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IN ] 882 Koch announced the discovery of the organism causing tuberculosis. 
As a result of further work by him he observed that a certain reaction was 
obtained from guinea-pigs suffering from tuberculosis when they were 
injected with live organisms of this disease. This reaction, which became 
known as Koch's phenomenon was not obtained when healthy guinea-pigs 
were inoculated with virulent organisms of tuberculosis. This same reaction 
was again given when tuberculous guinea-pigs were inoculated with dead 
organisms of tuberculosis. The conclusion arrived at as the result o£ this 
work was that the reaction was set up by some substance or substances common 
to both dead and live organisms of tuberculosis. 

Koch now desired to obtain this active principle in solution and by 
growing M. tuberculosis in glycerine broth for 6 to 8 weeks at 38° C., killing 
the growth at 100° C., concentrating it down to 1

/ 10 of its volume and finally 
filtering it, he was able to prepare a product that was, and still is, known as 
Koch's old or original tuberculin. The reactions given to this tuberculin 
made Koch (1890 and 1891) hopeful o£ using this product both as a prophy
lactic agent and a curative agent for tuberculosis. Unfortunately these 
expectations were only realised to a very slight degree. 

Other workers such as Guttman, Roeckl and Schuetz, Bang and 
Salomonsen, Lydtin, Bang, Nocard, Hutyra and Calmette investigated the 
possibilities of using tuberculin as a diagnostic agent for the presence of 
tuberculosis in cattle with encouraging results. . . 

In 1892 N ocard formulated a method whereby the tuberculin should be 
used and described how the resulting reactions shoul.d be interpreted. This 
may be regarded as the commencement of the use of tuberculin as a diagnostic 
agent for the presence of tuberculosis. This test was known as the sub
cutaneous test on account of the tuberculin being injected under the skin of 
the subject to be tested. All this work was carried out on cattle. 

TuBERCULIN TEsTs . 

Following closely on the adoption, of the subcutaneous test for the 
diagnosis o£ tuberculosis·, many workers further investigated the use of 
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tuberculin in an attempt to improve and find new methods of testing. Van 
Pirquet (1907) introduced the cutaneous test which consisted of three 
scarifications of the skin, 3 to 4 mm. long at intervals of a few centimeters. 
On two of these scarifications was placed and spread a drop of Koch's r aw 
tuberculin diluted 1-4 in sterile glycerine. The third scarification served as 
a control and received no tuberculin. The individual on whom the test was 
carried out was examined after 24 and 48 hours. (Calmette.) This method 
was utilized by Vallee in cattle. Some reliable results were obtained, but 
the general view held was that it was unreliable and, therefore did not find 
favour with the owners of the tested cattle. Slight mudifications of van 
Pirquet's test were made. Lignieres (1908) simply shaved the skin and 
rubbed in a few drops of raw tuberculin without having first scarified the 
part treated. This test has not been carried out extensively on cattle. Moro 
(1908) incorporated raw tuberculin in lanoline and rubbed the ointment over 
some small tender area of the body. This has also been tried on cattle. 
Malou (1932) reports the use of special discs of small pieces of paper soaked 
in concentrated tuberculin and applied to the skin without prior scarification. 
He claimed reliable results for this method. W ol:ff-Eisner and Calmette 
(1907) described reactions obtained by instilling one drop of dilute tuberculin 
into the conjunctival sac of tuberculous human beings. Vallee tested this 
out in tuberculous animals the same year with promising results. More 
reliable results are obtained by instilling concentrated solutions of tuberculin 
into the eye. This test did not find general favour on account of its 
unreliability. It is known as the ophthalmic test. 

Mantoux (1908) introduced the injection of a dilute solution of tuber
culin into the dermis as a test. Moussu injected concentrated tuberculin 
into the dermis of the eyelids of cattle, and this became known in veterinary 
circles as the intradermopalpebral test. A further modification of this test, 
the intrapalpebral, was introduced by Favero and Finzi (Hutyra, Marek and 
Manninger). They injected the tuberculin into the subcutaneous tissues of 
the eyelid.and the results given combine to an extent the reactions following 
the subcutaneous, intradermal and even the ophthalmic tests. Finally, 
Schmidt and Haupt and J anuschke (Hutyra, Marek and Manninger) injected 
concentrated tuberculin into the connective tissue of the conjunctiva-this 
is known as the subconjunctival test. The reactions obtained by this methe>d 
resemble those seen in the intrapalpebral test. It has been claimed that 
these last two methods of testing ·yiel.d even more reliable results than those 
given by the subcutaneous test . 

. The intradermal test proper was carried out first by Moussu and Mantoux 
(1932) and achieved great popularity. After having tried this method out 
extensively in Great Britain, a report was published by Buxton and his 
co-workers (1925) and presented to the British Tuberculin Committee of "the 
Medical Research Council. As a result of experi€nce, a modification was 
suggested in the method of application of the test. Instead of a single 
injection intradermally, two intradermal injections into the same site were to 
be made. This test is known now as the double intradermal and is preferred 
to the subcutaneous test although at times they are used in conjunction. 

Tuberculin Testing in Sout h Ajrica.-Up to 1928 the subcutaneous test 
was the method in vogue for the diagnosis of tuberculosis in cattle and 
apparently gave good results (Chalmers, 1927). There were, however, a 
number·o£ objections raised to its continued use by Viljoen (1927) and Power 
(1927). This test could be applied to tame stabled. cattle, but when it came 
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to the testing of sem1-wild or ranch cattle, its results could not be relied 
upon with any degree of certainty (Goodall, 1927). The mere fact of bringing 
such animals into ·a stable and the handling was often followed by a rise in 
temperature which obscured the interpretation of the test. The long periods 
o£ observation and the frequent taking o£ temperatures were other objections 
raised to this method of testing. With the introduction of the double intra
dermal method, the taking o£ temperatures was done away with as a routine 
measure as the reaction, if any, was usually chiefly local. The result was 
that any animal whether accustomed to being handled or not, stabled or 
running wild, could be tested successfully. As is recognised, however, neither 
this nor any biological test is 100 per cent. reliable. 

The Intradermal Test.-In most parts of the world this is now the 
recognised test £or the presence of tuberculosis in animals. Some countries 
use the single method, i.e., one injection o£ tuberqulin only, while others 
have adopted the double method, i.e., two separate injections of tuberculin 
into the same site in the skin at an interval o£ 48 hours. Each method has 
its own advocates. In the experience of the writer a positive reaction will 
u,sually be shown after 24 hours after the first intradermal injection. Moussu 
and Mantoux (1932) recommended the caudal £old for the site of the injec
tion, while others prefer the injection to be made into the skin at the side 
of the neck. In South Africa the subcaudal fold was at first the site used, 
but owing to this area being one o£ the predilection sites £or tick infestation 
this was given up in preference to the side of the neck. This site is also used 
in Great Britain. 

Difficulties of the Test.-Certain objections have been raised to this 
method of testing. It is claimed firstly that a number o£ animals that give 
positive reactions do not show lesions o£ tuberculosis in spite o£ a careful 
post-mortem examination, and secondly a number of animals give reactions 
which are neither definitely positive nor aefinitely negative, thus making it 
difficult for the operator to give a correct decision. 

It is not the intention of the writer to consider fully the different 
suggested explanations £or these two problems, but brief mention will be 
made about each. · 

Technique.-Certain errors in carrying out the test may give rise to 
difficulties in interp~eting results. Buxton and MacN alty (1928) stress the 
fact that the point of the needle should lie in the deepest layers o£ the derma. 
H by chance the needle enters the subcutaneous tissues no local reaction will 
result. On the other hand, if the injection is made immediately under the 
surface epithelium, swellings will occur which are difficult to interpret. In 
tuberculous animals such an injection may give rise to a hard circumscribed 
swelling with but little oedema (Buxton. and MacNalty, 1928). Wier (1935) 
states that superficial injections may cause in reactors a large but circum
scribed painful nodule which is unattached to the underlying skin, but it 
may also occur in hide-bound animals. In discussing injections made too 
deep, he also asserts . that swellings may reach 25 mm. in diameter but be 
hard and circumscribed or the t-q.berculin may spread giving rise to an 
elongated swelling with ill-defined edges. In neither case is the swelling 
accompanied by pain. De Kock (1932) mentions " the delicate operation of 
introducing the tuberculin at the proper part ''. Green (1939) draws 
attention to the site o£ injection. He stresses the importance o£ not injecting 
too low down on the neck in case the oedema in a reactor may be masked by 
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loose folds o£ skin. He also states that in this situation the oedema may 
disappear more rapidly than it would do i£ the injection had been made 
higher up the side o£ the neck where the skin is fairly firm and tense. 

Finally in bulls and oxen with extremely thick skin over the neck region 
the injection should be made over the shoulder blade, where the . skin is 
usually thinnest. Washing o£ the site o£ injection is recommended by 
Buxton and MacN alty (1928) while Wier (1935) and Douglas (1937) state 
that disinfection o£ it is contra-indicated. The writer in carrying out tests 
o£ many animals in the Union has never disinfected the skin. 

Jorgenson (1937) states that when tuberculin is injected into the deeper 
layers o£ the skin a stronger reaction develops than when it is injected more 
superficially. He further discusses the intensity o£ reactions in the intra• 
dermal test as used in Denmark. An analysis o£ 85 animals' reactions was 
0·22 mm. greater when the injection was made behind the shoulder instead 
of in front of it. He experimented with varying doses of tuberculin (0 · 05, 
0·1, and 0·2 c.c.) £or injection and showed that the largest dose caused the 
strongest reaction but stated that the smallest dose gave an unmistakable . 
one. Buxton and MacN alty (1928) recommend a dose o£ 0 · 1 c.c. Buxton 
and Glover (1939) stress the £act that concentrated tuberculin in doses o£ 
0 ·1 c.c. should be used for cattle owing to the low order o£ dermal sensitivity 
in these animals. 

Sa Viana Conte. H. and Belo, M.M.A. (1936) state that in Portugal the 
intradermal tuberculin test has given niuch better results when performed on 
the side o£ the neck than in the caudal £old. 

