as effective as hand stripping, if done within the period of oxytocin
stimulation.

In fig. 3 it will be seen that cow A showed a sudden cessation of milk
flow after two minutes when she had yielded 19 1bs. of milk and another
lesser flow of milk up to four minutes. This secondary flow or stripping
is obtained in a number of ways; the most important are:—

(1) Increased stimulus to the teats by applying a downward pressure
on the teat claw-piece.

(2) Massage of upper portion of the udder.
(3) Slowing of the pulsation rate and increasing the vacuum, if the
machine is so designed as to allow these adjustments.

(4) Hand stripping. This method is still being used although machine
stripping is rapidly replacing it. The danger in this method lies in the cow
giving proportionately more to the hand milker and becoming virtually
useless in a machine as time goes by.

One common fault is to over-stimulate by stripping, in other words,
to use too much force on the teat cups or by too robust massage.

3. Drying Off.
The essential procedures in drying a cow off are:—
(1) to reduce feed proportionately;
(2) to reduce water intake;
(3) to break milking sequence and thus destroy reflex stimulation.
The first two are self-evident.

The third procedure is the most important and it can be, and is
usually, overdone. Possibly the most important factor is irregularity in
routine, in other words, the cow is taken out of her normal routine and
milked at odd times, as well as in an unusual stanchion, or byre. The
feed may be changed in the byre or hand milking may be instituted instead
of machine milking. Usually three to four days suffices to break up the
routine without undue stress developing and, if judiciously coupled with
reduced feed and water intake, it works well.

Summary

The modern concepts of the physiological control of mammogenesis,
lactogenesis, maintenance of lactation and milk ejection reflex are sum-
marized and an outline is given of how this knowledge may be applied
to the stockmanship of milking.
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THE USE OF MILKING MACHINES
1. MECHANICAL MILKING AND TYPES OF MILKING PLANT

I. S. McFarlane*

INTRODUCTION

The science of mechanical milking has advanced so rapidly that many
practitioners have lost touch with the modern techniques and types of
machines. The object of this paper is to summarize present knowledge and

practices.
THE MILKING MACHINE

Basic principles

In contrast to hand milking, where the milk is squeezed out, machine
milking operates by suction, i.e. by vacuum, sometimes inaptly termed
“negative pressure.” If applied continuously, the suction would cause
oedema of the teats and pain, thus inhibiting the milk ejection reflex.
Consequently, the double-action principle of milking, with few exceptions,
is universally applied today. Broadly speaking, this action consists of
applying a vacuum to the end of the teat to “suck out” the milk and
convey it to a suitable container and alternating this with a rhythmical
squeezing action on the teat to maintain proper blood circulation and to
promote the “milk ejection” reflex.

The frequency of this action varies between 40 and 60 pulsations per
minute, and is referred to as “pulsation rate.” The massage applied to
the teat is accomplished by a pulsation, which consists of a “release” or
“shut” and a ‘“‘squeeze” or “open” phase. Although milk flow is con-
tinuous, withdrawal increases in the former phase. The ratio of the time
occupied by the two phases is called “pulsation ratio™ and may vary from
1:1 to 3:1.

To attain this action it is thus necessary to have (2) a vacuum pump,
(b) a pulsator, to produce the pulsations; and (¢) an assembly—the teat
cup and liner—to mediate this action onto the teat itself.

Teat cup and liner.

The teat cup and liner assembly is illustrated in figure I. It.consists of:

1. A metal shell, the teat cup, usually made of stainless steel or
aluminium, and so shaped that it suits the particular type of liner.

2. A rubber liner or “inflation,” fitting into the teat cup and over the
teat.

3. The annular space between the liner and teat cup, known as the
pulse chamber.

* Section of Reproduction and A.I., Onderstepoort.
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4. The mouth of the liner, fitting around the base of the cow’s teat.

5. The milk tube, attached at the neck of the liner, distal to the
cow’s teat.

6. A vacuum tube connected to the teat cup and leading from the
pulse chamber to the pulsator.

7. Annular rings on the milk tube to vary the tension on the liner.
(Compare figs. I and II).

Through the milk tube suction is applied to the teat. The milk is
carried off to a container through this tube. A tight seal at both mouth
and neck of the liner ensures proper maintenance of the vacuum. The
tension on the liner, and thus the tightness of the air seal, can be varied
by moving the annular rings to different positions relative to the neckpiece
of the teat cup through which the milk tube extends.

In figure IA the teat cup assembly is shown in the “release” or ‘‘shut”
phase. There is a vacuum in the pulse chamber as the pulsation is in the
“shut” phase, i.e. the “pulsator” has now shut off the atmosphere and
allowed connection to the vacuum pump.

In figure IB the “squeeze” phase is illustrated, in which the pulsator
is in the “open” position, i.e. open to the atmosphere. Therefore the
pressure in the pulse chamber is higher than that within the liner, and
pressure (‘‘squeeze”) is thus effected on the teat.

Liners are made of natural rubber with a soft resilient consistency to
obtain the physical properties necessary for efficient milking. They
should have the following characteristics:

1. They should provide a shaped upper opening designed in such a
way as to give a comfortable fit over the base of the teat and also prevent
the liner “riding up”’ the teat onto the teat base, which would close off
the milk cistern from the teat canal. (A slight leak at the mouth is neces-
sary to allow a flow of air to carry off the milk.)

2. They should respond rapidly to pulsation.
3. They should be easy to clean.

There are three main types of liner:

1. Fully moulded, or universal type, in which mouthpiece, barrel
and milk tube are moulded in one piece. Tension can be varied to a
limited extent by having rings moulded into the milk tube so that the
neckpiece of the teat cup holds it in varying states of tension. Most
machines use this type.

2. Semi-moulded, in which the mouth-piece and barrel are moulded
in one and the milk tube is sealed to them in a variety of ways. Their
only advantage is that the tension can be varied more easily.

3. Extruded, in which the liner is simply a tube. The mouth-piece
can be varied by inserting a metal ring of various diameters. The con-
nection to the milk tube is similar to that of the semi-moulded type.

Figure II illustrates one of the main disadvantages of a liner which
is too soft or on which the tension is too slack: there is a tendency for it
to collapse and completely shut off the milk flow.
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Connection of teat cup assembly to rest of plant.

The four teat-cups are joined to the pulsator and vacuum lines by
means of the “claw-piece.” Although varying in construction, it is
basically a four-way distribution casting provided with a safety shut-off
valve. The purpose of the valve is to cut off the vacuum when the teat-
cluster becomes detached or is removed from the teat. If the vacuum is
not shut off, there is the danger of dirt being sucked into the container or
vacuum line, as well as an unwanted drop in vacuum pressure throughout
the whole line.

The vacuum to the cluster and therefore to the teats is controlled by
a master tap. In the case of the simplest machines the tap may be of a
spigot type, but in the case of more advanced plants it is a multiple casting,
although still simple to operate. ’

The pulsator mechanism is usually between the master tap and the
teat-cluster. "

Pulsator.
Pulsators can be divided into two groups:—

1. Mechanical types, which produce a pneumatic pulsation applied
directly to the teat cup, or transmitted through a pipeline to pneumatic
relays which then apply the pulse to the teat cups.

. 2. Electrical types, which produce an electrical pulse transmitted by
a conductor to electro-magnetic relays. These relays produce a pneumatic
pulse which is applied directly or through pneumatic relays.

If the pulsator operates relays, either mechanical or electrical, it is
usually known as a master pulsator. This is usually the type in a milking
parlour. On the other hand, milking buckets have individual pulsators as
a rule. By varying the connections to the pulsators, it is possible to have
the teat cups acting all together, or in pairs, or simply in rotation.

It is important that the change in phase, i.e. from atmospheric to
vacuum pressure, should be sharp and clear-cut, so as to get rapid and
positive change in the pulse chamber. A slurred or drawn-out change
does not collapse or inflate the teat cup liner rapidly enough and thus
reduces the stimulus to the teat.

The speed of the pulsator, and thus the pulsation rate, may be con-
trolled simply by a swinging pendulum, which is adjustable only to a
limited extent. By introducing springloading, the range of adjustments is
increased, but the mechanism becomes less reliable.

The Vacuum Pump.

The vacuum is obtained by means of a vacuum pump, which is in
reality an air compressor in reverse. Most milking plants work with
vacuum pressures of 15 inches of mercury and this can easily be obtained
with a rotary positive displacement pump. It is the type most commonly
used; it is robust, compact and requires very little maintenance.

The vacuum level is maintained by regulators which are either spring
or weight-loaded, the latter being slightly more reliable and accurate.
These regulators are usually placed at the opposite end of the vacuum
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line to the pump, thus regulating the pressure over the whole distance of
the line. In this line there is a guage which accurately registers the pres-
sure.

All machines are based on the above principles with minor alterations:
even the most elaborate and complicated looking types have this same
basic design.

TyYPES OF PLANTS

There are two main categories of plant:
1. The individual bucket type.
2. The multiple milker, whether parlour or bail.

The individual bucket milkers are classified into static and suspended
types. The static type consists of a receptacle or bucket which stands on
the floor of the stable next to the cow to be milked. It has a vacuum-
proofed lid which is fitted with a length of vacuum tubing to connect the
unit to a convenient spigot on the main vacuum line, Also on the lid is a
pulsator unit, usually spring-loaded, for speed control. The open to shut
ratio is fixed. The pulsator and bucket in turn are connected to the teat-
cluster by means of a sufficient length of piping to enable the milker to
work efficiently.

The second type of bucket is essentially the same as the static type,
except that it is slung under the cow from a surcingle or spring-loaded
suspensory point on the stanchion. The action is slightly different in that
there is not only suction on the teat but also traction forwards and down-
wards, which can be varied in force and direction. The pulsations add a
rhythmical backward and forward motion to the suspended pail, thus
giving an intermittent pull to the teats. All four teats are milked at once,
i.e. the open and shut phases coincide on all four teats, whereas in the
static pail it is customary to milk two teats in bi-lateral alteration, i.e.
“side by side” milking.

The relative merits of these two types are mainly matters of opinion
amongst farmers: there is very little actual difference in milking efficiency
between the two. In the hands of an expertly trained operator, who has a
sound knowledge of his cattle, the slung type gives slightly better results,
but in the hands of unskilled labour it may have no advantage over the
static pail.

THE MULTIPLE-MILKER: THE PARLOUR AND BAIL

The Parlour.

There are many variations in lay-out of these units. The major
technical difference between the various types lies in the fact whether the
vacuum is used for milking only or also for conveying the milk from
teat cup to the milk room. In the latter case a detachable milk line (or
transporter pipe) which can be of plastic, stainless steel, aluminium or
even glazed porcelain, is connected through a vacuum releaser mechanism
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to the vacuum pump. The releaser is necessary, as the milk in the trans-
porter pipe is under vacuum and must be allowed to flow out without
dropping the vacuum in the rest of the machine. There are many ingenious
designs on the market; they are fairly efficient to excellent in operation.

In the more advanced types, weighing or measuring devices are
incorporated, so that the milk from individual cows may be recorded
before being transported to the milk-room through the releaser; these
are known as Recorder Units and have now reached a very high standard
of efficiency.

Most plants also cater for concentrate feeding in the milking stalls
by fully mechanical or semi-mechanical feed hoppers, thus keeping the
cow contented during milking as well as allowing controlled feeding.

Lay-outs.

The two main types of lay-out are:
1. the abreast system, and
2. the tandem system.

In the former the cows are tied up in milking stalls which are abreast
at right-angles to the general flow of animals through the parlour. In
the latter, the cows are tied one behind the other, and “in line” with the
general flow. Both systems may have the milking stalls raised, so that the
operator is virtually standing in a pit to facilitate the manipulation of
clusters and udder. Their construction is relatively easy and much cheaper
to apply to the “in line” or tandem system than to the abreast parlour.
Another variation which is very popular is the tandem ‘herring-bone”
system which ‘“staggers” the animals obliquely, thus allowing more
animals to be accommodated per unit length of parlour.
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Each and every farm, and each and every farmer, presents a different
problem in deciding which type of plant should be installed. It is very
seldom possible to design a lay-out which will meet all the needs; it may
be that a combination of design factors is the ideal. The basic tenet,
which must be adhered to, is that fast milking is efficient milking.

The further mechanization of milking plants is proceeding apace and
the number of cows per unit milker and per unit time is being increased
rapidly. One of the advances is the “merry-go-round,” in which a circular
parlour is rotated slowly past the milkers so that production-line tech-
niques may be applied.

The Bail.

The bail is essentially a mobile milking unit, whereby the milking
plant is taken to the cow instead of having the cows coming to the parlour.
It is adapted to particular circumstances, such as obtain on small holdings
supplying milk to a single centre. As the principles are the same, the
details need not be dealt with in this brief reviews. .
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THE USE OF MILKING MACHINES

1I. THE HYGIENE AND CARE OF MILKING MACHINES

L. W. van den Heever*

The efficiency of the milking machine must be measured by its
ability to remove the milk completely from the udder in the optimum time
with no damage to the tissues of the teat or udder, and to deliver milk
which is clean, safe, of good keeping quality, low cell content and free
from off taints or flavours. Most modern milking machine units available
today are reasonably efficient and are in addition labour saving, but
without proper care and maintenance the very opposite results are ob-
tained. For this reason regular and routine attention to the milking unit
is not only essential for the production of bacteriologically and physically
satisfactory milk but also to ensure healthy udders and economical
production.

HYGIENE OF MILKING

Attention must first of all be given to the condition of the udder.
Long hairs hamper proper cleansing and should therefore be clipped or
singed regularly. Cows with abnormal or damaged- teats are not suitable
for machine milking, and teats with cracks, ulcers, large papillomata,
etc., should receive the necessary attention prior to commencing with
machine milking. Quarters should be free of mastitis and in herds where
mastitis is rife, rigid culling and even laboratory examination of milk
from apparently healthy quarters may be advantageous in avoiding the
“flare-ups” of clinical mastitis which so often occur when converting
from hand to machine milking methods.