Various opinions are expressed about the measurement of the skin during 
testing. Tutt (1928) in a personal communication to a questionnaire sent out 
by Buxton and MacN alty (1928) suggests the discontinuance of measurements 
in favour of palpation. T~ese two workers could not agree entirely with him, 
but state that the true criteria o£ a positive reaction are the production o£ 
swelling, heat and tenderness around the site o£ injection while the measure
ment o£ the increase in skin fold thickness is simply a method of recording 
the degree o£ swelling produced by the injection. 'l'hey give figures for 
average skin measurement increase in 39 non-tuberculous animals as 3 mm. 
and for 39 tuberculous animals as 12 ·74 mm. Finally they state that it is 
impossible to lay down any definite increase in skin measurement which 
could be taken as absolutely diagnostic o£ tuberculosis. 

Glover (1931) states that the character o£ the swelling is of greater 
importance than the size. Green (1933) as a result of his experiences in 
carrying out the tuberculin test in Durban, comes to the conclusion that it is 
better to rely on the clinical character o£ the swelling than merely on the 
increase o£ skin measurement. He goes so far as to state that after some 
experience it is better to discard the callipers altogether. Laenkolm (1934) 
after discussing the Danish regulations £or the testing of cattle, states that 
in his opinion the palpation o£ the swelling is generally the most reliable 
measure £or deciding a positive or negative reaction. Wier (193.5) holds the 
view that measuring o£ the skin is not to be recommended. Douglas (1937) 
does not advise measuring the skin at the time of injection, but at th'e 48th 
hour he measures a normal skin £old and then the site of the swelling 
resulting from the first injection. · · · 

On the other hand ve~y definite views are held by Continental authorities 
as to the essential part played by the skin measurements in assisting the 
interpretation of a test. 
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Stenius (1932) points out the bad points of the slide rule callipers 
commonly used for measuring the skin. The disadvantages claimed are that 
they are difficult to manipulate accurately with one hand and the minimum 
unit of the scale, viz., the mm., is considered too large. He introduced an 
improvised instrument which shows the readings up to . a tenth of a 
millimetre. 

Christiansen (1933) states that callipers must be accurate and graduated 
in hal:f-millimetres. In his opinion, in :;J, herd believed to be free from 

.tuberculosis where the single intradermal test has been carried out, an 
increase in measurement of the site of injection of 2·5 mm. or over is indi
cative of a positive reaction. In other herds an increase of 3 · 5 mm. or over 
in the skin measurement is classed as a positive reaction while an increase of 
between 1·5 mm. and 3·5 mm. suggests a suspicious case. 

Gotze and Muller (1936) describe a special form o£ callipers in which 
a spring regulates the compression o£ the jaws of the instrument in order to 
obtain a fixed and constant pressure in all measurements of the skin. A. 
geared pointer on a dial gives measurements within 1 mm. 

Zeller (1936) decided that an increase of 3 mm. in the skin measurements 
indicates a positive reactor and states that on post-mortem examination 96 · 8 
per cent. o£ these reactors confirmed his views. It must, however, be stated 
that this work was carried out on animals that had already been condemned 
for open tuberculosis by clinical examination. 

Hancock (1939) gives some views on what he terms a " Pinch " and a 
" Wipe " measurement and shows that there may be a difference of 4 mm. 
or more in one swelling by these two methods. The possibility o£ obtaining 
such differences · was due to his using callipers o£ the compass type, i.e., 
two arms with a ball on each end instead of the usual sliding bar type 
commonly in use. He is in favour o£ the " pinch " measurement being 
adopted £or interpreting the degree of swelling. Llewellyn Jones (1939) 
criticises Hancock on his suggestions regarding " pinch and wipe " measure
ments and advises against using the compass type of calliper, prefering the 
usual sliding bar type. · 

With these different methods o£ technique and different rules laid down 
by various operators, it is quite conceivable that errors in interpretation 
may take place. 

When the interpretation o£ reactions is considered, various opinions 
are again expressed. Malcolm (1932) discusses the value o£ tuberculin tests 
and states that apart from human errors or unsuitable tuberculin, the test 
is 100 per cent. accurate. The Australian workers have marked views on 
the interpretations o£ tests. Henry (1936) states that the disadvantages of 
the intradermal test are that results and the interpretation of the test rest 
so much on the skill and ability o£ the .operator. Fethers, cited by Symonds 
(1936) points out that " no lesion " reactors are often due to the testing 
being done under difficult circumstances and to the post-mortem search for 
lesions not being sufficiently thorough. 

In a discussion at a meeting of the Lancashire· Division of the National 
Association of Veterinary· Medical Associations in December, 1932, it was 
agreed in the main that the demonstration o£ heat and pain is necessary 
for the diagnosis o£ a positive reaction as well as local swelling. 
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Spicer (1932) lays stress upon the importance of recogmsmg slight 
oedema in reactions. Green (1933) is of the opinion that a definite positive 
or negative reaction is easy to interpret and holds that the cardinal. symptoms 
of a positive reaction are the inerease. in skin measurements accompanied by 
oedema, pain and heat, while confusion only arises in interpreting results 
'rhei'e border-line or doubtful reactions are experienced. He classifies these 
reactions as-

1. Slight oedema with no pain on palpation. 
2. Slight oedema with pain on palpation. 
3. Hard oedematous swellings. • 

H e advises operators not to give a definite opinion if they encounter reactions 
of this nature but to retest such animals within a :fortnight. His descriptions 
of each of these groups are of much use to those who have to conduct many 
tuberculin tests on cattle. 

Wier (1935) asserts that enlargement o:£ the site of injection accompanied 
by slight pain may be caused where rubbing, due to irritation, takes place. 
He is of the opinion, however, that reactors do not rub the site owing to pain. 
In interpreting results, he states that reactions should not be judged by the 
size of the swelling but by its nature and holds strongly to the view that the 
cardinal symptom of a reaction is the presence of pain. . 

Douglas (1937) has different views regarding pain accompanying reac
tions o:£ any nature and expresses the view that little weight should be given 
to the presence o:£ pain as a deciding factor in thB case of a doubtful reactor. 
He mentions other symptoms which may assist one in coming to a definite 
conclusion, such as enlargement of the prescapular gland on the side injected, 
systemic symptoms such as rigors, a high temperature, and a drop in the 
milk yield. 'fhe writer has also experienced cording of the lymphatic vessels 
close to the ·site of injection in some positive reacting animals. In conclu
sion Douglas holds that the character of the swelling is of much greater 
importance than its size. · 

SENSITIZATION OF CATTLE TO TUBERCULIN. 

In attempts to explain " no lesion " reactors, many explanations ha\e 
been suggested. Schroeder (1926) expresses the view that undue importance 
is given to the question of the " no lesion " reactor, holding that the 
number of such reactors is negligible in comparison with the number of 
animals tested. He says, " Tuberculosis in most instances is a chronic slowly 
progressive disease and the tuberculin test supplies no information about 
the_ age, the volume o:£ the lesions nor the virulence of the responsible 
~ubercle bacilli. Bearing this in mind we cannot :fail to appreciate that 
1t would be surprising i:£ we did not find some animals that react before 
lesions can be discovered in their bodies." This is the " presensitive stage " 
referred to by de Kock (1932). Schroeder goes further and states that the 
Federated Bureau of Animal Industries o:£ the United States of America 
examined tissues from several. thousand so-called '' no lesion '' reactors and 
-proved without doubt that about 25 -per cent. were infected with tubercle 
bacilli or were early, incipient, or undeveloped cases of tuberculosis. 
. Moussu (1932) suggests that cattle in heavily ·infected herds may 
mhale large numbers of desiccated tubercle bacilli which are incapable 
of producing progressive lesions but which may cause positive reactions 
to the tubercuhn test. · 
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De Kock (1932) stresses the point that a tubercu'lin reaction signifies 
an infection and not n€cessarily a tuberculous disease and states that the 
absorption 01~ harbquring of tubercle bacilli sufficient · to sensitize the animal 
tissues does not always of necessity result in or le'ad to tuberculous pro
cesses visible to the naked eye. 

Stenius . (1933) quotes statistics from Finland collected over a period of 
10 years. 'l1iese show that about 0 ·1 per cent. of all cattle killed for food 
purposes were tuberculous, while on the other hand tuberculin tests showed 
an incidence of positive reactors of 2 per cent. to 3 per cent. Investigations 
carried out as a result of these findings showed that on several farms where 
tuberculin tests gave weakly positive ~eactio:q.,s these cattle frequently were 
owned by persons affected with open tubercu1osis. In some few cases the 
human type of M. tuberculosis was isolated from cattle, but usually the only 
.indication of infection was an intradermal tuberculin reaction, although in 
these animals no reaction was given to . the old subcutaneous test: 

Hindersson (1933) while carrying out post-mortem examinations on 
positive reactors on many farms, encountered a number of " no lesion " cases. 
S~spensions of lymph glands from these animals w4en injected into guinea
pigs caused lesions of tuberculosis and cultures made from them revealed the 
human type of 111. tub.erculosis. Medical examinations of the attendants on 
these farms- demonstrated in every case that a person attending these animals 
was suffering from active pulmonary tuberculosis accompanied by coughing 
and expectoration. Many of these reactors reacted equally well to tuber
culin made from either human or bovine strains. As a result an experimental 
calf was fed with M. tuberculosis (human type) -and subsequently tested. It 
reacted but at post-mortem examination no lesions of the disease were found. 
As a result of the inoculation of guinea-pigs with emulsions of the lymph 
glands, Mycobacterium tuberculosis (human type) was isolated from the 
lesions caused. 

De liuck (1932) reviews different m~thods of tuberculosis eradication, 
viz., Bang's, Ostertag's, the 1925 Tuberculosis Order of Great Britain, and 
the accredited herd plan of America. Bang's method suggests an annual 
tuberculi~ test while Ostertag favours tuberculin tests every 3 months where 
cases have occurred. He advises that tests in South Africa should be carried 
out at intervals of 2 to 3 months until two consecutive neg·ative tests are 
obtained. This brings up the question of a possible sensitisation of negative 
animals as a result of frequent injections of tuberculin . 

• 
Buxton and Glover (1939) report on this aspect of the tuberculin test. 

Their conclusions are that the site of injection, and for a distance of 2 to 4 
inches from it, show an area of increased sensitivity for about three weeks 
and recommended that in the case of a re-test a distance of at least 6 inches 
away fr.om the previous site of injection should be chosen. This is pre~ 
supposing that the re-test takes place some few weeks after the original test. 

Jackson and Diesel (1939) stawd that in Natal where a number of herds 
were under test for the eradication of tuberculosis, in most of them all cattle 
had been submitted to testing on numerous occasions and the majority of 
them had given two consecutive negative tests . Recently at the annual 
testing a number of cattle that had previously given neg-ative reactions 
showed swellings that simulated doubtful reactions. The increased measure
ment had sometimes been two and three times greater than the original skin 
fold figure and there had been · slight pain and even a slight oedema. 
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Re-tesin,g had not assisted and on post-mortem examination of the more 
suspicious cases no visible lesions of tuberculosis had been found. Biological 
tests of gl.ands from these had proved negative. No cases of opeD. tuberculosis 
among owners or attendants had been observed. C,attle, newly introduced 
on to these farms tested at the same time with the same batch of tubereulin, 
gave clear-cut negative reactions. A number of these doubtful reactors had 
been tested with avian tuberculin with definitely negative results. It is 
sugges.ted that sensitisation, as a result of previous injections of tuberculin, 
may have taken place. · 

THE AviAN TYPE OF M. Tuberculosis IN CATTLE. 

At the present tim~ much attention is being focussed on -chis type of 
M. tuberculosis in ~onnection .with doubtful reactions shown while testing 
animals !or tuberculosis. Plum (1926) isolated the avian type o£ 11!. tuber
culosis from the placenta of a cow that had aborted. Post-mortem examina
tion revealed lesions in the uterus, the mesenteric lymph glands, the lung 
and the bronchial gland. The bovine type of the tubercle bacillus was 
isolated from the bronchial gland and both the bovine and avian type of 
M. tuberculosis from the lung lesions. Both Plum and van Heelsbergen 
consider the avian type of 111. tuberculosis. to' be the commonest cause of 

. abortion in cattle if the condition is caused by tuberculous infection. 

Minett (1932) while testing cattle for the presence o£ J ohne's disease 
with Johnin obtained doubtful reactions . With mammalian tuberculin very 
slight reactions were seen but with avian tuberculin marked positive reactions 
resulted. From the glands of the alimentary tract of three out of four animals 
111. tuberculosis of the avian type was isolated while in the fourth case this 
type of organism was obtained from the apparently normal intestinal mucous 
membrane. Post-mortem examination carried out on all these cases failed 
to reveal the presence of lesions of bovine tuberculosis or J ohne's disease. 
Van Heelsbergen (1932) claims that avian tuberculosis occurs much more 
commonly in bovines than is generally diagnosed. I·n such cases lesions are 
mainly confined to the lymph glands of the digestive and other organs. 

In the report of the Chief of the· Bureau of Animal Industry, United 
States of America (1933) it is stated that evidence has been obtained that 
contact between cattle and tuberculous fowls could cause a sensitivity to 
tuberculin in cattle during the time of contact. 

Gloyne (1933) found that the infection of cattle with avian 111. tuber
.culosis usually takes the form of isolated lesions. He records that van Es 
found the avian type of organism in 11 out of 115' cattle exhibiting isolated 
lesions of tuberculosis. Feldman and Schlotthauer (1935) recount. an 
experience with a herd of cattle tested regularly for 11 years with negative 
results. Suddenly 21 positive reactors were found. It was known that this 
herd was in direct contact with a flock of tuberculous fowls . Post-mortem 
examination was carried out on a considerable number of these reactors but 
no lesions of tuberculosis could be found. In the remainder of these animals 
small isolated lesions were found in the skin and mesenteric lymph glands at 
post-morten'l.. Material from 11 of these animals was injected into rabbits, 
guinea-pigs and fowls, and from three the avian type of 'Jf. ·tuberculosis was 
obtained. . 

Christiansen (1935), found that in a tuberculosis eradication campaign 
among cattle in the small islands round Denmark, although the avian type of 
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tuberculous infection was more common in young bovines (calves and heifers), 
it was by no means unusual for older animals to give reactions to avian 
tuberculin. On the average the r~actions were weaker in this class of animal. 

In a report issued by the Special Committee of the American Veterinary 
Medical Assooiation on tuberculosis (1935) one of the . conclusions arrived at 
is that the-sensitization of cattl.e with the avian strain of ill. tuberculosis 
may have some b~aring on the " no visible lesioh " problem. 

Timoney (193l:l) givet~ a list of workers who have described cases of avian 
tuberculosis in cattle and states that in the great majority of these cases they 
are of the oenign form. The lesions were localised and 1·etrogressive being 
generally confined to associated lymph nodes of the alimentary tract, and 
occasionally to the uterus and. subcutaneous tissues. He isolated JJf. tuber
culosis of the avian type from the mi.lk of a certain number of cows. As a 
rcs-qlt of artificially infecting a cow by means of introducing the avian type 
of organism into the milk cistern, this author states that in so-called low 
positive or doubtful reactors to bovine tuberculin, both types of tuberculin, 
avian and bovine, should be used. .He further suggests that the avian type 
of M. tuberculosis may be found to be one of the principal offenders in the 
causation gf many of the doubtful reactors when bovine tuberculin is injected 
intradermally. He comes to the conclusion that one of the characteristics 
of the avian type of infection is the absence of any demonstrable naked-e:ye 
lesions although infection is present in the tissues. Such animals will give 
a definite and pronounced reaction when injected with avian tuberculin. 

In Seuth Africa ·to-day many of the doubtful reactors to the intradermal 
test with bovine tuberculin are retested, using both bovine and avian tuber
culin. As far as the writer is aware, not many cases of avian tuberculosis in 
bovines have so far been observed. 

The Shn Lesion Cases.-Much investigational work has been carried out · 
in order to prove or disprove the view that many so-called " no lesion " 
reactors are actual cases of tuberculosis of the subcutaneous tissues. 

De Kock (1932) draws attention to the fact that in South Africa little or· 
no attention has been paid to the presence or absence of skin lesions in tuber
culin reacting cattle and states that in the United States of America this 
has formed an important and extensive study. He states that these cases 
often appear in herds that have been tuberculosis-free for some time and in 
which no contact with the disease has occurred. The lesions are found on 
the legs, shoulders or teats. Work carried out on organisms isolated from 

, these lesions show that they are definitely acid-fast in character and cause 
reactions to tuberculin that are not always typical. Marsh, Warren and 
Morrow (1932) concur with these statements and assert that the subcutaneous 
lesions are almost confined to milking cattle and are usually to be found on 
the teats. Acid7fast organisms can frequently be demonstrated from these 
lesions and i.f injected into small animals can occasionally set up lesions 
from which acid-fast organisms can be recovered. Cultural efforts in their 
hands were unsuccessful and they expr·ess a doubt as to whether they are _a 
M. tuberculosis strain. vVhen tested with- bovine tuberculin intradermally 
animals that show these lesions give varying and indefinite positive reactions. 
No reactions are observed when the subcutaneous or the ophthalmic tests 
are applied, and little, if any, response is shown when avian tuberculin is 
injected intradermally. From the evidence submitted the bacteria producing 
these subcutaneous lesions do not appe:u to .be able to prod11ce generalized 
tuberculosis. 
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In a report by the Chief of the Bureau of Animal Industry, United 
States ,of America for 1933, it is stated that further investigation into the 
skin lesion problem has been carried out and two acid-fast orgamsms isolated. 
When these were injecte<f into test animals similar skin lesions were caused 
but they healed up after four months. During these four months these 
animals were sensitive to the tuberculin test. 

Daines and Austin (1933) isolated 3 types of organisms from so-called 
'' skin lesions '' : -

(a) 

(b) 

An acid-fast diphtheroid, forming dry rough colonies on agar. 
This most frequently caused nodules when injected into animal.s. 

An acid-fast diphtheroid forming moist glistening colonies ou 
agar. 

(c) A non-acid fast organism showing great pleomorphism. 

Some cows injected with these organisms showed skin lesions some of 
which were typical. Intradermal tests with tuberculin on these cattle gave 
reactions that varied from negative to suspicious. The authors suggest that 
the organism (a) is an undescribed new species. 

Continuing their work these same two authors (1934) isolated 4 groups of 
organisms from skin nodules of tuberculin reacting cattle, viz. :---

(1) An occasional M. t~tberculosis strain of the bovine type. 
\~) A partially or non-acid fast pleomorphic chromogenic bacillus. 
(3) A pleomorphic orange coloured acid-fast chromogenic bacillus. 
( 4) A non-acid fast, non-chromogenic, pleomorphic bacillus . . 

Repeated injections into cattle of organism No. 3 caused apparently 
typical skin lesions. Two cows so inoculated gave definite but transitory 
tuberculin reactions and pronounced allergic reactions with a protein filtrate 
of the org'anism. They suggest that the No. 3 group of organisms is the 
cause of skin lesions and that at the same time a transitory sensitiveness to 
tuberculin is also set up. 

Feldman (1934) made a histological study of the so-called " skin 
lesions " that occur -in the subcutaneous tissues of cattle. This condition 
appears to be widely distributed throughout the United States of America. 
Thirty-four specimens of subcutaneous nodules were obtained from cattle 
that had given positive tuberculin reactions but which on post-mortem 
examination had revealed no lesions of tuberculosis. These i;!pecimens were 
irregular nodular masses varying in size from 1 to 4 em. in diameter, an·d they 
were situ·ated in the -corium and underlying subcutaneous tissues. More 
than hal£ of them showed varying degrees of calcification. From 22 out of 
the 34 specimens acid-fast organisms were obtained. In some of -~hese the 
bacilli were numerous, in others 1'ew. ln addition, in the cell debris some 
non-acid fast organisms were seen. Histologically the lesions bore a consider
able resemblance to those of tuberculosis. The conclusion drawn was that 
M. tuberc1tlosis was not the causal organism. 

Lobel (1934) describt->s a nodular skin condition in buffaloes that is 
situated mainly in the corium. Acid-fast bacteria and granules were found 
in the fatty contents of the nodule. These nodules might show foci of 
necrosis or calcification. He was not able to cultivate the organisms. Eight 
of these affected buffaloes were tested with bovine tuberculin by the 
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ophthalmic method and thr·ee gave positive reactions. When tested by the 
subcutaneous method using bovine and avian tuberculin no reactions were 
obtained. The author concludes that this condition has nothing whatever to 
do with tuberculosis or the skin nodules of tuberculin reacting cattle 
described mainly from America. It resembles rather nodular leprosy of ma11 
and he, therefore terms the condition " lepra bubalorum ". 