Before milking is started, all loose dirt such as mud, dung, grass and
hair particles should be removed, either by the use of a running water
spray or with clean cloths dipped into a detergent solution or warm
soapy water. The udder and teats should then be dried rapidly with a
clean towel or disposable paper towels. Teat disinfection by immersion
in a suitable antiseptic solution or wiping with a clean cloth soaked in
such a solution may then take place. Various antiseptic solutions are
suitable, those containing chlorine being amongst the most efficient and
inexpensive. Such solutions should contain 100-150 p.p.m. of available
chlorine and should be freshly made up and renewed when visibly dirty.
Removal of all fat and dirt is essential when using chlorine solutions,
Other preparations such as the quaternary ammonium compounds are
also effective, though somewhat more expensive. They have simultaneous

* Senior Lecturer, Veterinary Food Hygiene and Public Health, Faculty of Vete-
rinary Science, Onderstepoort.
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detergent and bactericidal effects in the recommended concentrations of
about 0.029%, although the pseudomonas organisms, which may also
cause mastitis, are not so readily killed by this type of bactericide?.
It should also not be used in conjunction with soap, due to incompatability
on the grounds of anionic and cationic antagonism. Use of high concen-
trations of quaternary compounds or those having excessive detergent
properties, leads to cracking and drying of the skin of teats and milkers’
hands. Hexachlorophene (G. 11) solutions are excellent for the purpose
of disinfecting the skin of teats* and, though fairly expensive, may be
used economically by using small amounts of freshly made solutions for
teat “sterilization” only and not for the whole udder.

For reasons outlined in other contributions, the whole process of
cleaning, drying and disinfecting the udder and teats should be completed
efficiently and expeditiously, if interference with *“let down” of milk is
to be avoided. Before finally applying the teat cups, a strip cup should be
used to test at least the first stream of milk from each teat for visible
abnormalities such as clots, strings, flakes, and blood. This is essential
in order that mastitis may be controlled and to ensure only good quality
milk to the consumer.

Assuming that the milking machine has been cleansed and sterilized,
milking may now proceed. Care should of course be taken that in applying
the teat cups they do not come into contact with the floor or any other
surface which may introduce contamination, and aspiration of foreign
material into the cup should be avoided.

After milking each cow, the cluster of cups should be dipped fre-
quently into Iuke warm water which is bacteriologically clean. Tepid
water is to be preferred to cold?, as the latter is inclined to solidify fat
particles. This water rinse is simply to disperse milk from the cups
mechanically, and afterwards immersion into a sterilizing solution at
about 110°F is used to “sterilize” the cups. Solutions of 100-200 p.p.m.
of available chlorine are excellent. Quaternary ammonium compounds
and hexachlorophene may also be used. Chlorine solutions should be
renewed as soon as they show evidence of cloudiness. A ten second
“sterilizing” dip is the minimum which may be accepted as reasonably
effective, immaterial of the nature of the disinfectant used, and this should
be followed by a ten second drip period before use on the next cow.
Whilst this procedure is reasonably effective, it will not sterilize in the
true sense of the word. The only known method in which this may be
achieved is by teat cluster “pasteurization”. Wilson! maintains that
mechanical brushing of teat cups in bacteriologically clean, warm water
is as effective as any efforts at chemical sterilization.

Where teat cup rubbers and liners are not in good physical condition,
rinsing and efforts at sterilization are correspondingly less efficient.

Releaser plant and other types of plant using extended pipelines.

The complexity and variation of these different plants make it
essential that the detailed procedure be appropriate to the specific plant.
However, the following broad outline of procedure! should be followed
in addition to any cleaning directions provided by the manufacturer.
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After every milking: Residual milk and external dirt should be
removed by brushing in cold or luke warm water; not less than 2 gallons
of fresh water should be drawn up through each teat cup assembly so that
a turbulent water flow through the plant is brought about. In circulation
systems the water should be renewed until it remains clear.

In place cleaning may then be effected by circulating a detergent
sterilizer solution at 160°F. for at least 10 minutes. Where there are
parts of the plant that do not become adequately exposed, they should
be dismantled and brushed in hot detergent sterilizer solution.

After cleaning or before the next milking, rinse the system with cold
water to which may be added 50 p.p.m. of available chlorine. Quaternary
ammonium compounds and hexachlorophene residues may thus be
removed to eliminate their gaining access to the final milk.

At least every 10 to 14 days such pipelines should be dismantled so
as to permit a hot brush rinse in detergent sterilizer. Glass and metal
parts may then be boiled or steamed, whilst rubber parts may be boiled
in a 2-59%, NaOH solution, which ensures a longer useful life. Especially
where rubber “sleeves’ are used to join glass or steel pipe sections, there
is ample opportunity for accumulation of milk residues. Rubber parts
should be renewed when they show cracks in the inner surfaces, and
alkaline treatment such as described for milking machine rubbers may
well be used to prolong their life.

CARE OF MILKING MACHINE RUBBERS

The rubber teat cup liners, claw tubes, milk lines, etc. of a milking
machine unit are made of hard, soft, natural, synthetic or mixed rubber
compounds. All are more or less susceptible to the three most important
factors which cause rubber to deteriorate viz. fats, light and stress. Ozone,
heat, bacteria and chemicals effect the rubber to a lesser degree.

" The care of milking machine rubbers is secondary only to the basic
design of the unit when the efficiency and durability of the machine is
considered. Neglect of rubbers leads to decreased useful life, poor milking
hygiene, contaminated milk, udder trauma, increased cellular content
of milk and even to mastitis®.

To operate efficiently, rubbers must retain their original shape and
size, remain resilient and elastic to maintain the correct positive and
negative pressures, retain the smooth gloss on the surface to facilitate
cleaning and sterilizing, and remain air-tight. Fat causes rubber to swell,
become porous, lose its elasticity and original shape and size. It leads the
way to roughness and cracks in which milk residues accumulate and in
which bacterial development not only adds to the bacterial count of the
milk but which encourages the bacterial decomposition of rubber and the
deposition of milk stone or detergent stone on the otherwise smooth
“milk” surfaces.
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For proper care of rubbers the following procedure is recom-
mended:? ¢

1. Have two sets of rubber which are used alternately and changed
and checked weekly.

2. Rinse out all rubbers immediately after use with warm water,
Cold water solidifies the fat particles,” whilst hot water coagulates the
milk protein.

3. Clean out the tubes with a detergent recommended by the manu-
facturer of the machine and use, if necessary, only a soft brush. Hard
and wire brushes score the surfaces and promote further deterioration,

4. Boil the rubbers in 59, NaOH solution for 15-20 minutes, re-boil
in clean water, drain dry and store in the dark in an extended position to
prevent “kinking” or other deformities developing—or “wet” store in a
1-29; solution of NaOH and boil in clean water immediately before re-
use.

5. Where hard waters are in use, lime deposits may result, and the
addition of calcium binding chemicals such as the polyphosphates may
be indicated. Otherwise, periodic soaking in weak acetic acid solution is
indicated. )

6. Do not steam rubbers in the stretched condition and do not dry
them in heat or in the sun.

7. Do not use greasy or fatty milking salves. Salves containing
lanolin, especially, are to be avoided.

8. Check rubbers periodically and discard those showing deteriora-
tion. Do not wait until rubbers leak before renewal.

9. Do not stretch rubbers during dismantling or assembly of the unit.
The use of glycerine facilitates assembly.

It is important to institute proper care of rubbers when they are new.
Absorbed fat cannot be removed from rubber using chemicals in the
ordinary way, although prolonged soaking in NaOH solutions will help
to some extent provided calcium binding chemicals are added to prevent
deposition of lime salts on the surfaces.®

Finally, it should be stressed that a milking machine is only as good
as its rubber parts, and these should be regularly examined for signs of
wear, cuts, hardness, cracks, swelling, water, or milk stone, etc. Faulty
parts must be replaced immediately.

SUMMARY

The efficiency of a milking machine as regards the production of good
quality milk, the maintenance of udder health and economy of milk
production depends largely on cleaning. The principles of hygienic
mitking and cleaning of the machine, with special reference to the rubber
parts, are outlined.
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and Mauritius.
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HELMINTH RESEARCH IN SOUTH AFRICA

I. SEASONAL INCIDENCE OF NEMATODE PARASITES IN
CATTLE IN THE NATAL COASTAL AREA

W. B. Hobbs*

INTRODUCTION

The survey on the seasonal incidence of nematode parasites was con-
ducted on cattle, as dairy farming is an important industry, whereas sheep
are scarce and relatively unimportant in the Natal Coastal area.

MATERIALS AND METHODS

(1) Dairy Herds.

The three herds selected were, (a) at Irvington in the Pinetown
District; (b) at Saxony and (c) at Ukulinga both in the Pietermaritzburg
District. Unfortunately there were not 25 calves under three months of
age on any of the farms so that older calves up to the age of 7 months
had to be included in the survey herds.

(2) Parasitological Examination.

Diagnostic procedures, with references to methods used are fully
described elsewhere.?

(3) Climatic data.

This was recorded daily, either on the farms themselves or in the
immediate vicinity.

Resurts
The period covered by the survey was as follows:
(a) Irvington: August, 1959 to February, 1961.
(b) Saxony: September, 1959 to October, 1960.
(c) Ukulinga: October, 1959 to February, 1961.

The results of the egg counts are illustrated in the histogram in figure
1. The highest mean egg per gram (e.p.g. count) of each respective

* State Veterinariah, P.O. Box 920, Durban.
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species is taken as 100%; the other counts are converted to percentages
of this maximum. Climatic data are also included in figure 1.
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Mean egg counts were considerably higher at Irvington than at

Saxony or Ukulinga. At Ukulinga egg counts were so low, that some
doubt exists of their value for survey purposes; they are merely included

for purposes of comparison.
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Seasonal incidence of species was as follows:

Haemonchus placei.

A. Irvington: Egg counts rose steadily to reach 60 %, of the maximum
in November, only to fall again with a sudden rise to their highest level
of 2,987 e.p.g. in February. Thereafter counts fell steadily until the end
of the survey period. As.calves approached 17 months of age, some of
them became negative and were discharged.

B. Saxony: Although egg counts were lower on this farm, similar
tendencies were observed. Counts rose in December and January only
to fall in February and March, followed by a sudden rise to their maximum
of 248 e.p.g in April. An equally sharp fall was observed at the next
sampling and counts remained low thereafter.

C. Ukulinga: From a mean maximum of 35 e.p.g. in October, counts
fell to half this level at the next sampling, only to rise again 2 weeks later,
followed by a further fall and then they rose. until January. From this
time until the following August egg counts fell steadily, only to rise
gradually until October and then fell until the end of the survey period.

Cooperia spp. (C. pectinata and C. punctata).

A. Irvington: From a mean maximum 337 e.p.g., in August, counts
fell to a low level in October, rose again in February and fell steadily
thereafter throughout the rest of the survey. As calves reached an average
age of 8 months Cooperia spp., although still present, were of very little
significance.

B. Saxony: Marked fluctuations in egg counts were noted. After
an initial rise followed by a marked fall in October, egg counts rose
steadily until December only to fall gradually until February, when an
isolated peak of 909 of the maximum was recorded. In April the highest
count of 183 e.p.g. was reached and after falling almost to zero for six
weeks, counts shot up again to 809, to fall as dramatically thereafter and
remain at a low level. At the last sampling they rose again to 50% of
the maximum.

C. Ukulinga: After remaining at a low level until May counts rose
gradually to a peak of 132 e.p.g. in August.  The general trend was a
gradual decrease until the end of the survey, although this fluctuated
somewhat with minor peaks in October and November respectively.

Oesophagostomum radiatum.

This species was absent on all the farms until November when the
following trends were noted:

A. Irvington: There was a fairly steady rise to a peak of 208 e.p.g.
in February and a fall to about half this level in March. Thereafter it
gradually fell until the end of the survey.

B. Saxony: Counts rose steadily to about 75% of the maximum in
January, falling to half this level in February and rising to the same
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level again at the next examination. In the autumn and winter, apart
from two marked troughs in April and June, egg counts remained fairly
constant, rising to a peak of 25 e.p.g. in August. From that time onwards

counts fell.

C. Ukulinga: After rising to 809 of the maximum in January egg
counts fell steadily throughout the autumn, rising sharply in May to
reach a mean maximum of 26 e.p.g. in June. After falling to almost nil
in September a sudden rise to the 909, level was recorded in November;
the counts thereafter fell to reach a very low level in January.

Trichostrongylus spp.

A. Irvington: The counts rose very slowly and steadily to reach a
peak of 102 e.p.g. in August, eleven months after the survey started;
followed by a gradual fall until the end of January.

B. Saxony: With the exception of an isolated peak in February,
similar trends were noted to those at Irvington, egg counts reaching a
peak of 28 e.p.g. in July. Thereafter counts fell until the end of the survey.

C. Ukulinga: The rise and fall in egg counts were very similar
to Irvington; a peak of 26 e.p.g. occurring in July.

Bunostomum phlebotomum.

A. Irvington: From a mean maximum of 17 e.p.g. in August, the
level of infestation fell throughout the summer to rise steadily to half the
maximum in May. Thereafter counts fell steadily to disappear entirely
from November onwards.

B. Saxony: Egg counts were recorded for the first time in October,
rising suddenly in December and steadily increasing to a mean maximum
of 14 e.p.g. in March; thereafter egg counts fell until the end of the

survey.
C. Ukulinga: This species was absent.

Prevailing Climatic Conditions.

Climatic data were recorded and are included in figure 1. It will be
noted that the mean maximum temperatures exceeded 20°C. Mean
minithum temperatures only fell below 10°C. in winter, which coincided
with the period when little or no rain fell.

Discussion

The discussion must be limited to statements of a general nature.
The survey period was not more than 17 months on any farm, nor, with
the exception of Irvington, were worm burdens heavy enough to warrant
the drawing of conclusions. None-the-less certain patterns in the seasonal
incidence of the various parasites were noted.

Haemonchus placei was the most prevalent summer parasite, but as
calves reached an average age of 17 months, it assumed a very minor
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role. At Irvington Cooperia spp. were at their highest levels in calves
3 months of age. On the other two farms, this was not the case, nor could
any seasonal trends be noted. On the other hand O. radiatum was only
really important in calves older than 9 months of age and remained at
fairly constant levels thereafter. Trichostrongylus spp. were winter para-
sites. The level of infestation of B. phlebotomum was too low to be of
any significance.

In many ways the results of these trials confirm the observations of
Roberts? and Roberts, O’Sullivan and Riek3. In Queensland, Australia,
where these workers carried out their trials, climatic conditions and animal
husbandry methods are similar to those in Natal. It is therefore reasonable
to assume that somewhat similar seasonal incidence trends in the worm
burdens may occur.