~ -

That skin lesions caused by JII. tuberculosis are not confined to cases in 
cattle is confirmed by Aramy (1934) who states that post-mortem examination 
of positive reactors to the tuberculin test in pigeons revealed lesions, usually 
in the joints and in the skin. 

Prendergast (1936) ·states that as a result of a survey of a very large 
number of tuberculin reacting cattle showing skin lesions, he failed on . post
mortem ex::.mmation to find internal lesions of tuberculosis in 95 per cent. of 
these catt-le. He suggests that in these mstances the intradermal reaetions 
were not altogether typical. 

Crawford (1936) makes reference to skin lesion cases and claims that the 
organisms found in these lesions do cause a sensitivity to tuberculin. He 
isolated two new acid-fast organisms of this type and in animals maculated 
with them " skin lesions " were obtained. When these animals were tested 
with tuberculin, reactions were irregularly obtained . With avian tuberculin 
the reactions were stronger than with mammalian. From one of these [ltrains 
a " tuberculin , was prepared and gave some positive reacti<Jns in tuber-
eulour; cattle and in cattle showing " skin lesions ". The reactions of these 
cattle were mark:ed, however, when tested "·ith American Standard 
tuberculin. 

Robertson and Hole (J937) describe twelve " skin lesion " tuberculin 
reactors_, On post-mortem examination nothing could be found internally 
and a biologi~al examination also gave negative results. In eleven casef;l out 
<Jf twelve acid-fast organisms were observed in the nodules. On. media 
commonly used for the isolation of llf. t11berculos·is these organisms would 
not grQ.w and animal inocuhi.tions were all negative. The conclusions come 
to by these authors were that these organisms caused a sen~itization to tuber
culin but were not necessarily the primary cause of the lesions. They admit 
the possibility of their being an atypical M. tuberculosis but incline rather 
to the view that they were probably of the saprophytic type of organil'ms 
causing a group sensitization to tuberculin. Brook (1937) refers to a condi~ 
tion in the United States of America and Canada known as "skin tuber
culosis " and states that .it received this name because a propmtion o£ the 
affected cattle reacted to the several tuberculin tests although on pqst-mortem 
examination the animals are usually f<Jund to be free :from microscopic 
lesion&. of genuine tuberculosis. He quotes Hagan (1930) who stated that. 
Perard and Ranwn (1913) were the first to describe this condition. He gives 
a good description of the lesions seen and mentions the site of their occur
rence. From his investigations he stated that most of these cases seen were 
in herds that were free from genuine bovine tuberculosis and that . a few 
cattle only were affected in a given herrl at one time. Communicati6ns that 
he had received from field veterinary -officers stated that if these lesions were 
removed surgically the animal lost its sensitivity to tuberculin. In personal 
communications from leading authorities in Sweden, Finlanrl, Denmark, 
Germany and Switzerland, they all stated that the above-mentioned condition 
was unknown in their respective countries. 
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STANDAIWIZATION OF 'runERCDLJK. 

In order to obviate doubtful reactions it has been asserted that tuber
culin for use in animals should be of a definite standard. All tuberculin for 
human use is standardised accordiug to the l•'rankfort standard, which is the 
old .:standard of Ehrlich. In the Union, tuberculin is standardised agai~st 
the Frankfort standard and the strength o£ tuberculin recommended for field 
work should be at least slightly stronger but twice standard should be aimed 
at in order to obtain the best results. · 

In the second repo:rt · of the Tuberculin Committee to the Medical 
Research Council (1928) two recommendations were made as a result of 
further experience in the carrying out of the tuberculin test, viz., that an 
increased strength of tuberculin might be employed. It was suggested that 
the actual dose (0 ·1 c.c.) should not be increased but a more potent form of 
tuberculin should be utilized. The second recommendation was that in orde:r 
to obtain consistent results a stand:udized tuberculin should be used. 

Buxton (1928) in an appendix to the above report gives a method o£ 
standardisation. The standard he used was his own and apparently he was 
not using the old Frankfort standard. Glover (1931 and 1932) as a result 
of having carried out a large number of double intradermal tests on cattle 
stres,sed the desirability of utilizing a:' standardised tuberculin. 

De Kock (1932) laid down that in South Africa the test should be under
taken only under special conditions and one of these was " all tuberculin 
tests in any scheme adopted should be carried out with properly standardised 
tuberculin ". This was in an effort to eliminate the doubtful reactor to the 
test. · 

Glover (1933) being of the opinion that non-specific reactions to the 
double intradermal test might be caused by various ingredients contained in 
the media on which tuberculin was prepared, set out to manufacture tuber
culins on synthetic media. These he ·purified by chemical means. On testing 
these tuberculins out on tuberculous cattle under laboratory conditions he 
found that they were not less potent than a " standard " tuberculin. In 
negat:lve animals the reactions p1·oduced by the tuberculins made on synthetic 
media gave appreciably smaller reactions than did the . tuberculin produced 
on the usual media. 

Buxton and Glover (1933) confirmed these laboratory results by using 
the tuberculins prepared by their methods on cattle under· field conditions. 
Dorset (1934) comparecl the " old " tuberculin of Koch with tuberculin 
prepared on a synthetic medium. A few more reactions were given to the 
synthetic medium tuberculih than to the " old " tuberculin, but the pel"
centage of " no lesion " reactor~ on autopsy was about the same. He was 
also o£ the opinion that the stronger the tuberculin the fewer non-specific 
reactions were obtained. 

· Buxton (1934) continuing with the preparation of tuberculins on 
synthetic media remarked on the difference in the tuberculin sensitiveness of 
cattle as compared with ;man and ofher animals, and laid emphasis on the 
necessity for highly potent tuberculins. In the case of positive animals he 
found " ol.d " tuberculin quite satisfactory but difficulties arose owing to non
specific reactions with this tuberculin in negative animals . He statBd that 
these could be overcome by using synthetic media tuberculins. Reference 
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was tp.en made to fluctuations in the sensitivity of the skin in tuberculous 
animals and he states that in highly allergic animals the injection of even 
non-spedfic substances may give rise to a reaction. · 

Bull (1936) stresses the importance of a standardized tuberculin as 
" old " tuberculin contains non-specific substances which will cause some 
degree of local reaction following intradermal injections in animals free of 
tuberculosis . 

Buxton and Glover (1939) were asked by the Joint Tuberculosis 
Committee of the Medical and Agricultural Research Councils to submit a 
report on the methods of manufacture and properties of tuberculin in order to 
try to obviate difficulties in the interpretation of the double intradermal test. 
They admit there is no recognised " standard " tuberculin against which 
their synthetic tuberculin can be compared and no uniformity in the tests 
which are applied for the determination of the strength of such tuberculins. 
In this work they re-affirm their previous views on " old " tuberculin 
prepared on broth with reg·ard to positive reactors and stress the likelihood of 
non-specific reactions when negative animals are tested. 

In a leading article in the British Medical Journal of June 17th, 1939, 
the fact that tuberculin for the testing of cattle was not standardised is 
commented on and it is suggested that the veterinary experts might attempt 
this in the same way as tuberf'ulin for human use is standardir.ecl. 

While admitting that all_ the tuberculin for veterinary use should· be 
standardised, it must not be expected that with the ·use of a standardised 
tuberculin all doubtful reactions will disappear and only clear cut negative 
or positive reactions will occur. This is borne out by articles contributed by 
medical observers who use a standardized tuberculin and there is as vet still 
no complete agreement on whether the Mantoux test is superior to the van 
Pirquet test or not. 

AciD-FAST ORGANISMS NOT M. Tuberculosis. 

Lydia Rahinowitsch (1897) discovered an acid-fast organism in market 
butter while studying the subject of tubercle bacilli in this commodity. 
This organism . when injected into guinea~pigs caused lesions somewhat 
resembling- those of tuberculosis. Further work, however, proved that this 
organism was ~ot M . tuberculosis. There are a number of thege acid-fast 
bacilli such as the smegma bacillus, M. phle1: and Moeller's mist bacillus. 

Schroeder (1926) in considering no lesion reactors came to the conclusion 
that other acid-fast organisms which were not M. tuberculosis might cause 
sensitization of animals to tuberculin. In 1932 Hagan ancl Levine worked 
on the pathogenicity of the saprophytic acid-fast bacilli. F:rom the descrip
tion of the lesions in guinea-pigs given these closely simulate the lesions 
caused by 111. tuberculosis. Holth (1932), as quoted by Plum, states that 
animals affected with Brucellosis sometimes give positive reactions to the 
tuberculin test . 

. Hastings, Wisnicky, Beach and McCarter (1933) in the study of no lesion 
reactors, suggested that such reactors may result from some organism or 
organisms other than the bovine 111 . tube1'culosis sensitizing- cattle to tuber
culin. They suggest the avian or human type of M. tuberculosis, bacillus of 
J ohne's disease or the saprophytiq members of the acid-fast group of 
organisms. 
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Schaefer {1935) reported on an examination of six cultures of acid-fast 
bacteria Qbtained from guinea-pigs. 'l'hey resembled the avian type of M. 
tuberculosis but differed from it on serological grounds. The complement
fixation absorption method carried out on these organisms showed that they 
posses11ed components common to both bovine and avian types of M. tube1·
culosis but by absorption with bovine and avian strains these co.mponents 
can be eliminated leaving a third component which seems to be specific to 
each member of this group. 

Plum (1937) states that an animal affected with the avian type or with 
M. pa.ratuberculosis may also give a positive reaction to mammalian t.uber-
~~~. . . 

Timoney (1939) remarked on the greater frequency of reactions to the 
homologous tuberculin as compared with reactions to the heterologous 
product. Group reactions have been noted by various workers ' whom he 
quotes and states they are of the greatest importance to the practitioner who 
uses the intradermal method of tuberculin testing herds. He suggests it is· 
highly probable that many of the so-called doubtful reactions are due to 
sensitization of the bovine tissues by members of the acid-fast group of 
bacteria other than the bovine tubercle bacillus. 

Buxton and Glover (1939) carried out a series of experiments on animals 
by injecting saprophytic acid-fast organismH, non-acid-fast orgamsms and 
different types of M. tuberc1tlosis. In the case of cattle injected with sapro
phytic acid-fast organisms no reactions were obtained. Some animals infected 
artificially with Br. abortus gave positive reactiom; . when tested with 
tuberculin. 

PERSONAL INVESTIGATIONS CARRIED OUT IN AN ATTEMPT TO ELUCIDATE 

THE 'CAusE OF No-LESION REACTORt>. 

In 1934 the wri_ter in an attempt to explain the cause of non-specific 
reactions experienced in the course of testing animals in the Union of South 
Africa Ly means .uf the double intradermal test, carried out experirr.ents in 
order to find out whether saprophytic acid-fast organisms, types of M. tuber
culosis, Br. abortus, Pl'eisz-N ocard organism, and unidentified diphtheroids 
could cause sensitization of guinea-pigs to tuberculin prepared from human 
or bovine strains of M. tuberculosis. These results are now, for the first time, 
being reported on and form the main portion of this thesis. · 

The technique of the double intradermal test, as carried out in the 
Union, is identical with · that carried out overseas, and whether or not the 
interpretation of so-called reactions differs from overseas interpretations, the 
fact remains that lesions of tuberculosis cannot be found in spite o'.l very 
careful post-mortem examinations in numbers of cases giving ·reactions. In 
many of the cases lesions of disease are found, but they, are definitely :rtot 
caused by t.he bacillus .of tuberculosi~ Marked reactions have been given 
in animals that showed extensive abscesses of the liver, in animals the subject 
of contagious abortion and actinomycosis and finally in animals whose post
mortem was negative and yet were close to parturition. 

It was suggested that these animals might harbour acid-fast organisms, 
not the specific organism, and that these might be the cause of the apparent 
positive tuberculin re,actions. 
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Cases have been observed in two cows where the reactions were almost 
identical in extent and in character, i.e., oedema, heat, tenderness, etc., and 
yet on post-mortem one showed characteristic lesions of tuberculosis while 
the other was a case of extensive liver abscessatio:q.. 

I have to thank Dr.s. Robinson and de Kock for suggesting this work, 
for encou_::agement and for the interpretation of many of the results obtained. 

METHODS OF" INVESTIGATION INVOLVING THE USE OF GROUPS OF GuiNEA-PIGS 

INl"ECTED WITH ACID-FAST AND OTHER BACTERIAL TYPES. 

The first group of guinea-pigs was infected artificially with acid-fast 
organisms of the tuberculosis types while others were injected with BTUcella 
abortus and strains of various diphtheroid organisms. 

The. sec<lnd grqup was infected with organisms of the acid-fast type not 
belonging to the tuberculosis organism group, the Preisz-N ocard bacillus and 
a strain of C. pyo,qenes. · 'rhe guinea-pigs for sensitizati<ln were infected 
according to the methods oi Hagan and Levine (1932). One cubic centimetre 
of each of the various emulsions was injected either subcutane<lusly or by the 
intraperitoneal route, the object being to ascertain which of these methods 
would cause th,e better infection and be followed by sensitization t<l substances 
used in testing. 

Twenty-four days after inoculation they were tested intradermally with 
standard · tuberculin in dilutions, varying from 1:500 to 1:4000. 

The following were the results:-

(i) Two groups of gutnea-pigs inoculated respectively, subcu
taneously and intraperitoneally with a saline emulsion of the 
B.C.G. strain <lf M. ttlberculosis, gave marked reactions to the 
test. 

~ii) Guinea-pigs inoculated subcutaneously in separate groups with: 
(a) A saline emulsion ·of avian M. tuberculosis; 
(b) a liquid paraffin emulsion of M. phlei; 
(c) a liquid paraffin emulsion of avian M. tuberculosis showed 

slight reactions. 

(iii) A group of guinea~pigs in<lculated subcutaneously with a saline 
emulsion of M. phlei showed no reactions. 

All control guinea-pigs tested were negative. A similar test was carried 
out a week later on the same sensitized guinea-pigs, using dilutions of from 
1 :50. to 1 : 4000 of standard tuberculin. The summarized resul.ts were : -

(:i) Reactions in guinea-pigs inoculated with: 
(a) A saline emulsion of the B.C.G. strain of M. tuberculosis 

subcutaneously; 
fb) a liquid pa;r;affin emulsion of M. phle1: subcutaneously; 
(c) a saline emulsion of the B.C.G. strain of M. tuberculosis 

intra peritoneally. 

(ii) Slight reactions in guinea-pigs inoculated subcutaneously with a 
saline emulsion of M. phlei. 
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In addition a group of guinea-pigs, sensitized subcutaneously 60 days 
previously with a saline emulsion of Br. abo·rtus, was tested with Onderste
poort tuberculin (Batch 5) in dilutions varying £rom 1:500 to 1:4000. Slight 
rE;lactions to the test were given. All controls were negat~ve. . 

Thirty-five .days after sensitization further guinea-pigs from the same 
groups were tested intradermally with standard tuberculin in dilutions 
varying from 1 : 500 to 1 : 4000. 'fhe summarized results were as follows:-

(i) Reactions in guinea-pigs inoculated .intraperitoneally with a 
saline emulsion o£ the B.C.G. strain o£ M. tuberculosis. 

(ii) Slight reactions in guinea-pigs inoculated by the ,subcutaneous 
route with: 
(a) a saline emulsion of avian M. tuberculosis; 
(b) a liquid paraffin emul~ion of M. phlei; 
(c) .a li'quid paraffin emulsion of avian M. tube1·culos·is; 
(d) a saline emulsion of Br. abortus. 

Controls were all negative. 

. The following day.:_36 days after inoculation- the remaining sensitized 
guinea-pigs were tested intradermally with standard tuberculin in dilutions 
v~rying from 1: 50 to 1: 500. 'l'o these was added a further group o£ guinea
pigs inoculated intramuscularly a month previously with a saline emulsion 
o£ human M. tuberculosis (T 190). 

'fhe results can be summarized as follmYs :-
(i) M:arked reactions were obtained in guinea-pigs inoculated : 

(a) intraperitoneally with a saline emulsi'on of the B.C.G. strain 
o£ M. tuberculosis; 

(b) intramuscularly with a saline emulsion of a human strain 
of M. tuberculosis. 

(ii) Moderate reactions were shown in guinea-pigs inoculated: 
\a) subcutaneously with a saline emulsion of the B.C.G:, strain 
of M. tuberculosis; · 
(b) subcutaneously with a liquid paraffin emulsion o£ M. phlei. 

(iii) Slight reactions were given in guinea-pigs inoculated: 
(a) subcutaneously with saline emulsion of avian M. tuber

c:ulos-is, 
(b) subcutaneously with a liquid paraffin emulsion o£ av1an 

M. tuberc1tlosis. 

No reactions were given with guinea-pigs inoculated: , 
(a) subcutaneously with a saline emulsion of M. phlei; 
(b) intraper~toneally with a saline emulsion of Br. abortus. 

Tests were now made on guiilea-pigs inoculated 27 days previously with 
various diphtheroids and one "group of guinea-pigs infected intramuscularly 
with a strain of M. tuberculosis. The dilutions of standard tuberculin used 
~arled from 1 :50 to 1: 4000. M:arked reactions were given by the guinea-pigs 
that were infected with the human strain o£ M. tuberculosis. In the guinea
pigs infected either subcutaneously or intraperitoneally with a saline 
emulsion .of diphtheroids isolated from the supramammary glands of a cow 
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no sign o£ a reaction was observed. Very slight reactions were; seen in one 
guinea-pig be.longing tp the group infected intraperitoneally and the group 
infected S:rlbcutaneously with a saline emulsion o£ diphtheroids obtained from 
a cal£. Controls were negative. 

To complete this group of experiments guinea-pigs already tested were 
subjected to £urtlier tests with dilutions o£ standard tuberculin varying from 
1:50 to 1:400. This was fifty-six days after inoculation. Only slight 
reactions were given in two groups, viz.: · 

(a) inoculated with a saline emulsion o£ the B.C.G. strain o£ M. tuber
culos-is subcutaneously; 

(b) inoculated with a similar emulsion intraperitoneally. 

Summary of Results. 

Twenty~£our days after being infected, guinea-pigs inoculated with 
saline emulsions o£ the B.C.G. strain o£ M. tuberculosis, both by subcu
taneous and intraperitoneal 'channels, showed marked local reactions to tuber
culin injected intradermally. Slight local reactions were shown in .guinea
pigs inoculated subcutaneously with saline emulsions of the avian type o£ 
M. tuberculosis, liquid paraffin emulsion o£ the same organism and liquid 
paraffin emulsion of M. ph lei. · 

Guinea-pigs inoculated by the- subcutaneous route with saline emulsions 
of M. phlei, gave no local reactions to the test wi~h tuberculin. 

The highest dilution at which the tuberculin gave maxked reactions 
was 1: JOOO. 

Forty-nine days after being infect.ed local reactions to tuberculin were 