Before this hypothesis can be substantiated, considerably more work
will have to be done on stock with heavier worm burdens.

An interesting observation not mentioned in the results was noted
at Irvington. The calf rearing methods were poor but the standard of
feeding was high. No calf was treated with anthelmintics unless the egg
count exceeded 6,000 e.p.g. This was found necessary in only a few calves
on the farm. It appears that where worm burdens are not excessive, good
feeding can control the effects of normal worm burdens.

SUMMARY

1. Haemonchus is the most important worm in the Pinetown and
Pietermaritzburg areas and is prevalent in Spring and Summer.

2. Cooperia is common in calves up to the age of 10 months, but
of little consequence thereafter; it is an early summer parasite.

3. Oesophagostomum is only of consequence in calves over the age
of 9 months.

4. Trichostrongylus is a parasite of calves during the late winter.

5. Calves over the age of 20 months, that have been exposed to prior
infestation have a strong acquired immunity to all species, with the pos-
sible exception of Oesophagostomum.

6. Where egg counts remained below 6,000 e.p.g., good feeding
provided sufficient control of the nematode parasites encountered.
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HELMINTH RESEARCH IN SOUTH AFRICA

I1. SEASONAL INCIDENCE OF NEMATODE PARASITES OF
SMALL STOCK IN THE GRAHAMSTOWN AREA

L. W. Rossiter*

INTRODUCTION

The work done here during the past year is part of a Union-wide
survey which is being conducted to determine:

(a) the species of internal parasites affecting small stock in the area,
and

(b) the seasonal incidence of the main species involved.

It was felt that our knowledge of these fundamental facts was inade-
quate for the intelligent application of control measures.

This area is one of considerably diversified relief and topographically
may be divided into three regions, (i) the Fish River Valley to the
north, (ii) a tract of ridges and valleys in the centre, and (iii) a coastal
peneplain. It is also peculiar in that it lies in the zone of approximately
equal summer and winter rainfall. In some years the winter rainfall is
slightly higher than the summer rainfall but, in general, there is a balance
in favour of the summer rainfall. The average annual rainfall varies from
25 in. to 15 in. and is in the nature of soft steady rains. Storms are un-
common but mists are fairly frequent along the hills, especially in summer,
when they blow inland from the sea. It is further peculiar in that it is also
the meeting ground of three very distinct Floras, viz., the South-Western
Cape Flora, a subtropical Flora from Natal, and the Karoo Floral. It
may also be mentioned in passing that this area has been experiencing an
unprecedented drought for the last seven years.

Three farms were chosen, one in each of the three regions, viz.:

(a) “Steynsrust” in the Bathurst district, some four miles inland
from Port Alfred. The veld consists of mixed to sweet grass. Here 25
Merino ewes and 10 Boer goats were kept but the latter were withdrawn
from the experiment.

(h) “Rockhurst” in the Albany district, some 26 miles to the North
of Grahamstown towards the dry Fish River Valley. The veld consists
of Semi-Karoo and Karoid Scrub. Here 25 Merino ewes were kept.

(¢) “Kudu Estates”, also in the Albany District, some 45 miles due
west of Grahamstown below the northern slopes of the Zuurberg Range.
The veld consists of mixed to sweet grass to semi-Karoo with Karoid
scrub. Here 25 Angora goat ewes and later 10 kids were kept, but the
observations on the latter are incomplete.

* Senior State Veterinarian, 2 Prince Albert Street, Grahamstown.
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MATERIAL AND METHODS

The survey was commenced at the end of 1959 (March, 1960 on
Steynsrust). The sheep or goats were kept separately in small dry camps,
where the stocking rate was lower than on the farm concerned; faeces
were collected from each animal at fortnightly intervals. Egg counts were
made.

The techniques used are described elsewhere?.

RESULTS

The results are depicted histographically in figure 1 for Steynsrust,
Rockhurst and Kudu Estates. The highest mean egg per gram (e.p.g.)
count is expressed as 1009 for each species, and the fortnightly incidence
as a percentage thereof.
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The four main species are Haemonchus contortus, Trichostrongylus
spp., Oesophagostomum columbianum and last but by no means least,
Ostertagia spp. In spite of the great diversity of climate, topography and
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veld in respect of these three farms, a pattern more or less common to all
three for both sheep and goats is seen to emerge from a study of the

histographs.

(a) Haemonchus contortus: There is a summer to autumn rise in
both sheep groups and a distinct fall during the winter, followed by a
rapid rise in early spring reaching its peak in September and October,
when it was found necessary to control it by drenching with Neguvon A*
on no less than two occasions on Steynsrust. In goats, however, there is
an insignificant summer to autumn rise, with no marked fall in winter
but with a rapid spring rise as in the case of the sheep.

(b) Trzchostrongylus Spp.: In sheep there is a small rise in autumn,
followed by a bigger rise in spring, reaching its peak in Qctober and
November. In goats, however, there is an insignificant rise in summer with
a rapid rise in winter and spring, reaching its peak in August and Septem-
ber, followed by a rapid fall in late spring, presumably after dosing.

(c) Oesophagostomum columbianum: There is a slight difference
evident between the two sheep flocks. On Steynsrust apart from an
insignificant rise in autumn and winter, there is a rapid rise in spring
which reaches its peak in November and December. On Rockhurst,
apart from a slight rise in autumn, there is a steady rise in winter, which,
with minor ups and downs, reaches a peak in summer, i.e. January and
February, a month or two later than the other flock. In goats there is no
significant rise except when it shoots up rapidly in sprmg (September)
and just as rapidly falls, presumably after dosing.

(d) Ostertagia spp. In both sheep flocks there is a distinct rise in
autumn (February, March and April) followed by a sharp drop in winter
but with a very rapid rise in early spring. In goats there is also an autumn
rise, with a fall in winter, followed, as in the sheep flocks, by a rapid rise
in spring.

Nematodirus spp., as reflected in the e.p.g. counts, are always present
in the adult sheep and goats, but more especially in the lambs and kids:
this agrees with the observations of Tetley? and Thomas®. They reach
their peak during January and February.

DISCUSSION

It will be observed that in general the e.p.g. counts are low; this
however does not detract from the information so obtained as to the
seasonal cycle of these nematodes. As has already been mentioned, the
stocking rate in the camps was low and the rainfall below normal, asso-
ciated with periodic heat waves. The combination of these factors severely
limited the number of free living stages and hence the level of infestation.
It was found on other properties during the course of this survey that
where sheep are kept at higher stocking rates than in our paddocks, where
artificial pastures are grazed and especially so when irrigated, the balance

* Neguvon A: A proprietary preparation consisting of “Neguvon” 10 parts and
“Asuntol” 1 part which is used as an anthelmintic in S. Africa.
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is grossly disturbed and the e.p.g. counts may soar to dangerous levels.
As Gordon? so succinctly puts it: ‘““Haemonchosis is a disease of the
warmer months depending basically on the effects of temperature on the
free living stages” and to this one may add: “also depending on rainfall.”

The temperature at Steynsrust, which incidentally is a frostfree area,
varies from a mean maximum of 23.3°C. to a mean minimum of 12.7°C.,
with an average of 18.0°C. The monthly average is only below 18.3°C.
(65°F.), which is the lowest mean temperature for the development of
the free living stage of this species, for the months of May to July, (Dina-
berg as quoted by Gordon?).

At Rockhurst and Kudu Estates frosts are not unknown and the
average of the first and last frosts occur on 16 June and 5 August re-
spectively, but the mean maximum temperature is considerably higher
(25.3°C.) which leads to a certain amount of desiccation of the dung and
hence a marked mortality of the free living stages.

Rain, especially in excess of 18 mm., gives an impetus, particularly to
Haemonchus, and this is clearly shown in fig. 1 where such rains fell on
4 January, 7 March and 20 November. The figure of 18 mm. is mentioned
because it is rain of 18 mm. or more that releases the larvae from the dung
pellets and allow$ their subsequent migration in the soil and hence to the
vegetation.?

Gordon? states that the cooler months are more favourable for
Trichostrongylus spp. This was so in goats at Kudu Estates, but both
sheep flocks showed their peak during summer, i.e. October to December;
this is perhaps owing to the fact that the nutritional level of the sheep was
at its lowest during these months due to the summer decline of pastures.

Oesophagostomum columbianum is normally a cold weather parasite
in spite of the fact that infection probably occurs during the warmer
months. In goats it did reach its peak of infestation in winter but in the
two sheep flocks the peak infestation appeared in spring and summer.
It is difficult to speculate on the cause of this phenomenon but it is possible
that the severe drought in winter had an adverse effect on the free living
stages, as they are more susceptible to the adverse effects of temperature
and moisture than the others already dealt with. The result is that the
parasite is carried over to the spring and summer months.?

Ostertagia, whilst low under the conditions in which the experimental
sheep and goats were kept, has shown itself on other properties to be one
of the most important nematodes affecting small stock in this area. It
causes a very rapid decline in the general health of its host. Both in sheep
and goats it reaches its two peaks (in summer and early spring) a month
or two at least before the peaks of Haemonchus infestation.

STRATEGIC DRENCHING

This survey has provided fundamental knowledge which hitherto was
sadly lacking. In spite of the fact that this knowledge is by no means
complete and the experiments will have to be repeated, it does provide
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sufficient data on which to base a dosing programme. As Gordon?
states: ““‘Sheep should be well fed at all times and drenched with the
right drench at the right time and in the right way.”

It is obvious that early spring, summer and autumn are particularly
dangerous periods of the year and strategic drenchjng, i.e., treatments
based on the seasonal fluctuations in worm burdens in sheep, should be
applied as follows:—

Drench no. 1 in July to control the early spring rise of Ostertagia spp. ‘
Drench no. 2 in August to forestall the spring rise of H. contortus.

Drench no. 3 in September to prevent the late spring rise of Tricho-
strongylus spp. and O. columbianum.

Drench no. 4 in December aimed especially at forestalling Ostertagia
spp. and also O. columbianum.

Drench no. 5 in March to control the autumn rise of all four species.

In goats it would appear as if only three strategic drenchings are
necessary, viz.:—

Drench no. | in July aimed essentially against the early spring rise
of H. contortus and Trichostrongylus spp.

Drench no. 2 in August to prevent the spring rise of O. columbianum
and Ostertagia spp.

Drench no. 3 in January to forestall the summer rise of Ostertagia
spp.

In sheep, drenches nos. 3 and 4 should most definitely be microfine
phenothiazine, whilst Neguvon A is indicated in the others. In goats
Neguvon A is not safe and phenothiazine should be used. Many of the
older remedies should find no place in the armoury of the modern sheep
or goat farmer for adult stock. Some of the older remedies are, however,
still useful for the treatment of tapeworm in lambs and kids.

Apart from these strategic dosings, there are the socalled tactical
drenchings, i.e. three weeks after a rainfall of 18 mm. or more has been
recorded. It may even be possible to combine some of the tactical drench-
ings with one or more of the strategic drenches and thus minimize handling
of the flock.

SUMMARY
1. The seasonal cycles of the four main nematode parasites in the
Grahamstown area have been determined.

2. The four species are Haemonchus contortus, Oesphagostomum
columbianum, Trichostrongylus spp. and Ostertagia, spp.

3. A dosing programme for both sheep and goats is given.
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HELMINTH RESEARCH IN SOUTH AFRICA

III. THE DIAGNOSIS OF NEMATODE PARASITES IN RUMI-
NANTS FOR WORM SURVEY PURPOSES

R. K. Reinecke*

INTRODUCTION

Taxonomically the helminths of domestic ruminants are fairly well
known, but very little is known of their geographical distribution, seasonal
incidence, host-parasite relationships, the effects of climatic factors or
husbandry methods on their incidence and so forth. In attempts to clarify
the situation, a survey of the nematode parasites of domestic ruminants
was started in 1958 in various centres in South Africa. Preliminary
reports on the results of this survey have been published? 5 12 with brief
references to the methods used. This paper deals with the diagnostic
procedures in more detail.

EXAMINATION IN THE LIVE ANIMAL: FAECES EXAMINATION

At present faecal examination for worm eggs is the method of choice.
In time serological and allergic tests will undoubtedly be of value in
determining worm burdens, but these techniques have not yet been per-
fected sufficiently to replace faeces examination.

EQUIPMENT REQUIRED

(a) For sampling:
1. A twenty ml. test tube with a window cut into the blind end, or a
copper tube of similar dimensions (as illustrated).

2. Collecting bottles.

(b) For preparation of the faeces emulsion:
1. A balance to weigh accurately in grammes, e.g. triple beam balance.
2. Forty per cent sugar solution.
3. An electrically operated blender.

4. Hundred ml. stout glass jars—one-quarter-pint milk bottles may
be used—with rubber cork.

5. Ball bearings of about 5 mm. diameter.
6. Amyl alcohol.

* Section of Helminthology, Onderstepoort Laboratories, South Africa.
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(c) For making egg counts:
1. Wide-mouthed pipetteé of 5 mm. diameter.
2. McMaster slides (as illustrated).
3. Microscope with low power magnification (20-25 diameters).

D
A~

e——- 3CM —

a
* 75 CM. »
Al""‘l
k-1cMA ' T
T, -
25 CM| E) 17 CM
: |
V. i’
— ) _-"'T
: d || I Jl . [-5MM

b

Fig. 1—(a) Sampling tube. (b) McMaster slide—top and side views. The square
centimetres are engraved on the lower surface of the cover slide.

(d) For preparing larval cultures:

1. Heavy glass jars, = 3 cm. diameter and 2 cm. high, e.g. rouge
jar, which fit fairly snugly into

2. larger glass vessels, 5 cm. diameter and 4-5 cm. high, with screw
caps.

3. Plastic wash bottle.

4. Vermiculite.

5. Incubator.
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(e) For identifying larvae:
1. Forceps.

. Labelled test tubes.

. Pipette.

Lugol’s iodine.

PRV

Microscope as above.

TECHNIQUE

(a) Egg Counis

The method used is a slight modification of the McMaster egg
counting technique of Gordon and Whitlock.?

1. In sheep and goats, faeces are collected by inserting the sampling
tube into the rectum. The faecal pellets fall through the tube into the
collecting bottle. A 10 to 15 gm. sample is adequate. Defaecation may be
stimulated in sheep and goats by inserting the finger into the rectum and
rapidly rotating the finger for about 15 to 30 seconds. In calves it can be
brought about by inserting two fingers into the rectum, spreading the
fingers and slowly withdrawing them through the anus. In cattle 30 gm.
faeces should be collected.

2. After mixing, the faeces are weighed off: 2 gm. in the case of
sheep and goat faeces and 4 gm. in the case of calf faeces. The 40%;
sugar solution is added: 58 ml. to the sheep or goat faeces and 56 ml.
to the calf faeces. The faeces are emulsified in the blender and placed
in the 100 ml. glass jar or quarter pint milk bottle with six to ten ball
bearings. The bottle is corked and shaken for 2 minutes.

3. Four to five drops of amyl alcohol are added to break air bubbles
in the emulsion. The bottle is corked, shaken for a few seconds and the
requisite amount of the emulsion transferred to a counting chamber of the
McMaster slide by means of the wide-mouthed pipette. The vessel is
again corked and the procedure repeated, each chamber of the McMaster
slide being filled separately until six chambers have been filled for each
specimen.

4. The slide is allowed to stand for 2 minutes to allow the eggs to
rise to the surface, and then examined microscopically with maximum
light under low power. All the eggs in the 10 mm. square on the lower
surface of the coverslip are counted: these represent the eggs in 0.15 ml.
of the emulsion. Strongyloides and Nematodirus eggs are counted sepa-
rately. After counting the total number of eggs in six chambers the num-
ber of eggs per gram of faeces is calculated as follows:

Sheep and goats: Total No. of eggs X 29¢ — eggs per gram of faeces.

Cattle: Total No. of eggs x 13° = eggs per gram of faeces.

Since eggs are difficult, if not impossible, to identify with certainty,
cultures are made and the larvae identified.

169



(b) Larval Culture
Whitlock’s culture technique!?is used, which is briefly as follows:—

1. The culture is made in the small glass jar. About 10 gm. faeces
are broken up manually and the jar filled. If very dry, a little water is
added from a plastic wash bottle. As cattle faeces are usually very moist,
a little vermiculite is mixed with the faeces, until the consistency ap-
proaches that of moist sheep faeces. Furthermore, two cultures are made,
as cattle are frequently lightly infested.

2. The jar is placed in the slightly larger vessel. Water is added to
the outer vessel until it reaches the brim of the inner one. The lid of the
larger vessel is screwed on, the jar labelled, and incubated for eight to
nine days at 27°C.

3. The inner container is removed with the forceps, and the water
remaining in the outer jar, which contains the larvae, is transferred to a
labelled test tube. The larvae are allowed to settle for 20 minutes, a drop
of the sediment is transferred to a glass slide, the larvae are killed with a
drop of Lugol’s Iodine or by heating the slide and identified microsco-
pically under low power.

(¢) Larval Identification

The keys drawn up by various authors are used to assist in larval
identification.t 2 ¢ 9 At least 100, but preferably 200 larvae aie counted
and the different species noted on a percentage basis. Hand tally counters
are of great assistance in carrying out these counts. Strongyloides and
Nematodirus larvae, if present, are ignored.

(e) Differential Egg Counts

After carrying out total egg counts and identifying the larvae on a
percentage basis, conversion to egg counts is a relatively simple matter,
as shown in the example in Table 1.

TABLE 1

An Example of Differential Egg Counts on Sheep Faeces

Species Original egg per gram counts
Nematodirus spp...................... 33+
Strongyloides spp...................... 366*
All other nematode eggs............... 10,000
Conversion
Larval culture results expressed in percentages to eggs
per gram
Haemonchus contortus. ... ...........cccuoveuvieiiin. 67% 6,700*
OStertagia spp.. .. .....coueeen e, 129 1,200*
Trichostrongvlus SPP... ... v, 15% 1,500%
Oesophagostomum columbianum. ..................... 6% 600*
100 10,000

*Final result of the differential egg count.
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) Differential Egg Counts on a Flock or Herd Basis

At present there are six centres where the worm survey is being carried
out. The procedures followed, are shortly as follows:—

1. Flocks or herds are selected on three farms in the district, with
conditions of animal husbandry that vary but are none the less represen-
tative of the district.

2. Climatic data are collected throughout the survey and attempts
made to correlate this information with worm burdens, e.g., the sudden
rise in egg counts after well distributed rains.

3. Twenty-five animals are regarded as representative of a flock or
herd. This figure was arrived at after conducting a trial on 150 animals,
which were divided at random into 6 groups of 25 sheep each. The mean
egg count in each group was very similar to the average egg count for the
whole flock. In fact, in only one group did the mean egg count vary
by as much as 209 from the flock average.

4. On sheep farms 25 ewes and 25 lambs are selected for the survey
flocks. 1n cattle herds 25 calves between 3 and 24 months of age are used.
Most animals lose their worm burdens at 2 years of age and are replaced
by calves under 3 months of age.

5. Every two weeks each individual animal in the survey flock or
herd is sampled. Mean differential egg counts for the respective groups
are estimated from the collected data and these are regarded as represen-
tative of the flock or herd.

COMMENT

Muller!® has quoted other workers to confirm his observations that
egg counts vary from day to day. Roberts!! has shown that although high
egg counts indicate heavy worm burdens in young susceptible animals,
low egg counts do not necessarily indicate the reverse. However, egg
counts are not entirely without value, particularly when taken regularly
over a period of years. Trends can certainly be observed and differences
between age groups noted. With all their shortcomings, they are certainly
more reliable than any other technique for assessing worm burdens in
live animals.

POST-MORTEM EXAMINATION
TECHNIQUE

The procedure at autopsy is shortly as follows:

1. The gastro-intentinal tract throughout its length is examined for
worms. A macroscopic examination of the oesophagus and fore-stomachs
is carried out and the rest of the gastro-intestinal tract divided into 3
parts:—

(i) the abomasum;

(i1) the small intestine;

(iii) the caecum, colon and rectum.
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The advantage of separating this part of the gastro-intestinal tract into
three sections, is to assist in the identification of the worms, which are for
the most part specific for their localities.

2. The ingesta of each part is sieved separately and in the case of the
abomasum and small intestine, passed through two sieves of 44 meshes to
the linear inch and 100 meshes to the linear inch respectively. The sieves
are fairly large and a strong stream of water is used to wash out the fine
ingesta. The sievings are placed in separate labelled jars to which 10 ml.
of 109, formalin are added.

3. Herlich’s* technique is used for the digestion of the gut. The
three parts of the gut are placed separately in a freshly prepared solution
consisting of 10 gm. pepsin, 30 ml. concentrated HCI in a litre of water.
The pH is adjusted to below 2 by the addition of more HCI if necessary;
200 ml. of this solution are added to each 100 gm. of gut and incubated at
37°C. overnight.

4. The material is sieved through a 200 mesh sieve; the sievings
containing immature and adult worms are collected in glass jars to which
4 or 5 ml. of 109 formalin are added.

5. Total worm counts of each genus are made by examining aliquots
of the ingesta and digested gut under a dissecting microscope. Generic
identification of the third and fourth stage worms is carried out with the
assistance of Douvre’s Key!. If many worms of the same genus are present,
60 to 100 adult males are examined microscopically and the number of
each species present expressed as a percentage of the total.

6. The abdominal cavity, lungs and liver are examined for worms.
Where Coenurus cerebralis is suspected the brain is also examined.

PosT MORTEM EXAMINATION FOR SURVEY PURPOSES

Regular autopsies throughout the year are of great value for survey
purposes. The ideal is regular slaughtering under controlled conditions
with thorough examination of the worms collected. An example is quoted
below:

The object of the experiment was to determine the worm burdens
in sheep from the age of eight weeks to two years, at the Outeniqua
Experimental Farm, in the George District. Lambing takes place in the
spring and the experiment commenced in September, 1960. Two eight
week old lambs and two yearlings were slaughtered; every fortnight
thereafter a further 2 lambs and 2 yearlings were slaughtered and the
experiment will continue for a year. Complete autopsies, using the tech-
niques already described, are carried out. Egg counts on two flocks of
lambs and yearlings on the same farm are being carried out for compara-
tive purposes.
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COMMENT

Critical slaughter trials confirm the presence and severity of adult

worm burdens and are the only accurate indication of the immature worm
purdens. The data of more than 50 analyses per age group over a 12
months’ period will provide critical evidence of the seasonal worm bur-
dens. This will also indicate how much reliance may be placed on regular
differential egg counts.
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HELMINTH RESEARCH IN SOUTH AFRICA

IV. FIELD TRIALS ON THIABENDAZOLE* (M.K. 360) AS AN
ANTHELMINTIC FOR SHEEP; WITH A NOTE ON THE ASSESS-
MENT OF DIAGNOSTIC METHODS

G. L. Mullerf

INTRODUCTION

Recently Brown et al! reported the discovery of a new class of
anthelmintic agents possessing a broad spectrum of activity for gastro-
intestinal helminths of domestic animals. The most outstanding anthel-
mintic was 2—(4'-Thiazolyl)—benzimidazole (generic name: thiaben-
dazole). The structural formula and other relevant data of a chemical
nature are reported by these authors. It was decided to test this anthel-
mintic under field conditions at the Outeniqua Experimental Farm,
George, Cape Province. This paper describes the results of these trials.

METHOD

Seventy-eight (78) sheep of varying ages (yearlings and mature ani-
mals) were divided into three groups of 25, 25 and 28 respectively. Using
the modified McMaster technique, faecal egg counts of all three groups
were determined every day for five days prior to dosing day (D-day).

TABLE 1

Average e.p.g. Count for Sheep—Prior to treatment

Group 1 Group 2 Group 3
25 sheep 25 sheep 28 sheep
Date
Nem. | Strong.| Cther | Nem. | Strong.| Other | Nem. | Strong.| Other
15.11.60 — 3 1,390 | — 27 2,290 | — — 610
16.11.60 3 30 1,781 1 9 1,827 [ — — 675
17.11.60 — 33 1,709 | — 9 2,045 | — — 1,623
18.11.60 — 38 2,227 6 18 2,501 3 — 1,822
19.11.60 4 4 576 — 9 1,068 3 3 579
Mean 1 21 1,536 1 14 1,946 1 1 1,062

Key: Nem.—Nematodirus.
Strong.—Strongyloides.
Other—All other nematode strongyles.

* This drug was kindly supplied by Merck, Sharpe and Dohme under their Code
Number M.K. 360.
¥ Senior State Veterinarian, Mossel Bay.
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Not only were faecal egg counts made, but after incubation of faecal
samples, a larval determination of the nematode strongyles present in the
gastro-intestinal tract was carried out.

TasLE 11
Average e.p.g. Counts and Larval Differentiation Eleven days before Treatment.

Larval Differentiation on

e.p.g. Counts a percentage basis
Nem. |Strong.| Other |Haem.| Oes. | Bun. | Trich.| Ost. |Chab. | Coop.
Group 1 — 33 | 1,709 22 — 11 61 1 5 —
Group 2 | — 9 2,045 23 1 5 60 1 10 —
Group 3 — — (1,623 13 | 29 54 1 2 —
Key: Haem. — H. contortus

Oes. — OQesophagostomum spp.

Bun. — B. trigonocephalum.

Trich. — Trichostrongvlus spp.

Ost. — Ostertagia spp.

Chab. — C. ovina

Coop. — Cooperia spp.

The preliminary counting of the number of eggs per gram of faeces
(e.p.g. counts) was conducted from the 15th to the 19th November, 1960.
On 28 November, 1960, the animals were weighed individually and
treated as follows:

Group 1 (25 animals) was dosed per os with a suspension of thia-
bendazole at the rate of 50 mg. active ingredient per kilogram live weight.

Group 2 (25 animals) received 100 mg. active ingredient of thia-
bendazole in suspension per kilogram liveweight.

Group 3 (28 animals) remained as undosed control group.

Group 1 and 2 had received a predosing stimulant of 4 ml. of a
109 solution of copper sulphate.

Both prior and subsequent to dosing, all 78 animals were grouped
together as a single flock and grazed with the rest of the sheep on the farm
under the normal husbandy methods practised.

For three days subsequent to dosing, five animals out of each of the
three groups were bagged and the faeces collected at 24-hour intervals.
Every seven days after being dosed for a period of three weeks, faecal
samples were collected from all the animals of each group and e.p.g.
counts were made.

TaBLE 1II.
Average e.p.g. Count per Sheep—Post-dosing.
Group | Group 2 Group 3
50 mgm./kg. [00 mgm./kg. Controls
Date
Nem. | Strong.| Other | Nem. | Strong.| Other | Nem. | Strong.| Other
5.12.60.. ... 40 39 9 24 79 965
12.12.60... .. 53 9 1 ]1,032
19.12.60.. ... 59 33 340
Mean....... 13 50 3 22 26 779

On 5.12.60, i.e. seven days after dosing, larval determination of the
genera present was also carried out.
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TABLE 1V
E.p.g. Counts and Larval Differentiation — Post-dosing. 5.12.60

e.p.g. Counts Larval Differentiation
Nem. (Strong.| Other [Haem.| Oes. | Bun. |Trich.| Ost. |Chab. | Coop.
Group 1* 40 39 266 5
Group 2* 9 24 188 4
Group 3t 79 965 36 34 24 6
* =Total larval count. T==Average percentage differentiation.

On 4.1.61 the animals were all weighed individually.

RESULTS

Table [ shows a mean predosing e.p.g. count for Group 1 of 1,536,
for Group 2 of 1,946, and 1,062 for Group 3.

Faecal examination after dosing at weekly intervals for 3 weeks
showed a marked drop in the mean e.p.g. counts of the treated groups,
viz. from 1,536 to 50 in Group 1; 1,946 to 22 in Group 2, while the
undosed controls continued to show a relatively high mean of 779.

The examination of the facces collected by bagging had to be aban-
doned as the result of stafl problems and the results of the few specimens
examined were inconclusive.

An assessment of the efficacy of the drug against the various genera
present is obtained by comparing Tables II and V.

In Table V the average weight per sheep and the weight gain per
sheep are indicated.
TABLE V.

Weight gains of individual groups—Average per sheep.

Group 1 Group 2 Group 3
Predosing weight............... 83.51b. 86.1 1b. 121.9 1b.
Post-dosing weight............. 91.51b. 91.7 1b. 127.5 1b.
Weight gain per sheep.......... +4-8.0 1b. +5.61b. +5.61b.