observed in one case o£ a sul)cutaneously inoculated guinea-pig with a saline 
emulsion of the B.C.G. strain o£ M. tuberculosis, the highest dilution now 
being unly 1: 100. A similar reaction, but going to a dilution o£ 1:250, 
was observed in one guinea-pig inoculated subcutaneously with a liquid 
paraffin emulsion o£2vl. phlei. Slight, but definite tapering reactions up to 
1:4000, were seen in the guinea-pigs inoculated intraperitoneally with a 
saline emulsion of the B.C.G. strain of M. tuberculosis. 

Guinea--pigs inoculated subcutaneously with an emulsion o£ Br. abortus 
organisms, also gave definite reactions. · 

Thirty-five days after inoculation, guinea-pigs inoculated intraperi
tonea::.Iy with a saline emulsion of the B.C.G. strain gave definite reactions to 
dilutions of from 1/ 500 to 1/ 4000 o£ tuberculin. 

Varying, very slight reactions, in the low dilutions o£ tuberculin, were 
seen in guinea-pigs: 

(a) inoculated subcutaneously with saline emulsion o£ avian T.B. 
strain; 

(b) inoculated subcutaneously with liquid paraffin emulsion o£ av:ian 
T .B. strain; · 

(c) inoculated subcutaneously with liquid paraffin emulsion o£ M. 
ph lei. 

(d) inoculated subcutaneously with saline emulsion of Br. abortus 
organisms. 
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After thirty-six days another batch of similarly infected guinea-pigs was 
tested with identical but more marked reactions. Guinea-pigs inoculated 
intramuscularly with 1 mg. of a human strain of M. tuberculosis gave very 
marked reactions. In this batch, however, the dilutions of tuberculin used 
varied from 1/ 50 to 1/ 500• 'An interesting result was noted in one of the control 
guinea-pigs. This animal gave slight but definite re~ctions to all dilutions 
of tuberculin. It was destroyed and post-mortem examination revea}ed almost 
full-time young in the uterus . This is of importance because some cows tested 
with tuberculin when near to · calving, may give suspicious. positive reactions 
which will not recur when a retest is carried oli't some time after parturition. 

Results after inoculation fifty-six days previously resembled those after 
inoculation forty-nine days previously, as mentioned earlier in this summary.' 

In view of the results ·obtained in the first portion of this work, it was 
decided to carry out further experiments using acid-fast organisms, other 
than M . tuberculosis, the l'reisz-N ocard bacillus and a strain of C. p:JJOgenes. 

The guinea-pigs were inoculated in the same way as in the previous 
experiment, but in every case the vehicle used for suspending the organisms 
for inoculation was liquid paraffin. • 

Forty~two guinea-pigs with controls were used, and they were grouped 
lil the following way :-

No. 
of 

Cage. 

l 

2 

3 

4 

5 

6 

7 

Da1te of lnoculation--1.8.33. 

No. of Channel of 
Pigs Artificial 

Used. Infection. 

3 I Sub~utaneous .... 
3 Intraperitoneal. .. 
3 Controls ..... . ... 
3 Subcutaneous .... 
3 Intraperitoneal. .. 
3 Controls .. . . . .... 
3· Subcutaneous .... 
3 Intraperitoneal. .. 
3 Controls .... .. ... 
3 Subcutaneous .... 
3 Intraperitoneal. . . 
3 Controls .. . ... . .. 
3 Subcutaneous .... 
3 IntraperitoneaL . . 
3 Controls ..... . .. . 
3 Subcutaneous .... 
3 Intraperitoneal. . . 
3 Controls . .. .... . . 
3 Subcutaneous ...... 
3 IntraperitoneaL . . 
3 Controls .. . .. .. .. 

I 

Emulsion used and Amount. 

Liquid paraffin. M. phlei, l c.c. 
Liquid paraffin, M. phlei, l c.c. 
Controls. 
Liquid paraffin, M. butyricum, l c.c. 
Liquid paraffin, M. butyricum, l c.c. 
Controls. 

•Liquid paraffin, M . smegmatis, l c.c. 
Liquid paraffin, M . smegmatis, l c.c. 
Controls. 
Liquid paraffin, Moeller s Mist Bac., l c.c. 
Liquid paraffin, Moeller s Mist Bac., l c.c. 
Controls. 
Liquid paraffin, Corynebacterium P-Nocard (horse), l c.c. 
Liquid paraffin, Corynebacterium P-Nocard (horse), l c.c. 
Controls. 
Liquid paraffin, Corynebacterium P-Nocard' (sheep), l c.c. 
Liquid paraffin, Corynebacterium P-Nocard (sheep), l c.c. 
Controls. 
Liquid paraffin, Corynebacterium pyogenes, l c.c. 
Liquid paraffin, Corynebacterium pyogenes, l c.c. 
Controls. 

Controls· were placed in the same cages as their respective groups of 
inoculated guinea-pigs. 

In from 20 to 21 days after inoculation, these guinea-pigs were tested 
with standard tuberculin in dilutions .of 1/ 50, 1/ 100, 1/ 250, 1h00, 1/ 1000, 1/ 2000, 1/ 4000• 

Reactions were classed as in . the previous experiment. 
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The results obtained were characterised by an almost complete absence of 
reactions. Summarized briefly, guinea-pigs inoculated with C. Preisz-Nocaxrd 
and C. pYO[Ienes organisms in liquid paraffin emulsions subcutaneously or 
intrapentoneally gave no sign of any reactions. 

'rhe remaining guinea-pigs inoculated with liquid paraffin emulsions of 
the non-specific acid-fast organisms either intraperitoneally> or subcutaneously 
gave reactious varying from negative to very slight positive. Controls were 
negative. 

SumTJUl,ry. 

This eXJleriment revealed the fact that these guinea-_pigs, although 
infected with acid-fast organisms other than M. tuberculosis, only gave 
reactions in sorrie cases when tested with standard tuberculin by the intra
dermal method in low dilutions. 

ALLERGY ExPERIMENTs IN GuiNEA-PIGs WITH ExTRACTs OF 

NoN-PATHOGENIC .AciD-FAST BACTERIA. 

Having had only slight reactions with tuberculin it was decided to 
prepare extracts of the tuberculin type from the organisms with which the 
guinea-pigs were infected. 

'l'he method of preparation of these extracts is given. 

PREPARATION OP EXTRACTS }'ROM .ACID-PAST ORGANISMS OTiiER THAN 

M. tuberculosis. 
/ 

Cultures of . M. sm.egmatis, M. phlei, Moeller's Mist bacillus and M. 
butyricurn were made on serum agar slants and within 24-36 hours some 
had grown to such an extent, that on the water of condensation, very light 
pellicle material had formed. These cultures had l:ieen incubated at 37° C. 

From this stage on the extracts of all these organism:; were prepared in 
the same way as tuberculin is prepared. Within one month· the growths had 
become so thick that they had sunk to the bottom of the flasks. The extracts 
varied in colour from light brown to dark brown. During the filtration of 

. killed organisms only M. butyricum and M. smegTJUl,tis preparations had a 
detectable odour. 

In addition to guinea:pigs inoculated with the non-pathogenic acid-fast 
organisms others were infected with. 

(a) Diphtheroids from an infected udder of a cow. 
(6) Diphtheroids from lesions in a cal£. 
(c) T 100- a human strain of M tuberculosis. 

Thes.e newry prepared extracts were tested on all these artificially infected 
guinea-pigs. 

Thirty-eight days after sensitization by the intraperitoneal or the sub
cutaneous routes with the various non-pathogenic acid-fast organisms all 
these. small animals were tested with the four specially prepared extracts in 
dilutions of 1: 50 and 1: 100. 
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TUBERCULIN TEST IN GUINEA-PIGS AND CATTLE. 

The results may be briefly summarized as follows :-

Sensitizing Organism. Results of Tests with all Extracts. 

M . phlei ..... ... ........ .•.•.•.•.. Good rea-ctions. 
Good reactions. 
Good reactions. 
Slight reactions. 
No reactions. 

M. butyricum . • ........•.... ..•... • 
M. smegmatis . .•.............•. .. . 
Moeller s Mist bacillus .... ........ . 
G. Preisz-Nocard from horse ....... . 
G. Preisz-Nocard from sheep ....... . Slight temporary reactions. 
G. pyogenes .. ........•.•.....•.•.• Very slight reactions in two out of six guinea-pigs. 
Diphtheroids from udder of cow .•.. Very slight reactions in the case of guinea,pigs inoculated 

Diphthereids from calf ............. . 
by the subcutaneous route. 

Similar to previous group. 
M. tuberculosis (human strain) ..... . Slight reactions in three out of four guinea-pigs. 
Br .. abortus ......... .•............. Doubtful reactions. · 

All controls were negative. 

Summary. 
From these experiments it would appear that, judging £rom the reactions 

obtained, the group of non-pathogenic acid-fast baeteria which were used 
have an antigenic factor in common, cross reactions being obtained with any 
one member against the others of the group. 

No definite reactions were given with these extracts when tested against 
M. tuberculosis infected guinea-pigs. 'l'he same applies to guinea-pigs 
infected with the . Preisz-N ocard . organism, diphtheroid organisms or Br. 
abortus. · 

The extracts are evidently specific only for members of their own group 
of organisms and for no others which were tested. - · 

It was decided to repeat the · former experiment using dilutions of the 
extracts made from this group of non-pathogenic acid-:fast organisms and 
similar dilutions o£ tuberculin. · 

More guinea-pigs were now taken and inoculated in the same manner 
with the four non-pathogen~c acid-fast organisms. 

No. of 

Cage. Guinea 
Pigs 

Used. 

A. 3 
3 
3 

B. 3 
3 
3 

c. 3 
3 
3 

D. 3 
3 
3 

E. 3 
3 
3 

F. 3 
3 
3 

Date oj 'Inoculation, 30.10.33. 

Channel of 
Artificial 
Infection. 

Subcutaneous . . . . . ..... 
Intraperitoneal. ........ 
Controls .......... . . . .. 
Subcutaneous .......... 
Intraperitoneal. ........ 
Controls ..... : . .. . ..... 
Subcutaneous .... . ..... 
Intraperitoneal. . ....... 
Controls .......... . .. . . 
Subcutaneous .. . ... . ... 
Intraperitoneal. .. ... ... 
Controls . . . . .. . . . . . ... . 
Subcutaneous .. . ....... 
Intraperitoneal. ........ 
Controls ............... 
Subcutaneous .......... 
Intraperitoneal. ........ 
Controls ........... . ... 

Emulsion. Used and Amount. 

M. phlei Liquid paraffin, l c.c. 
M. phlei Liquid paraffin, l c.c. 