Discussion

Despite the fact that the daily faeces collections were made at the
same time (9 a.m.) each day, a considerable variation in the daily e.p.g.
counts of each animal was encountered. This phenomenon has been
commented on by Gordon?.

Within 7 days after dosing the mean egg per gram counts dropped
from the high levels of 1,536 and 1,946 for the test groups to 50 and 22
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e.p.g. respectively. The undosed Group 3 (controls) showed considerable
fluctuations in the daily mean e.p.g. counts, but not the spectacular drop
common to Groups 1 and 2.

The larval determination (Table IT) shows the presence of the majority
of nematode strongyles with the exception of Cooperia spp., although
Oesophagostomum spp., and Ostertagia spp. are poorly represented to
the extent of 1% in both genera.

Post-dosing incubation of faeces samples on 5.12.60 produced mainly
Bunostomum larvae with a very limited number of Trichostrongylus spp.
(Table 1V). It is therefore apparent that thiabendazole caused the com-
plete disappearance of the eggs of Haemonchus contortus, Qesophagosto-
mum spp., Ostertagia spp., and Chabertia ovina. Whereas Trichostrongylus
spp., in the pre-dosing samples had been present in all three groups on an
average of 589, or a mean conversion total of 1,005 larvae (Table II),
the post-dosing examination of incubated faeces gave a total of only 9
Trichostrongylus spp. larvae from Groups 1 and 2, while Group 3 still
showed that 249 (or 232 by conversion) of the larvae present were
Trichostrongylus spp. It is apparent, therefore, that thiabendazole is very
effective against all the nematode helminths of the gastro-intestinal tract
with the exception of Bunostomum trigonocephalum.

The question whether the disappearance of eggs, as shown by the
faecal counts (Table III) subsequent to dosing, is the direct result of an
elimination of the affected nematcdes, cr whethker it is tke result of a
suppression of the egg-laying capacity of tke fcmales, cannot te answered
by the examination of facces alone. The answer would have to te sugplied
by conducting fairly large scale critical slaughter tests when a minimum
of 10 sheep per group should be slaughtered.

It is claimed by Brown er a/.' that at dosage rates of 50 mg./Kg.,
959% of worms of ten genera (Trichostrongylus, Cooperia, Nematodirus,
Ostertagia, Haemonchus, Oesophagostomum, Bunostomum, Strongyloides,
Chabertia, Trichuris) were removed in sheep. These trials did not support
their claim for the efficacy against Bunostomum, within the limits of the
egg counting technique.

An examination of the literature shows that, within recent years, a
number of drugs have been tested for anthelminthic efficacy, e.g. by
Gordon?3, Herlich and Porter, Meldal-Johnson ef al.5, Reinecke and
Schutte®, Riek?, Riek and Keith®, Stampa,® !® Thorold er al.* The
majority of these tests, with the exception of those carried out by Herlich
and Porter?, have been based on the examination of faecal egg counts.
The trials conducted by Herlich and Porter have been based on critical
slaughter tests.

As previously stated, Gordon? has commented on the variable faecal
e.p.g. counts and this phenomenon has again been demonstrated by the
e.p.g. counts of the 78 animals recorded on successive days in this experi-
ment. The fluctuations of the e.p.g. counts detract considerably from
the value of such methods of assessment. Further doubts as to the value
of faecal e.p.g. counts as a criterion of the number of helminths present
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were raised during the course of slaughter tests in an epizootiological
project being conducted by the author. Whereas a number of animals
had shown remarkably low faecal e.p.g. counts with corresponding low
larval counts, such animals, on slaughter, had shown considerable numbers
of nematodes to be present in the gastro-intestinal tract. To assess the
value of any anthelminthic, it is essential that large scale critical slaughter
tests should be carried out, as by this method the only logical evidence can
be presented as. to the efficacy of the anthelminthic.

No untoward reactions were observed in any of the animals dosed
with thiabendazole, so that, at the indicated dosage range, the drug
appears to be reasonably safe.

CONCLUSIONS

The results of the tests, described above, indicate that thiabendazole
is an anthelminthic of very high efficacy against all the gastro-intestinal
nematodes present with the exception of B. phlebotomum. These results
warrant field trials and critical slaughter tests on a larger scale.

SUMMARY

1. Two groups of sheep (25 each) were dosed with 50 mg./Kg. and
100 mg./Kg. of active ingredient of thiabendazole respectively, with a
third group (28 animals) acting as undosed controls.

2. The results obtained by faecal e.p.g. counts and larval differentia-
tion indicate a high value as an anthelminthic drug against most gastro-
intestinal nematodes with the exception of B. phlebotomum.

3. The value of faecal e.p.g. counts as a criterion of anthelminthic
efficacy is doubtful and critical slaughter tests are advocated as the only
logical method of assessment.
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HELMINTH RESEARCH IN SOUTH AFRICA

V. ECHINOCOCCUS IN SOUTH AFRICA

Anna Verster*

Echinococcus is a genus of tapeworm which, in the adult or sexual
stage, occurs in the intestine of predator carnivores; the asexual stage, in
the form of hydatid cysts, occurs in the prey, e.g. perissodactyls, artio-
dactyls, rodents and primates. The classification of the genus is based
mainly on characters of the adult, such as the number of segments, and
the number and arrangement of the testes.” Previously the size of hooks
was also used, but it has been shown that these continue growing after
the adult is established in its carnivore host.?

Three species of Echinococcus have been described from South
African carnivores, viz.:

(1) E. granulosus from dogs in the Pretoria vicinity* (Lopez-Neyra
and Planas?, however, consider this a new species, E. ortleppi).

(2) E. lycaontis Ortlepp, 19344, from the Cape hunting dog, Lycaon
pictus.

(3) E. felidis Ortlepp, 19375, from the lion, Panthera leo.

Work is at present in progress on the incidence in the livestock, and
on the identity of the parasites and that of their hosts. These investiga-
tions have not yet progressed to the stage where definite conclusions can
be arrived at, but a number of interesting observations have been made,

(1) Incidence

In a preliminary survey, data on the incidence of hydatid cysts were
obtained from the directors of five of the larger abattoirs, covering periods
from 6 months to 15 years. These data showed the following average

incidences:

Cattle: 0.79 (total number slaughtered: 4,886,441).

Sheep and goats: 1.8 % (total number slaughtered: 12,936,963).

Pigs: 0.49; (total number slaughtered: 735,852).19

Despite the fact that the incidences shown by the preliminary survey
were relatively low, it was decided to organize a further more detailed
survey, covering both large and small centres; the large centres would
reflect the incidence over the country as a whole, while the smaller centres,
which obtain their slaughter stock locally, would give information on
specific areas. This survey, covering 21 centres, has been in progress for

* Section of Helminthology, Onderstepoort Laboratories, Onderstepoort.
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nine months; only the data of the first six months, however, will be
discussed (Table 1). ‘

TABLE I.

Average monthly incidence of hydatidosis from some South African centres.

Centre Cattle Sheep Goats Pigs
. % 7% %% %

Bloemfontein................... 3.1 3.7 — 0
Ermelo..........ooviviiiiienn.. 4.7 4.0 — 0
Grahamstown.............co..... 10.5 1.4 — 0
King William's Town............ 28.6 13.4 — 13.5
Pietersburg..................... 10.6 3.5 1.3 1.7
Port Elizabeth.................. 3.1 0.3 4.4 0.03
Queenstown. ................... 10.3 1.0 — 5.3
Umtata. ..........oovvvenen..n 10.8 0.3 — 5.7
Upington.......ooeeveeneannn. 0.6 0.8 4.9 0.2
Welkom.........ooovieeinnnn.. 1.8 25.6 — 0
Worcester.......covvveinaan., 8.2 10.1 — 32.1

This survey has shown that hydatid cysts occur in livestock in all
parts of the country.

Incidence in Cattle

Only at one centre (Calvinia) could no hydatid cysts be found in
cattle. Average incidences below 19 were recorded at five centres, while
average incidences between 1 and 39 were recorded at five centres;
average incidences above 3%, were recorded at eleven centres, five of
these being above 10%;.

Incidence in Sheep

Only at one centre (Pretoria) could no hydatid cysts be found in
sheep. Average incidences below 1% were recorded at nine centres,
between 1 and 39 at six centres and average incidences above 3% at a
further six centres.

Incidence in Goats

Figures regarding the incidence in goats have been submitted by
six centres only. One centre showed an average incidence below 1%, two
centres between 1 and 39 and three above 39%,.

Incidence in Pigs

At seven centres no hydatid cysts in pigs were recorded; an average
incidence below 1% was found at seven, while at one the incidence was
between 1 and 39%; at six centres the recorded incidences were above
3%.

It is to be regretted that the incidence in human beings is not known.
The only figures available are these kindly supplied to me by Dr. Hessel-
son: at Groote Schuur Hospital, Cape Town, an average of 17 cases
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r year over 10 years and at Belville Hospital 2 cases per year over 2}
years were encountered. Although the above figures for the Cape cannot
be considered negligible, the incidence in this country as a whole does
pot appear to be as high as in other countries.

(2) The identity of the species occurring in South Africa.

During investigations on the biology of Echinococcus, altogether
828 hydatid cysts of bovine origin were dissected. These cysts were
mainly fertile, i.e., contained scolices; only 2.8% were sterile. During
the latter part of the investigation, calcified cysts, i.e. degenerate cysts
which may or may not have contained scolices, were also included in
the investigation. Of the 394 cysts so examined, six were sterile and 29
calcified, making a total of 8.1% sterile cysts.

The above findings show the fertility of these samples of South
African cysts to be higher than any previously reported in the literature.
The most recent data, incidentally those corresponding most closely with
the above figures, are Pullar and Marshall’s for hydatid cysts of bovine
origin in Victoria, Australia.® They found that 63 % of the cystic parasites
were fertile, as against the South African figure of 97.29%, and that 229
of all parasites were fertile as against 91.9 % in South Africa.

Since the species cannot be determined from the hydatid cysts alone,
various carnivores were infested with equal amounts by volume of scolices
of bovine and ovine origin; domestic cats received half the amount.
Three Cape hunting dogs, Lycaon pictus, two domestic dogs, Canis
familiaris, one dingo, Canis dingo, two silver foxes, Vulpes chama, and
three domestic cats, Felis domesticus, were infested with scolices from
each strain. The animals were slaughtered 48 days after infestation and
the numbers of parasites recovered from the various hosts were compared
(Table II).

TABLE II
Numbers of worms recovered from different hosts infested with the same number of scolices.
L. pictus C. familiaris | C. V. chama. F. domesticus a
dingo

Strain

No. 1 No. 2 No. 3 No. 1| No.2|No.1|No.1|No.2|No.!1|No.2|No.3
Bovine —b 14,200 23,0000 580 |3,384 |4,580 10 120 62c | —d 6
Ovine 6e 7,061 14,672 2 | 250 12 of of of of of

a, Received half the dose given to the larger carnivores,
b. Due to an injury this dog died shortly after infestation,
¢. Died three days after infestation.

d. No scolices given

e. Approximately 10 months older than No. 2 and 3.

f. No specimens recovered.

Bovine Material

The tapeworms resulting from the bovine cysts morphologically
resemble E. granulosus, in the number of testes and number of segments,
and in the size of the hooks, but differ in three aspects of their life cycle:

(1) The South African cysts of bovine origin are mainly fertile,
whereas elsewhere E. granulosus cysts of bovine origin are not so fertile®.
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(2) The Cape hunting dog is apparently more susceptible to infes-
tation than is the domestic dog which is considered one of the normal
hosts of E. granulosus.*

(3) In the cat a small percentage of the worms took and matured,
whereas E. granulosus has not been known to mature in the cat.® #

Ovine Material

The worms resulting from the ovine hydatid cysts resemble E.
Iycaontis in the number of segments, but have only two rows of hooks,
whereas E. Iycaontis has four rows.* The Cape hunting dog is also
apparently more susceptible to infestation than is the domestic dog or
the dingo. These tapeworms do not establish themselves in the Silver
fox or domestic cat. Unfortunately, it is impossible to trace the area of
origin of the sheep which supplied this particular material. Since the
Cape hunting dog does not occur in the major sheep-rearing areas, it is
possible that other carnivores, with a less restricted distribution, may act
as the definitive host of this strain or species.

It is thus clear that it is impossible to assign these parasites to any
given species at the present stage of the investigations. It is hoped that
further work will show whether one is dealing with E. granulosus itself
and/or two or more other species, or whether all the forms found are
but variants of one species.

SUMMARY

1. Average monthly incidences of hydatidosis from some South
African centres are recorded.

2. Fertile cysts comprised 91.9 % of all cysts, and 97.29 of all cystic
parasites of bovine origin.

3. The numbers of parasites resulting from scolices of bovine and
ovine origin in various carnivores are compared.
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ENZOOTIC PNEUMONIA OF CALVES IN SOUTH AFRICA

S. J. van Rensburgt and R. Every}

INTRODUCTION

Pneumonias of the calf characterized by slight tissue destruction have
peen variously termed pneumoenteritis,! enzootic bronchopneumonia,?
enzootic pneumonia,? cuffing or atypical pneumonia,* pneumonitis,® and
virus pneumonia®; considerable variations in the pathology and other
aspects of the disease have been recorded. Possible multiplicity of aetio-
logical agents? and the influence of extrinsic factors may be responsible.®
A satisfactory terminology still awaits conclusive elucidation of the causa-
tive factors.

In recent years the authors have noted the widespread occurrence
" in this country of a distinctive entity in bovines, in which pulmonary and,
to a lesser extent, intestinal involvement are cardinal features. Proli-
ferative cellular inflammatory phenomena of a chronic nature, rather
than exudation and tissue destruction, predominate. The complex may
easily be overlooked, as appreciable lesions are frequently lacking and
clinical symptoms usually assume an insidious character.

Following several years’ investigation, it is the authors’ conviction
that this disease has a pertinently detrimental effect on the growth rate
of calves. It is also frequently intimately implicated in mortality resulting
from multiple factors, and on occasions it is of primary significance in
causing death.

PROCEDURE

Observations on aspects of the natural disease have been made for
some five years during the course of veterinary practice, mortality inves-
tigations, and meat inspection duties at abattoirs. Deductions as to the
pathogenesis of the disecase were made by examination at the abattoir of
animals of different ages from known farms, necropsy of unprofitable
individuals, and post mortem examination in cases of mortality. In addi-
tion, enzootic pneumonia was frequently observed in animals where
death was attributed to other causes.

Formalin-fixed material was taken from 25 calves ranging in age
from two weeks to one year, haematoxylin-eosin sections for histopatho-
logical examination being prepared from the lungs, intestine, lymph nodes,
liver, kidney, myocardium and spleen. The lungs of 200 mature bovines
were scrutinized at slaughter for evidence of unresolved pneumonia and

t Section Reproduction and A.l., Veterinary Research Laboratories, Onderste-
poort. .
} 108 Canon Rogers Road, Estcourt, Natal.
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sections for histological examination were prepared from five, the oldest
animal being eight years of age.

The bulk of the observations were made in the Natal Midlands,
The disease has, however, also been seen, and proved histopathologically
similar, in the Western Cape and in the Transvaal.

GENERAL OBSERVATIONS

Epizootology

Seasonal variation in the incidence of the disease appears to occur,
the condition being particularly prevalent during wet summer months
in areas where highly variable weather conditions exist. Higher rainfall
areas appear to favour severe outbreaks, while in semi-arid regions the
entity appears to be self limiting. In recent years, however, the incidence
of the disease appears to be increasing, and on farms where it has been
prevalent for some time, cases are being recognized throughout the year.

As a clinical entity the disease is confined virtually exclusively to
calves kept under intensive farming conditions. Typical cases in calves
on extensive ranching enterprises have not been encountered. Where,
however, the undesirable “dairy ranching™ is practised and the calves
congregate in a confined space, the disease frequently occurs. In large
herds, with an indifferent standard of management and where crowding of
many calves under unsanitary conditions takes place, its ravages can
be particularly severe. Once established in such a herd, the condition
appears to become progressively worse.

Pathogenicity

All breeds appear to be equally susceptible, but in practice it is
confined mainly to dairy calves, as these are mostly kept under intensive
conditions. Clinical cases have not been seen in calves under two weeks
of age and a marked resistance to the condition appears to be present
after the age of six months. Calves appear to be highly susceptible be-
tween the ages of three weeks to three months. In the presence of any
debilitating factor, the insidious chronic form may be encountered from
three months to one year of age. Examination of lungs of mature animals
at slaughter revealed that small areas of consolidation may be detected
in animals of any age.

The disease appears to be highly contagious when unfavourable con-
ditions prevail and the morbidity can then be 100 per cent. The mortality
rate is difficult to assess, owing to the fact that a secondary condition may
frequently be the actual cause of death. On farms which had a history
of severe calf mortality of up to 90 per cent for prolonged periods, how-
ever, the presence of faulty management and enzootic pneumonia have
been consistent findings.
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Predisposing factors

As with many diseases, but especially in enzootic pneumonia, any
factor which is detrimental to the vitality of the calf may markedly aggra-
vate the course of the disease. In practice, a combination of these factors
usually appears to be operative, and only on rare occasions has an indi-
vidual in excellent physical condition been observed to succumb to the

condition.

Incorrect housing is a common fault. The disease appears to thrive
when intimate contact occurs in communal unsanitary pens or poorly
ventilated sheds. Lack of adequate shelter during rainy seasons leading
to excessive contact with moisture and sudden variation in skin tempera-
ture is another predisposing factor.

Faulty nutrition is also frequently concerned. Inadequate or excessive
amounts of milk, feeding inferior milk substitutes or skimmed milk
without any vitamin supplementation, and unhygienic feeding utensils
are common malpractices. With the current practice of weaning calves
at an early age, satisfactory nutrition during the postweaning period has
assumed increased importance. Good quality hay as roughage is particu-
larly important. In one severe outbreak, calves had been put out to
luxuriant clover pastures without any access to hay after weaning: the
survivors at two years of age are still very stunted.

Further factors which may predispose to the condition are internal
and external parasites. A heavy tick infestation, particularly with R.
appendiculatus, lowers the resistance of the animals. Of the internal
parasites, Moniezia spp. infestation is commonly encountered with severe
forms of the disease.

Diseases frequently associated with severe pneumonia or an acute
flare-up of a previously quiescent lesion, are anaplasmosis, paratyphoid,
and babesiosis. It is not always clear if one of these diseases or pneumonia
was primary; however, in combination each appears to have a synergistic
action and if death does not intervene the disease may become most
persistent, and the efficacy of therapy limited.

CLINICAL ASPECTS

Case History

This has been found to be most characteristic and useful in aiding
diagnosis. Usually the calves are reported to have been thrifty up to
approximately two weeks of age. Thereafter there is a progressive deterio-
ration in condition, the appetite, however, remaining unimpaired. The
calf suffers from moderate intermittent attacks of greenish or yellowish
diarrhoea, which is never severe but sufficient to soil the tail. In older
calves the diarrhoea is invariably green in colour.

As the condition progresses, the calf becomes listless and frequently
stands for long periods in one position, refraining from the frolic of
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healthy calves. 1f death supervenes, there is a sudden and generally
unexpected collapse with death taking place within a few hours. By this
time the animal is usually considerably emaciated.

Clinical Examination

The degree of symptoms vary widely, depending on the presence of
predisposing factors. The clinical disease may be divided into the transient,
subacute, and chronic forms.

The mild transient form occurs on farms where the standard of calf
management is satisfactory, or during the dry months of the year. There
is usually irregularly intermittent pyrexia varying between 102° to 104°F.
The conjunctival mucosa is congested and a slight discharge is present.
Coughing is not always evident, and percussion and auscultation of the
thorax reveals nothing abnormal. The superficial lymph nodes are
usually slightly enlarged. Appetite is unimpaired and little loss of condi-
tion occurs. Evidence of mild diarrhoea may be noted. Provided the
calf does not receive a severe setback before the age of six months, these
cases are benign and recover rapidly.

The subacute form is found particularly on farms where the standard
of management is poor and a combination of predisposing factors exists.
On clinical examination the calves show a temperature of 103° to 106°F.
and variable degrees of tachycardia. Auscultation of the chest may reveal
moist rales or areas where adventitious sounds are absent. The conjunctiva
is usually congested and some serous to mucopurulent discharge is
present. Invariably there is a moderate diarrhoea but the appetite remains
unchanged. Hyperpnoea is distinct, and in the event of death, dyspnoea
1s present during the terminal stages. Evidence of associated diseases is
frequently present and according to the availability of secondary bacterial
opportunists, complications such as pleuritis or purulent bronchopneu-
monia may supervene.

The chronic form is most commonly encountered and is considered
the most grave type economically. Symptoms are of a very protracted
nature and are accompanied by progressive loss of condition, eventually
leading to marked emaciation. Hyperpnoea and a non-productive cough,
which may easily be induced, are invariably present. Auscultation fre-
quently reveals tachycardia and moist riles. A generalized enlargement
of the superficial lymph nodes takes place. Diarrhoea may be continuous
or intermittent. As the condition progresses, anaemia develops, the coat
becomes shaggy and lustreless in appearance, and the eyeballs become
sunken.

The course of the chronic form varies considerably according to the
degree of adversity of the environment. Death may take place after three
weeks or it may take as long as three months to occur. Mortality after
six months of age is generally due to some secondary condition. Usually,
however, the animals survive, the recovery period being extremely pro-
longed and permanent underdevelopment a common outcome.
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Treatment

No specific therapeutic treatment has been found to be effective for
the primary condition. Affected calves should be isolated and suitably
housed. The use of the tetracyclines in cases where secondary bacterial
complications are present, reduces the mortality rate considerably.
Intestinal antiseptics and symptomatic treatment of diarrhoea meets
with limited success.

Supportive therapy has been found useful particularly in chronic
cases. A course of intramuscular haematinics should be instituted. Large
doses of vitamin A given orally or parenterally appear to be beneficial.

Control

Contrary to therapy, prophylactic measures are highly successful
when applied rigorously. As enzootic pneumonia only appears in the
severe form when predisposing factors exist, deficiences in respect of calf
management must be rectified, and farmers encouraged to raise only
limited numbers of calves in order to ensure best available attention.
Undoubtedly, in the case of intensive dairy herds, the most important
factors in controlling the disease are high standards of nutrition and
housing combined with meticulous hygiene.

Satisfactory results have been attained by allowing newborn calves
to run with their dams for 2--3 days and then resorting to bucket feeding
twice or three times daily. If skimmed milk is used, it is supplemented
with vitamin A preparations. Milk powders are suitable, but caution
must be exercised with the choice of milk substitutes. Good quality hay
and calf meal is fed from the age of two weeks. Weaning may take place
at four months of age provided suitable feed is available, failing which, 1t
is essential that weaning should not occur before six months.

It is imperative that calves be housed in individual pens for effective
control. The calf pens should face approximately north, being open in
this direction and the other three sides closed to avoid any contact with
adjoining animals. It is desirable that calves be confined in these pens for
six months, adequate dry bedding being provided daily.

Usual prophylactic measures against associated diseases, such as
inoculation against paratyphoid, anaplasmosis, and babesioses assist in
limiting the severity of pneumonia.

Prognosis

In subacute cases the mortality rate is high, while in the chronic
form the prognosis is grave economically. The mild form usually en-
countered under favourable conditions is essentially benign.

In the Natal Midlands the condition appears to be on the increase
and many dairy farmzrs have ceased attempting to raise calves. The
entity reducss the resistance of calves to other diseases, the appearance
of which in turn is followed by recrudescence of the pneumonia in the
severe form.
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- PATHOLOGY

Macroscopic changes

Lungs: Slaughtered calves less than two weeks of age, which origina-
ted from known affected farms, show patchy, reddened and slightly
raised areas on the anterior lobes of the lungs. By two weeks of age light
reddish-grey areas of consolidated lung parenchyma are evident, parti-
cularly at the tips of the apical lobes, the volume of the affected tissue
being slightly increased. The right apical lobe is involved most constantly
and the consolidated portions may be distributed along the course of the
bronchial tree. The lesions appear to become confluent and progressive
consolidation of the affected lobes with distinct lobular delineation
follows.

In calves apparently suffering from the benign form, less than a
quarter of the anterior lobes are involved. Marked lesions may involve
all the anterior lobes and the ventral and anterior portions of the dia-
phragmatic lobes. Limited consolidation only is frequently present,
however, in chronic cases and in some instances of mortality. The latter
cases often show oedema and patchy consolidation throughout the lungs
in addition to usual longstanding anterior lesions. In cases of some stand-
ing the consolidated tissue is slightly decreased in volume and deep reddish-
purple in colour with mildly increased consistency. On incision the
surface has a slightly moist, “meaty” appearance and the walls of small
bronchi may be prominent. Changes, such as purulent bronchopneumonia
and adhesive pleuritis due to secondary bacterial invasion, are not infre-
quent.

Animals which appeared to have recovered from the disease usually
show an irregular shape particularly of the extremity of the right apical
lobe. This appears to be due to contraction of fibrosed interlobular septa
and is considered to be evidence of resolved pneumonia. This anomaly
was observed in 90 per cent of 200 mature bovines examined. In addition,
33 per cent of these animals had evidence of adhesive pleuritis and in 14
per cent small areas of consolidation were detected.

Intestine: A constant feature in relatively acute cases is thickening
of the wall of the small intestine, particularly that of the ileum. The
mucosa is diffusely and lightly reddened and an excess of catarrhal mucus
is present.

Lymph nodes: Initial stages of the disease are accompanied by marked
enlargement of the mesenteric and bronchial nodes. When pressure is
applied to incised mesenteric nodes, milky white fluid exudes and is
considered a characteristic feature. A generalized enlargement of lymph
nodes, which are irregularly hyperaemic and moist on section, is noted
in the chronic disease.

Spleen: A moderate tumor splenis is invariably present. The cut
surface is not unduly moist and the lymphoid tissue is prominent.

Liver: The liver is usually pale brown in colour and a mild increase
in consistency may be detected. On close inspection of the cut surface
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in chronic cases small alternating red and brown areas may result in a
variegated appearance.

Kidneys: The surface may show patchy reddened and/or pale areas.
On section, small pale areas may be seen in the cortex and the medulla is

usually hyperaemic.

Circulatory system: Generalized cyanosis of a relatively emaciated
carcass is common. In chronic cases anaemia may be advanced, but in
many subacute cases it is absent. The consistency of the myocardium
may be slightly increased and is usually pale in colour. Subepicardial and
endocardial haemorrages are relatively common.

Microscopic appearances

Lungs: Principal features in uncomplicated cases are essentially
proliferative in nature involving the alveolar walls and the terminal ramifi-
cation system of the bronchi.

Early cases show thickening of the alveolar septa which is chiefly due
to moderate congestion and proliferation of macrophages, some of which
are present in the alveoli. The affected alveolar septa soon become variably
infiltrated with lymphocytes and later plasma cells.

Masses of proliferating mononuclear cells frequently result in trian-
gular projections from the alveolar walls, and occasionally may be parti-
cularly accentuated (Fig. 2). Epithelization of alveoli (Fig. 2) was seen
in only two of the 25 cases. In ten cases multinucleate cells containing two
to 48 generally peripherally arranged nuclei were seen (Fig. 3). The pleura
and interlobular septa are thickened at an early stage and are lightly
infiltrated with cells similar to those seen in alveolar walls.

Eventual elimination of aerated surface appears to be due to con-
comitant collapse and thickening of alveolar septa.

Exacerbation of pneumonia in the presence of other infectious diseases
usually presents a different picture. Oedema and congestion may be
marked, and frequently there is a massive infiltration of the alveoli with
vacuolated macrophages, lymphocytes, and other leucocytes.

More characteristic changes are present in the bronchi, and though
these were not usually the most prominent lesions in our cases, they
constitute the main basis of diagnosis.

Excessive mucus secretion and moderate hyperplastic changes in
the epithelium of secondary bronchi and large bronchioles are apparent
at an early stage. In cases of some standing, accumulations of lymphocytes
are frequently noted in the peribronchiolar area, and are usually focal in
nature (Fig. 1). Several foci may arise around a single bronchus and
greatly enlarge so as to form an irregular “cuff”. Though most frequent
around small bronchi and bronchioles, lymphocytic nodules are at times
seen in the lamina propria of larger bronchi, adjacent to terminal and
respiratory bronchioles, and infrequently in the alveolar and interlobular
septa.
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The structure of the hyperplastic bronchial epithelium is somewhat
confused, the cytoplasm being vacuolated or assuming a lightly basophilic
“ground glass” appearance. A tendency to multinucleate cell formation
in the affected epithelium is clear in some instances, this change being most
distinct in sections where many multinucleate cells are present in the
alveoli.