Controls. 
M . butyricum Liquid paraffin, l c.c. 
M . butyricum L'iquid paraffin, l c.c. 
Controh . . 
M. smegmatis Liquid paraffin, l c.c. 
M. smegmatis Liquid paraffin, l c.c. 
Controls. 
B. of Moeller (Mist) Liquid paraffin, l c.c. 
B. of Moeller (Mist) Liquid paraffin, l c.c. 
Controls. ' · 
M. phlei from lesions Li'luid paraffin, 1 c.c. 
M. ph lei from tesions Liquid paraffin, l c.c. 
Controls. . 
M. butyricum from lesions Liquid paraffin, l c.c. 
M. butyricum from lesions. Liquid paraffin, l c.c. 
Controls. 

4S 



A. S. CANHAM. 

Controls were placed m the same cages as their respective groups of 
inoculated guinea-pigs. 

In this group of experiments all animals were tested with the prepared 
extracts of the four non-pathogenic acid-fast organisms in dilutions of 1: 50 
and, in addition, with standard tuberculin in dilutions of 1:50 and 1: 100. 
These tests w~re carried out 28 days after inoculation. 

'l'he results may be summariz;ed as follows:-

Sensitizing Organism. 

M . phlei intra peritoneally .............. . 
M . phlei subcutaneously ............... . 
M. butyricum intra peritoneally .......... . 
M. butyricum su:bcutaneomly ........ . .. . 
M . smegmatis intraperitoneally .......... . 
M. smegmatis subcutaneously .......... . . 
Moeller's M. bacillus intra peritoneally . .. . 
Moeller's M. bacillus subcutaneously ..... . 
M . phlei from lesions-intraperitoneally ... . 
M . phlei from lesions-subcutaneously .... . 
M. butyricum f rom lesions-subcutaneously. 
M. butyricum from lesions-intraperitonally. 

Controls were negative. 

Sumrmary. 

I Results with all Extracts. I 

Definite reactions . .•.... 
Negative reactions ..... . 
Negative reactions ..... . 
Very slight reactions ...• 
Definite reactions ...... . 
Definite reactions ... . .. . 
Slight reactions ........ . 
Marked reactions ...... . 
Marked reactions ... . .. . 
Marked reactions .... : .. 
Very slight r·~actions ... . 
Slight reactions ...... . . . 

Results with Tub~rculin. 

Definite reactions. 
Negative reactions. 
Very slight reactions. 
Negative reactions. 
Very slight reactions. 
Negative reactions. 
Negative reactions. 
Negative reactions. 
Slight reactions. 
Marked reactions in one case. 
Negative reactions. 
Very slight reactions. 

'l'hese results confirmed those obtained in the previous experiment. Only 
slight reactions were given to tuberculin except iu o,ne case where the guinea
pig was infected with M. phlei. 

It was decided to utilize the guinea-pigs that had recovered from the 
test of 30.10.33. These were again tested with· the extracts prepared from 
the group of acid-fast organisms used ihroughout this work, and a prepara
tion called .A.naexo-Phlein prepared from M. phlei. This was in the place 
of standard tuberculin. 'fhis preparation was made on the same lines as 
Anaexo-tuoerculin as described by Garet and Zeitoun (1933). 

The method of preparation is as follows:-

.A. human or bovine strain of M. t.uber01dosis is grown on 5 per cent. 
glycerine peptone broth for £out to six weeks. The broth of the culture below 
the scum, formed hy the growth, is collected by very sl.ow aspiration, by intro
ducing a pipette very carefully below the pellicle growth o£ the bacilli. The 
liquid obtained should be clear and free from fragments of pellicle, which 
should be- left intact. 

This clear liquid is filtered and 0 · 5 per cent. formalin added. Dose for 
cattle 0 · 25 cubic centimetres for the intradermal test. 

The dilution of Anaexo-phlein _used was 1:50. 
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TUllERCULIN TEST IN GUINEA-PIGS AND CATTLE. 

Sensitizing Organism. Results with all Extr:cts.j Results with Anaexo-Phlein. 

M. phlei intraperitoneally .............. . 
M. phlei subcutaneously .............. :. 
M. butyricum intraperitoneally .......... . 
M. butyricum subcutaneously ........... . 

M. smegmatis intra peritoneally .......... . 
M. smegmatis subcutaneously ........... . 

Moeller's M. bacillus-int;aperitoneally .... . 
M. phlei from lesions-intra peritoneally ... . 
M. phlei from lesions-eubcutaneously .... . 
M. butyricum from lesions-intraperitoneally 
M. butyricum from lesions-subcutaneously. 

Controls negative. 

Summary.· 

Marked reactions ...... . 
Marked reactions ...... . 
Doubtful reactions ..... . 
Doubtful reactions in one 

guinea pig-rest nega
tive 

Slight reactions ........ . 
Slight reactions in one 

guinea pig-rest nega
tive 

Negative reactions ..... . 
Marked reactions .. . ... . 
Very slight reactions ... . 
Slight reactions. ~ ...... . 
Slight reactions ......... . 

Marked reactions. 
Marked reactions. 
-Doubtful re'tctions. 
Doubtful reactions in one 

guinea pig-rest negative. 

Slight reactions. 
Slight reactions in one guinea. 

pig-rest negative. 

' Negative reactions. 
Very marked reactions. 
Very slight reactions. 
Slight reactions. 
Very slight nactions. 

Reactions were less marked in this experiment than in the previous 
one. More reactions were obtained with the Anaexo-phlein than with 
standard tuberculin. 

While this thesis was being considered by the Board of Examiners an 
article entitled " The inter-relationship between the allergic responses of 
guinea-pigs sensitised with various membe1s of the acid-fast group of 
organisms ", by Sahai ,1941) appeared. The results given in the article 
were very similar to those given in the thesis. Sahai's method of infecting 
his guinea~pigs was by introd-ucing measured amounts of the organism to be 
injected intramuscularly. It is not clear from his article whether, after he 
had completed his tests on the guinea-pigs, .he destroyed them and ascertained 
whether the guinea-pigs showed lesions set up by the injection of the various 
acid-fast organisms used. In the work being reported on now liagan and 
Levine's (1932) method was used for suspending the organisms in liquid 
paraffin but the injections into the guinea-pigs were either by . the subcu
taneous or the intraperitoneal 'route. It would be impossible to estimate 
actually what weight of organisms was injected but that there were enoug-h 
organisms to infect at least a number o£ the guinea-pigs is shown by the 
post-mortem examinations made on guinea-pigs that died. In the cas~ of 
numbers o£ guinea-pigs that were destroyed at the completion of the experi
ments no lesions could be found, in spite of the fact that skin reactions had 
been given in these cases to the various extracts that had been injectd intra
dermally. 

With these points in view it was decifled , to infect numbers d guinea
pigs with varying weighed amounts o£ M. phlei and M. but.yricum. The 
.amounts were 1 mg., 2 mg., 3 mg., and 4 mg. respectively. Instead of 
incorporating them in liquid paraffin as suggested by Hagan and Levine 
(1932) the method adoptefl by Glover (1941) in his- work on " The Standardi
_sation of Johnin ", was used. This consisted in weig-hing out the required 
amount of pellicle material and by thoroughly grinding it with warm sterile 
liquid paraffin in a mortar a satis_factory incorporation of the organism in 
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TUBERCULIN TEST IN GUINEA-PIGS AND CATTLE. 

the vehicle was obtained. The vario s amounts of the different organisms 
were injected intraperitoneally. 'fhese guinea-pigs were injected on 22nd 
October, 1941, and tested 26 days later with extracts prepared from M. phlei 
and M. butyricum. The dilutions of the two extracts used were from 1:50 
to 1:400. 

The results were as follows :-

Sensitizing Organism. 

M. phlei ...... . ........ . 
M. phlei ............... . 
M. phlei . ... . : ......... . 

M. phlei ... ......... ... . 
M. phlei .... .... . . . .... . 
M . phlei ............... . 
M. phlei ............ . .. . 
M. phlei ............... . 
M. butyricum . . .. ; .. . . . . 
M. buty'ricum . ......... . 
M. butyricum . ...... . .. . 
M. butyricum . . ........ . 
M. butyricum ... .. ... .. . 
~f. butyricum . ......... . 
M. butyricum ....... . .. . 
M. butyricum. ~ - . . . . . .. . 

Amount 
Injected. 

l mg. 
2 mg. 
3 mg. 

4 mg. 
l mg. 
2 mg. 
3 mg. 
4 mg. 
1 mg. 
2 mg. 
3 zng. 
4 mg. 
1 mg . 
2 mg. 
3 mg. 
4 mg. 

Test Extract. 

M. butyricum . ..... . .. . 
M. butyricum . ........ . 
M. butyricum . ........ . 

M. butyricum . ........ . 
M. phlei . ..... . . . ..... . 
M . phlei .. ............ . 
M. phlei .... : ...... ... . 
M. phlei .... . . .. . ..... . 
M. phlei .............. . 
M. phlei ...... . ....... . 
M. phlei . ..... .. ...... . 
M. phlei ........ .. .... . 
M. butyricum ......... . 
M. butyricum . ........ . 
M. butyricum . ........ . 
M. butyricum . ........ . 

Controls: Negative. 

Results. 

Fairly marked reactions. 
Marked reactions. 
Marked reactions. Very mar-

ked reactions in one case. 
Marked reactions. 
Very marked reactions. 
Very marked reactions. 
Very marked reactions . 
Very marked reactions. 
Very slight reactions. 
Slight reactions. 
Very slight reactions. 
Very slight reactions. 
Marked reactions. 
Marked reactions. 
Marked reactions. 
Marked reactions. 

From these results it appears that while 1 mg. of either M. phlei or 
M. butyricum will set up a certam degree of sensitization, 2 mg. and greater 
amounts appear to be better for this purpose. It was observed in the case of 
g·uinea-pigs sensitized by the injection of 111. butyncum, when tested against 
M. phlei extract, that only in the 2 mg. group were slight reactions given 
in dilutions of 1/ 100 and 1/ 200 , the majority reacting only to the 1

/ 50 dilution. 
On the other hand guinea-pigs sensitized by the injection of M. phlei when 
tested· against M. hutyricum extract gave many reactions to the 1/2 ~0 dilution 
and a number to the 1/ 100 dilution. 

Sahai (1941) however·, obtained only slight reactions in M. phlei 