Large vacuolated vesicular bodies with an inner reticular to granular
basophilic structure are present in some activated bronchial epithelial
cells distal to the nucleus. In young calves they are markedly vacuolated
and have a delicate, pale, basophilic network between the vacuoles. The
inner structure is, however, more prominent and strongly basophilic in
older animals.

Distinct from the abovementioned structures and normal basal cilia
granules, a few cases show the presence of small intracytoplasmic pleo-
morphic bodies which show some similarities of morphology and size to
the PPLO group. These are particularly clear in Giemsa-stained impres-
sion smears, and occasional similar bodies are seen in the cytoplasm of
alveolar macrophages and free in distended interlobular septa of early
cases.

In sections of small consolidated areas in the anterior lobes of mature
slaughtered cattle, all the essential features of the calf disease are noted.

Intestine: The lamina propria is densely infiltrated with lymphocytes,
plasma cells, macrophages and eosinophil leucocytes. Many lymphocytes
and eosinophils are present between the layers of the muscularis mucosae.

Diffuse hyperplasia of the lymphoid tissue in the submucosa is con-
stant and may be marked in the ileum of fairly early cases (Fig. 4). This
change, and to a lesser extent the cellular infiltration of the mucosa, may
result in considerable increase of the dimensions of the intestinal wall,
oedema not being a feature.

Lymph nodes: Cellular hyperplasia is marked in the mesenteric and
bronchial nodes. In recently infected cases, where milky fluid exuded
from the cut surface of mesenteric nodes, numerous small free lymphocytes
are packed in the medullary sinuses. Eosinophils are relatively frequent
in mesenteric nodes. Macrophages are seen particularly in the medullary
sinuses of bronchial nodes. Hyperaemia, and less frequently cedema,
are evident

Liver: Cellular accumulations, comprising chiefly lymphocytes and
mononuclears, are seen in the majority of cases, particularly around the
periphery of interlobular veins and bile ducts (Fig. 5). Proliferation of
endothelial and Kupffer cells and a diffuse light infiltration of lymphocytes
in the hepatic sinusoids are frequently present.

Kidney: A moderate periglomerular infiltration of lymphocytes was
not infrequently observed, and cells may be seen to infiltrate surrounding
intertubular tissue. Perivascular “cuffing” was sometimes observed,
particularly in the region of the arciform vessels.

" Spleen: Hyperplasia of the lymphoid tissue, some proliferation of
reticular cells, and mild congestion are seen rather regularly.

Myocardium: In all instances of mortality and in unthrifty animals
suffering from the chronic type of pneumonia, evidence of myocarditis
exists. Accumulations of mononuclears, lymphocytes and plasma cells
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may be prominent in the connective tissue septa and frequently infiltrate
the muscular tissue (Fig. 6). Particularly in cases of mortality, focal areas
of degeneration—swelling, loss of striation, vacuolation, and peripherally
displaced nuclei—are usual.

Blood: Differential leucocytic counts performed on nine affected
calves revealed a mean of 54.4 per cent lymphocytes and 41.4 per cent
neutrophils. In six normal calves of similar origin the values were 43.7
and 53.7 respectively, indicating a state of lymphocytosis in affected
calves.

FIG. 2.—Lung. Proliferative changes in alveolar septa with epithelization.
x200
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FIG. 3.—Lung. Giant cells in a respiratory bronchiole and an alveolar
sac. Eosinophilic material in alveolus (right). Slight thickening
of some alveolar walls and a few macrophages in alveoli. x200.

FIG. 4—Ileum. Lymphoid hyperplasia in submucosa. x30.
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FIG. 5—Liver. Cellular accumulations around bile ducts and bloodvessels.
Proliferation of endothelial cells. x200.

FIG. 6.—Myocardium. Infiltration of mononuclears, lymphocytes, and
plasma cells. x200.
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D1scuUssION

That pneumonia of the calf frequently is not a sporadic disease but
may occur enzootically or in the form of serious outbreaks has been
recorded repeatedly for a century.! 2° 10 In a statistical study, Ottosenl?
demonstrated that the disease occurs in an enzootic form. An account of
the disease, having many epizootological and clinical similarities to the
entity observed by the authors, was reported in South America by Roberts?
in 1938, who associated pneumonia with enteritis. This association was
subsequently substantiated by other workers.2 12 10 313 5 22 There is some
agreement that the disease is usually precipitated by predisposing factors,
under which circumstances the course of the condition results in econo-
mically grave consequences.! 2123 5

Many workers have investigated the possibility of a bacterial aetio-
logy,? 14 15 16 invariably, however, concluding that bacteria are of secon-
dary significance. The possible role of PPLO’s has been investigated to
some cxtent.!> 718 In a study of “shipping fever”, Carter'” only suc-
ceeded in isolating PPLO’s from one case where pathological changes
were essentially proliferative. In a subsequent study,'® however, he failed
to demonstrate these organisms.

This group has been found to be of secondary significance in porcine?
and ovine2® virus pneumonias.

The assumption of a viral or rickettsial aetiology has been well
substantiated for some time by transmission studies.1? 12 213 Japanese
workers?? associate Miyagawanella with pneumonia in cattle, and agents
of the psittacosis-lymphogranuloma venereum group were also associated
with respiratory infections in the U.S.A.22 Neo-rickettsia have been
incriminated in an acute form of bronchopneumonia in France.?? Recent-
ly, para-influenza 3 virus has been associated with respiratory and intes-
tinal involvement in Sweden?® and the U.S.A.26 27

Though the authors made no particular aetiological investigation in
this study, several samples were submitted to two laborotories for bac-
teriological and virological examination by routine methods. All results
were negative, except in one case, which had an obvious secondary puru-
lent bronchopneumonia, from which staphylococci, corynebacteria, and
organisms of the coli-aerogenes group were isolated.

Much variation of the pathological aspects has been recorded, and
- Jarrett”? attempted to classify calf pneumonias on a morphological basis.
He also differentiated two types?®—those characterized by epithelization
of the alveoli and those with peribronchial lymphoid hyperplasia. In our
series, both these pathological alterations were advanced in one case and
as such resembled the cases described by Carter'® in Canada. Peri-
bronchial cellular accumulations have been noted by some workers* 13 % 15,
In the majority of our cases this change was not pronounced, the most
prominent alteration being in the alveolar septa.

It has been suggested that giant cells are derived from syncytial masses
protruding from the alveolar wall.?® In this series there was little correla-
tion between the occurrence and morphology of these two structures
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(Fig. 3). Where, however, hyperplasia of the bronchial epithelium was
advanced and a tendency to the formation of syncytial masses in the
epithelium was evident, many giant cells were also present in the alveoli.

The inclusion body pneumonia described by Jarrett?® was not ob-
served. In our cases the vesicular basophilic structures observed in hyper-
plastic bronchial epithelium appear to be identical to those described
by Ottosen,® who suggested that they may be virus colonies. A study of
different stages of these bodies indicates that they are possibly products of
hypersecretory activity in goblet cells.

In recent times, generalized pathological changes have been associated
vith this type of pneumonia.' > These were of a chronic nature in our
ieries and are a possible explanation for protracted unthriftiness in the
sresence of very limited pulmonary involvement. The finding of myocar-
{itis is in conformity with clinical symptoms noted, and the occurrence of
nortality.

SUMMARY

The widespread occurrence of a distinctive entity in cattle charac-
terized chiefly by chronic pneumonia, is reported in South Africa. The
disease is particularly prevalent during the wet summer months in calves
maintained under intensive farming systems.

Animals of all breeds between the ages of one to four months are
highly susceptible. The course of the disease is markedly aggravated by
predisposing factors such as faulty housing, nutrition, hygiene, and the
presence of parasitism and concurrent diseases.

Clinical symptoms are insidious, but pyrexia, diarrhoea, dyspnoea,
tachycardia and progressive emaciation may be obvious. The severity is
dependent on the degree of adversity of the environment; at times grave
economic sequelae result from underdevelopment and mortality. Thera-
peutic treatment is of limited value; suitable prophylactic measures,
however, are successful in controlling the disease.

Pathological alterations are of a generalized nature and characterized
by cellular accumulations and proliferative changes. Consolidated por-
tions of lungs show peribronchiolar lymphoid hyperplasia in conjunction
with thickening of alveolar walls. Associated changes are enteritis, hepa-
titis, nephritis, lymphoid hyperplasia, and myocarditis.

The salient literature on similar pneumonias, which appear to occur
universally, is discussed.
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THE ISOLATION OF VIRUSES ASSOCIATED WITH INFERTILITY
IN CATTLE: A PRELIMINARY REPORT

John Maré* and S. J. van Rensburgt

INTRODUCTION

The disease entity commonly referred to as “epivag” was first de-
scribed in Kenya by Daubney, Hudson and Anderson in 1938.% It was not
until 1949, however, that the disease was encountered in South Africa.?
On a basis of clinical examination and herd histories, a survey was
carried out by the Field Section of the Division of Veterinary Services, to
determine the extent to which this disease occurred in South Africa. This
survey revealed that the disease was widespread in the Transvaal, while
only a few infected farms were found in Natal and the Orange Free State.
The Cape Province was apparently free of the disease.?

These field observations revealed that bulls in herds showing vaginitis
did not always show symptoms of epididymitis, and it has been suggested
by van Rensburg? that two separate diseases actually occur; namely,
“contagious epididymitis and vaginitis” and “contagious anterior vagino-
cervicitis”. The Kenya workers, in their early descriptions, also indicated
that two separate entities might exist. In England, Millar® recognized two
infectious forms of infertility of unknown aetiology. He later isolated a
viral agent in chicken embryos.

Several other virus isolates have been made from cattle. showing geni-
tal infections. MclIntosh, Haig and Alexander 1954® isolated a virus
(Rustenburg virus) in chicken embryos and baby mice from vaginal
exudate. This virus, after serial passage, caused a mild vaginitis in
susceptible heifers. Kendrick and McKercher isolated a virus from vaginal
exudate on the chorio-allantoic membrane of hens’ eggs.” The agent was
found to be different from the “Rustenburg virus” in its laboratory host
range. While this virus grows easily in tissue culture of calf kidney cells,
the Rustenburg virus does not. The infectious pustular vulvovaginitis
virus was described by Kendrick, Gillespie and McEntee,® who isolated
it from an outbreak of “‘vesicular venereal disease”.

Epididymitis and vaginitis still appear to be very prevalent in South
Africa, and attempts to elucidate the aetiology have been made during
the last few years. Investigations to determine the role of bacteria were
inconclusive. A number of viruses have been isolated from herds in which
epididymitis and vaginitis occurred. Preliminary investigations to deter-
mine the importance of these viruses form the basis of this report.

* Section of Virology, Onderstepoort.- i
T Section of Diseases of Reproduction and A.l., Onderstepoort.
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HERD " OBSERVATIONS

During the past two years several visits have been made to herds in
which the clinical syndrome “epivag” was causing sterility and reduced
fertility in both bulls and cows. In some bulls epididymitis was evident,
in others not. In heifers and cows, vaginitis was observed, varying from
a very severe to a very mild form. In all the cows examined, the vaginitis
was accompanied by vaginal discharges, usually of a very profuse, odour-
less, mucopurulent type. The vaginites observed were confined to the
anterior vagina and no signs of a pustular or vesicular vaginitis were
observed. A brief resumé of the clinical, bacteriological, and virological
findings in the herds visited follows.

Herp ‘1 .

Situated in the Boksburg district, this Friesland dairy herd comprised
69 cows, two bulls and a small number of heifers. The bulls were run
continuously with the cows. Two bulls had recently been sold to prevent
inbreeding, no genital abnormalities being evident and both bulls being
apparently fertile. The herd history revealed that vaginitis had been a
problem on this farm for several years. The vaginitis took the form of an
anterior vaginocervicitis, accompanied by copious purulent discharges.
Cows showing these discharges seldom conceived. Five cows had aborted
on this farm during the past three years, four at five months, and one at
two and a half months.

Two recently introduced bulls were examined, bull 1 showing sub-
acute orchitis of the left testicle, and unusual firmness in both the head and
tail of the right epididymis. Bull 2 showed a small, firm enlargement of
the head of the right epididymis. Semen of both these bulls was of low
density and poor quality, a large number of neutrophiles and epithelial
cells being present. The semen brucella agglutination test was negative
for both bulls. Virus isolation was attempted, using embryonated
eggs inoculated into the yolk sac, baby mice by intracerebral and
intraperitoneal inoculation, and tissue culture. From each semen
specimen a virus was isolated in tissue culture. These viruses, both of
which were found to give a monocytial cytopathogenic change, have been
designated “B1”°, and’““B2”. The two bulls, from which the viruses were
isolated, were disposed of a few months after examination, suffering
from severe epididymitis and orchitis.

Vaginal discharges were collected from twenty-two cows showing
acute anterior vaginitis with discharges varying from sero-purulent to a
very mucoid sticky pus. Several unserved heifers between the ages of
three and six months were showing vaginal exudates. From one vaginal
discharge, a virus was isolated in tissue culture, the cytopathology being
similar to that of the two previous isolates. This virus has been designated
virus “G26”. Of the vibrio agglutination tests performed on three cows,
one was positive and the other two negative.
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HERD 2

A Friesland herd, situated in the Boksburg district, approximately ten
miles from the previous herd, was visited at the request of the owner.
This owner complained about the condition of his animals, many of which
had shown persistent vaginitis for over six months. His main cause for
concern was, however, not the very low conception rates which accom-
panied this condition, but the fact that almost every bull introduced into
the herd became sterile within six months, as a result of orchitis and
epididymitis.

On examination of the herd, it was found that most of the cows were
showing vaginal discharges. These animals also showed an acute anterior
vaginitis, with very profuse muco-purulent discharges. Specimens were
taken for virus isolation. Of the three bulls examined, two had only
recently been introduced into the herd, and had not as yet served, while
the third was an old bull which had been in the herd for several years
without showing any sign of an epididymitis or orchitis. All three bulls
were clinically normal. From vaginal discharges, two viruses were isolated
in tissue culture, these viruses being designated “C3” and “P10”.

One of the two young bulls mentioned, after having been used in the
herd for ten weeks, was removed for experimental purposes. Semen was
taken from this bull at regular intervals, but no virus could be isolated.
Two virgin heifers which were inseminated with his semen, developed the
typical vaginitis syndrome described above within four days. From
discharges obtained from each heifer, virus was isolated. These viruses
have been designated “X’* and “Y”. The vaginitis in the heifers persisted
for 43 days in the one, and for over 90 days in the other.

Herp 3

A large cattle ranch near Middelburg in the Eastern Transvaal,
was visited at the request of the owners. This herd. of over 5,000 head.
comprising Aberdeen Angus, Hereford, Afrikaner and a few hundred
Frieslands, was examined, and seventeen of the fifty bulls were culled
as sterile, due to very pronounced epididymitis and orchitis. A large
number of cows and unserved heifers showing discharges were examined,
vaginal discharges being collected for virus isolation. Once again the
vaginitis was of an antero-cervical type accompanied by copious purulent
discharges. Rectal examination of cows revealed a high incidence of
peri-odphoritis and salpingitis in the herd.

Semen was taken from the seventeen culled bulls. Three viruses
were isolated in tissue culture from this herd; one from a bull show.ng
gross, bilateral, chronic epididymitis, one from a cow with a purulent
vaginitis, and one from an unserved heifer showing an acute vaginitis
accompanied by a copious sero-purulent discharge. These viruses have
been designated *“Bantam”, “C.375”, and “F.H.335.

Herp 4

This Friesland herd, near Vaalwater in the Northern Transvaal,
numbered about 60 cows, two bulls and a few heifers. Since having moved
to this particular area from a farm in the highveld, the owner had been
plagued by persistent vaginitis in his cows and unserved heifers. He had
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for some time been douching his cows and treating them with various
vaginal bacteriostats, with very little success. Vibrio agglutination tests
were performed on six cows, all with negative results.

No epididymitis or orchitis had been observed in the bulls on this
farm. One bull had apparently lost its libido, after which a second bull
was introduced. The latter bull was examined soon after introduction,
but appeared to be normal and its libido unimpaired. Semen was taken
by electrical ejaculation for semen examination and virus isolation.
Three months after visiting the farm the owner informed us that his
new bull seemed to be losing its libido. A virus was isolated in tissue cul-
ture from the semen of this bull. This virus has been designated “F.B.”
virus. The changes in the semen picture of this bull were identical to those
seen in bulls experimentally infected with virus “F.H. 335.”

Examination of the cows revealed mild to acute vaginitis, accom-
panied by fairly tenacious muco-purulent discharges. Specimens were
taken for virus isolation.

HerD 5

A small Ayreshire herd at Lyttelton, near Pretoria, was visited, after
a private practitioner had reported an outbreak of acute purulent vaginitis
which would not respond to antibiotic treatment or permanganate
douching,. :

On examination of this herd, one cow was found to be clean, while all
the others showed discharges. An acute anterior vaginitis was seen in a
few cows, while the rest showed a very mild anterior vaginitis. From
discharges taken for examination, a virus “Irwin” was isolated in tissue
culture. No abnormalities were observed in the bull. This bull had been
introduced into the herd after the commencement of the vaginitis syn-
drome. Vibrio agglutination tests performed on eight animals in this
herd proved negative.

SUMMARY OF VIRUS ISOLATES.

Type of
Herd Virus Animal specimen Symptoms shown by animal

1 Bl Bull Semen Subacute orchitis.

1 B2 Bull Semen Mild epididymitis.

1 G26 Cow Vaginal Acute purulent vaginitis.
discharge

2 C.3 Cow Vaginal Acute purulent vaginitis.
discharge

2 P.10 Cow Vaginal Acute purulent vaginitis.
discharge

2 X Heifer Vaginal Acute purulent vaginitis.
discharge

2 Y Heifer Vaginal Acute purulent vaginitis.
discharge

3 Bantam Bull Semen Chronic bilateral epididymitis.

3 C. 375 Cow Vaginal Acute purulent vaginitis.
discharge

3 F.H. 335 Heifer Vaginal Acute purulent vaginitis.

. discharge

4 F.B. Bull Semen No Symptoms.

5 Irwin Cow Vaginal Acute purulent vaginitis.
discharge
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EXPERIMENTAL

The classification of the twelve virus isolates is at present confined
to a rough grouping on a basis of virus neutralization and the type of
inclusions observed.

Microscopic examination of haematoxylin-phloxin stained mono-
layers was carried out with a view to determining the differences which
exist between the various isolates in respect of their inclusions. Virus
“B1” showed very distinct acidophilic, intracytoplasmic inclusions, where-
as all the other isolates showed large, acidophilic, intranuclear inclusions
of the “A” type.? .

Serum-virus neutralization tests revealed that viruses “F.H. 335”,
“C.37, “X”, “Y”, “F.B.” and “Irwin” are serologically identical, while
viruses “B.1”, B.2”, “P.10”, “G.26”, “Bantam” and *‘C.375” are sero-
logically quite different from this group.

The three groups of viruses are thus:—

Group I. One isolate:—virus “B.1”—intracytoplasmic inclusions,
not neutralized by “F.H. 335" antiserum.

Group II. Five isolates:—*“B.2”, “P.10”, “G.26”, “Bantam” and
“C.375”—intranuclear inclusions; possibly identical viruses, not neutra-
lized by “F.H.335” antiserum.

Group III: Six isolates:—F.H.335”, “C.3”, “X”, “Y”, “F.B.”
and “Irwin”—intranuclear inclusions; all neutralized by “F.H.335”
antiserum, probably identical viruses.

STUDIES ON VIRUS ISOLATES

GRrouP I VIRUSES

Virus “B.1”:—As mentioned earlier, microscopic examination of
stained monolayers revealed intracytoplasmic inclusions of the type
seen in the Pox group of viruses. The original isolation of this virus was
done in tissue culture, using calf kidney line cells. After two generations
in tissue culture, the virus was propagated successfully on the C.A.M.
of 10 day-old hens’ eggs, and caused very distinct pock-like lesions after
4 days.

Serum-virus neutralization tests in tissue culture revealed that virus
“B.1”” could be neutralized by vaccinia-immune calf and rabbit serum.
It was also demonstrated that virus ‘“B.1” haemagglutinin is inhibited
by vaccinia antiserum. No neutralization of the virus with “F.H.335”
antiserum could be demonstrated. From the tests thus far carried out,
it appears that virus “B.1” is closely related to vaccinia virus.

Pathogenecity of virus “B.1.” In an attempt to determine the patho-
genecity of this virus, two clean virgin heifers were inoculated intravagi-
nally, each receiving 1 ml. of eighth tissue culture passage virus. No
reaction was observed, and virus could be reisolated from one of the two
heifers for 48 hours, but not thereafter. No evidence exists to incriminate
this virus in the clinical syndrome under discussion. '
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Group II VIRUSES

Viruses “B.2”, “P.10”, “G.26%, “C.375” and “Bantam.” Although
these viruses in their growth characteristics and cytopathogenesis are
very similar to the Group III viruses, they must be excluded from that
group on serological grounds. No neutralization of the Group II viruses
has been demonstrated as yet.

Virus “B.2” could not be successfully adapted to growth in embryo-
nated eggs or in infant mice.

Groupr III VIRUSES

The viruses in this group are regarded as similar, if not identical, on
the basis of serum-virus neutralization tests. It is with these viruses
that the most extensive pathogenicity trials have been carried out.

Virus “F.H.335”. After a small preliminary trial, in which the
pathogenicity of both virus “F.H.335” and virus “C.3” for heifers was
conclusively shown, a much larger trial, including both heifers and bulls,
and using only virus “F.H.335", was carried out. As usual, all the animals
in this experiment were examined clinically and virologically before the
trial was commenced.

Pathogenicity of virus “F.H.335” in heifers. Four clean virgin heifers
were inoculated intravaginally, each with 1 ml. of eighth tissue culture
passage virus. After 48 hours the animals were markedly restless, tails
were raised and extended, and buttocks and tails were soiled with dis-
charge. Speculum examination revealed a marked hyperaecmia of the
anterior vagina accompanied by fairly copius muco-purulent exudates.
After six days all the test heifers showed acute anterior and posterior
vaginitis accompanied by very copious mucopurulent discharges.
These acute symptoms persisted until the 24th day, after which a gradual
abatement was observed. Mild symptoms of vaginitis were however
seen for up to five months after infection. Virus could be re-isolated from
discharges from the above heifers 9 days, but not 14 days, after infection.

Re-infection of two of the above heifers with virus fifty days after
the first infection, resulted in a mild vaginitis of short duration, virus
being re-isolated for only three days after inoculation. Two months
after this “challenge”, the same two heifers received virus once more.
A mild vaginitis again followed. Virus could not be re-isolated at 48
hours, nor thereafter.

Rectal examinations of the heifers in the pathogenicity trial, revealed
only slight changes in the thickness and tone of the vaginal and uterine
walls. Smears made from vaginal discharges revealed that bacteria were
absent up to the third week, after which a variety of organisms could be
demonstrated.

Serum, taken before the trial was undertaken, showed no antibodies
to virus “F.H.335”, whereas serum, taken 30 days after infection, revealed
very high antibody titres to this virus.
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Pathogenicity of virus “F.H.335” in bulls. On two occasions prior to
infection with virus, six bulls were examined clinically, and semen was
taken to determine the norm for these animals. Each bull then received
5 ml. virus intraurethrally, in the region of the sigmoid flexure.

Two to three days later the bulls showed marked restlessness, swish-
ing of the tail and frequent urination: symptoms of an acute urethritis.
After eight days acute inflammatory changes of the penis and of the
preputial mucosa were observed. Rectal examination was accompanied
by considerable discomfort, and revealed enlarged and oedematous se-
minal vesicles. Hyperaemia of the scrotal skin, and mild, painful enlarge-
ment of one or both testicles were observed in some bulls, the consistency
of the testicles remaining abnormal for several months. During the
course of the second month after infection, signs of a transient epididymitis
were seen, these being slight enlargement, tense or oedematous consistency,
and evidence of pain on palpation. One bull, which was repeatedly re-
infected intra-urethrally, showed a marked vesiculitis and a pronounced
balano-posthitis.

Virus could be re-isolated from semen of all bulls, for 8, but not 15
days after infection,

Semen examinations

Semen taken at weekly intervals throughout the trial, revealed a
gradual increase in the percentage morphologically pathological sperma-
tozoa (35-89 %) in five of the six bulls. The most frequent abnormalities
observed were deviations in the shape of the head, especially thickening
of the galea capitis and mild narrowing of the post-nuclear cap. Motility
of spermatozoa deteriorated, while the alkalinity of the semen increased.
Only after six months could the semen quality once more be regarded as
satisfactory.

One bull was slaughtered after six months. Pathological and histo-
pathological examination showed mild inflammatory changes in the
epididymis, ampullar portion of the vas deferens, the seminal vesicles,
colliculus seminalis and the penis mucosa.

Virus “F.H.335” was inoculated directly into the tail of the epidi-
dymis of a susceptible bull, which was slaughtered seven days later. The
tail of the epididymis of this bull was enlarged to approximately twice its
former size, while there was, in addition, a marked oedema of the scrotum
and of the connective tissue of the spermatic cord. Microscopic examina-
tion revealed a pronounced orchitis and epididymitis with dense cellular
infiltration and sperm extravasation.

Intratesticular inoculation of virus in another bull failed to elicit
any significant changes, and when slaughtered after seven days, only
slight interstitial oedema with mild cellular infiltration could be demon-
strated in the testes.

Natural transmission of virus “F.H.335”. A clean cow was served by
an artificially infected bull nine days after infection. After 48 hours.
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an acute anterior vaginitis accompanied by a copious, streaky, purulent
discharge was seen. High titre virus was isolated from the discharge.

After five days the condition had become even more acute, the discharge
once more yielding high titre virus. This vaginitis persisted for more than
a month, but virus could no longer be isolated on the twelfth day or
thereafter. Smears showed no bacteria. High titre antibodies to virus
“F.H.335” were demonstrated 30 days after infection. This cow did
not conceive from the abovementioned service.

Serum-Virus Neutralization tests with Virus “F.H.335".

Tests cafried out on sera obtained from cows and bulls in herds
2, 3, 4 and 5, revealed significant antibody titres against virus “F.H.335”.

Comparison between virus “F.H.335” and the Infectious Pustular
Vulvovaginitis (I.P.V.) virus. The viruses causing infectious pustular
vulvovaginitis (I.P.V.) and infectious bovine rhinotracheitis (I.B.R.) have
been shown by two groups of workers to be identical.!® ' Cross neutrali-
zation tests have been carried out to compare the I.P.V./I.B.R. virus with
virus “F.H.335.” Complete cross-neutralization between these viruses
has been demonstrated. Intranasal and intratracheal instillation of virus
“F.H.335” into four susceptible animals failed to elicit any febrile reaction
or respiratory symptoms whatsoever.

DiscussioN

From the result of the small pathogenicity trial carried out with the
vaccinia-like virus “B.1”, it appears that no vaginitis syndrome can be
attributed to this virus. No experiments with virus “B.1”’ have been
performed in bulls, so far.

The Group II viruses have not been examined very extensively as yet,
due to fear of cross-contamination with virus “F.H.335.” At this stage
this group must be regarded as being of unknown significance. The
grouping is only on a basis of their similar cytopathology and serological
dissimilarity with the Group III viruses. It is thus quite conceivable that
the members of this group are, in fact, not identical viruses, but until
further investigation has been carried out, they will be grouped together
for convenience sake.

The Group I1I viruses, of which “F.H.335” has become the serotype,
have been isolated from four widely separated farms in the Transvaal,
where clinical “epivag”, or a similar vaginitis syndrome was in evidence.
A number of animals on all four farms has shown high titre antibodies to
virus “F.H.335.”

Cows experimentally infected with virus “F.H.335” show an acute,
persistent vaginitis indistinguishable from the naturally occurring disease.
The pathogenicity of this virus for the bull has been clearly shown, but no
epididymitis of the type observed on ‘“‘epivag” farms has been produced
experimentally with this virus.
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The virus has been transmitted from bull to cow by coitus, but as
vaginitis has been observed in unserved heifers on infected farms, it
would appear that this is not the only mode of transmission.

Serologically, virus “F.H.335” is identical to the I.B.R./L.P.V.
virus. The clinical disease associated with virus “F.H. 335”, however,
differs from the diseases caused by the I.B.R./LLP.V. vir