sensitized guinea-pigs when tested against M. butyricum extract in 1

/ 2 5 and 
1/ 100 dilutions. Guinea~ pigs when tested with the extract of the organism 
with which they were sensitized showed marked reactions. In the case of 
M. phlei sensitized guinea-pigs, even necrosis of the site o£ injection, with 
M. phlei extract was seen. Controls were all nE)gative. Being satisfied that 
these gumea-p1gs were sensitized to their own special organism it was 
decided to test them all in dilutions varying from 1/ 50 to 1/ 400 with tuberculin 
used for testing cattle. 

This was carried out 38 days · after they had been inoculated with 
M. phlei and M. buty'l'icum. 
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A. S. CANIUM . 

Date 9.12.41.-G:uinea-p-igs sensitized ' by int1•aperitoneal 
weighed amounts of M. phlei suspended in liquid paraffin. 
38 days with tuberculin in varying dilutions. 

Quantities of M. 
ph.lei Injected. 

Guinen, Pigs-

1 mg. 

No. l.. .. . . . .. ++ + 

2 mg. 3 mg. 

injection of 
T ested after 

4 mg. 

--- - - - -1-- - ------------------

No. 2 . . · ... . . .. ++ + +- -
-------'--1-- --·-----------------------------

No. 3 ......... ++ + 
- - -------1-----~ ------------------- -------

No. 4 . .... .. .. + + +-'- -
--------1---------------·-----------------

No. 5 ... . . . .. . + +- +- -
- -------1--------------------------------

No. 6 ... .... . . + +- +- -
- -..:------1--------------------------------

No. 7 ...... . . . ++ + +- -
------- 1--------------------------------

No. 8 .... .. .. . ++ + +- -
- - ---- -1-- ------------------------------

No. 9 .. ... . . . . ++ + +- -
.--------1------------- -------------------

No. 10 ......... + +- +- :._ 
------1---- - ------------- - - ------------

No. 11 .... .... . + +- +~ -
----~--1--'----------------- - - - - -~ - -------

No. 12 .. .. ... . . + +- +- -
---- ---'-'-- -1-- ------------ - - -- - - ---- - -------

Control-
No. 13: .. . ... . . 

------ -1- -------------------------- -----

No. 14 ........ . 
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TUBERCULIN TEST IN GUINEA-PIGS AND CATTLE. 

Date 9.12.41.-Guinea-pigs sensitized by intrarperitoneal tn}ection of 
weighed amounts of M. butyricum suspended in liqu£d pwraffin. Tested 
after 38 days W'ith tuberculin in vMying d1'lutions. 

Quantit!es of M. 
but.yl'icum Injected. 1 mg. 2 mg. 3 mg. 4 mg. 

Dilut-ions of Tuber· I I · ~- I I I I I l I I I culin ... · · .. · · · · ! '/so 1/ too 1/2oo ' /•oo 1/so 1/ too 1/ 2oo ' / •oo ' /•o ' / ,oo 1/ 2oo ' / •oo 1/69 1/ 1oo 1/2oo ' i_•oo 

Guinea Pigs-
No. 15 ... . .... . I++ + 

1

+- -I 
-N-o-. -16-.-.. -. . -.-.. -.-;,-+-+ + +-----=-~-~-----------

1+- +- ----=-----=------· -------No. 17 ..... . . .. 

_ N_o ___ l_8 _____ -.. - .-. -• . -.-i-- ------+ +- ----=-----=-----~---_------- --. 
--1-++ + +-----=----. -----No. 19 ......... 

--------1----__ , ____ ---------- - -----------
+ +~ - . No. 20 ......... ,-,---,---+- ---=- ---=-~---

- N-o-. 2-2 .. -.. -.. . ~ .• -·-~-i--,-~-~--- + +-1----=-----=-----· 
No. 23......... --~-~;-~----~-+- --~---_ ----

==N=o=. =24=-=· =· ·=· =· ·=· =· -:~== ==·==~==·~== -_-.-__ - -_-_ -__ -_
1

_ j_-_ -_+=+ =+= =+=-=-= 

No. 21 ..... . . . . 

No. 25......... ·, - + +- - -
No. 26 ......... 

----~---------_ ---
. + + +- +-

- ------1:------- -------------------------
Control-

-:-:-:-:-:~:-:.-·:-:-:-::-:-1-- = = = = = = = = = = =I= = = = 

It will be seen that definite reactions to tuberculin were given in a 
number of the guinea-pigs, but in op.ly a few cas"es were they marked. This 
is perhaps understandable s~eeing the lowest dilution was 1:50. Guinea-pigs 
sensitized with M. phlei gave more numerous and definite reactions than did 
those sensitized with M. butyricum. Controls were all negative . 

It was now decided to post-mortem all guinea-pigs used in · the experi
ment to ascertain the degree of infection set up by the injection o£ M. phlei 
and M. butyricum. Smears were made from all lesions and in a number of 
cases cultures were made. 

The results of the post-mortems are tabulated and show that in the 
majority of cases abscess formation wa!;) observed at -the point of inoculation 
and also in the ing-uinal glands. It was rather surprising how few showed 
lesions in the internal organs. 
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A. S. CANHAM. 

From these post-mortem results it will be seen that at the time of testing 
all guinea-pigs were actually infected. The doses of 3 mg. and 4 mg. of the 
two organisms used appear in a number of cases to set up large absce.sses 
which rupture quickly and the guinea-pigs do not have as heavy an infection 
as one would like. 

In order to end this part of the work it was decided to inject guinea-pigs 
with 2 mg. and 3 mg. of M. phlei and M. butyricum intraperitoneally and 
finally test these out against extracts from these organisms and also against 
tuberculin. 

Earlier on in this paper it was stated the 2 mg. and greater amounts of 
the organism to be injected resulted m a higher degree of sensitization than 
when 1 mg. amounts were used. 

Twelve guinea-pigs were injected intraperitoneally with liquid paraffin 
emulsions of M. phlwi and M. butyricum in weights amounting to 2 mg. and 
3 mg. The injection took pla.ce on 23rd January, 1942, and on 9th 
February, 1942, one of the guinea-pigs inoculated with 3 mg. of M. phlei 
was found dead. Post-mortem revealed a pleuritis with liquid in the chest 
cavity, numerous abscesses along the greater curvature of the stomach, the 
liver adherent to the stomach, abscess formation in the spleen, a large abscess 
almost enclosing bladder, a.nd numerous abscesses in omentum, while the 
intestines, kidney, spleen and stomach showed adhesions between them. Five 
smears from abscesses in various parts of the abdominal cavity showed very 
frequent acid-fast organisms, many of which had a " beaded " appearance. 
On 3rd March, 1942, forty-three days after inoculation, these guinea-pigs 
were tested intradermally using extracts of M . phlei, M. butyricum and 
tuberculin made up in dilution~ varying from 1 :50 to 1 ,: 400. 

The results Were as follows :·-

Sensitizing Organism. 

M. butyricum . ..... . . . 
M . butyricum . . . . . . .. . 
M. butyricum . . ...... . 
M. butyricum .. .. • .... 
M. hutyricum .. . . ·; .. . 

M. butyricnm ....... ; . 

M. phlei .. . .......... . 
M. phlei .. ......... .. . 
M. phlei .... . ........ . 
M. phlei ...... , . .... . . . 
M. phlei ..... ........ . 

M. phlei . . ... ........ . 

Amount 
Injected. 

2 mg. 
3 mg. 
'>mu 
3 mg: 
2 mg. 

3 mg. 

2 mg. 
3 mg. 

' 2 mg. 
3 mg. 
2 mg. 

3 mg. 

Test Extract. 

M. butyricum . .. . ... . 
M. butyricum . . . . .. . . 
M. phlei ..... .. . .... . 
M. phlei ... .... . ... . . 
Tuberculin . . ... . .. . . . 

Tuberculin . .... . .. . . . 
Controls : Negative. 

M. phlei ..... .... ... . 
M. phlei .. . . : .. . .. .. . 
M. butyricum . . ..... . 
M. butyricum .. . .. .. . 
Tuberculin . . . . .. . ... . 

Results. 

Marked reactions. 
Marked reactions. 
Fairly marked reactions. 
Fairly marked reactions. 
Slight reactions in dilutions of 

1 : 200. 
Slight reactions. 

Marked reactions. 
Very marked reactions. 
Fairly marked reactions. 
Fairly marked reactions. 
Slight reactions in dilutions of 

1 : 100. 
Tuberculin..... . . . . . . Slight reactions in dilutions of · 

I : 200. 
Control• : Negati,e. 

Each group reacted very strongly to its homologous extract and although 
reactions were obtained with the tuberculin they were not so marked as the
reactions to the extracts of M. phlei and M. butyricttm. 



TUBERCULIN T EST I N GUINEA-PIGS AND CATTLE. 

Ten days later all these guinea-pigs were tested alone with tuberculin in 
dilutions varying from 1 : 10 to 1 : 80; in n ine out of eleven guinea-pigs good 
reactions were given. All were submitted to post-mortem examination and 
the results are appended. 

Date 13.3.42.-Guinel11-pigs sensitized by intrape-ritoneal injection of weighed 
amounts of M . phlei -suspended in liquid paraffin. Tested after 53 days. 
Tested with tuberculin in varying di lutions . 

' Extract. 

Amounts of M. phlei Injected. 2 mg. 

·TUBERCULIN. 

I . 
I 

3 mg. 

D_il_ut_i_on_s_._· _· ._._·_· _· ._._·_· _· _· ._._· _· ._._·_· _· _· ·_·_· _· ._
1 
__ ' /_,o ___ 'f_,o ___ 'l._o ___ '/_so ___ '/_, o __ · _'f_,o_l_'f_•o ___ '/_so_ 

Guinea-pig 35............ . . . . .. . . . ... . ++ *+ ++ + 
1 

-----~--

Guinea-pig 36 . .... .. . . . .".............. ++ ++ ++ + . 
----------------1------------------------
Guinea-pig 37 _. ... . . . . . . . . . . . . . . . . . . . . . ++ ++ + + -
--------------1------------------------
Guinea-pig 38 .. . ....... . ... . ... ... . . . . ++ ++ ++ ++ 
Guinea-pig 39.... . ... .. . . . .. . ... . .. .. . ----___ + ___ +_J_+---~---
-G-u-in_e_a--p-ig_4_0_. __ .-.-.. - .-.-. -. -.. -.-. -. . - .-.-. -. . - .-.-.-. -I-----D----E- --~-A----D-

Controls .. . . .... . .. . . ..... ..... . ... . . . -_ -_ 1---_ 1---_ ,--

Date 13.3.42.-Guinea-pigs sensitized! by intraperitoneal injection of weighed 
amounts of M . butyricum suspended in liquid paraffin. Tested after 53 
days. Tested with tuberculin in varying dilutions. 

Extract. TUBERCULIN. 

Amounts of 11£. but.yricum Injected . 2 mg. 3 mg. 

Dilutions . . . ..... . . .... . . .. . ... ...... . 1
/ 10 ~~~~~-~~--~~ 

Guinea-pig 29 ...... .. ................ . +++ ++ ++ + 
----------------1------------------------
Guinea-pig 30 . .. . . .. .. . .•. .. .. . .. ..... + +-
--------------1------------------------
Guinea-pig 31. .. .. .. .. .. .. .. .. .. .. .. .. ++ ++ ++ + 
----------------1------------------ - -----
Guinea-pig 32 .. .. . .. . : . . . . . . . . . . . . . . . . + + · + + + + 
-------------1--~------------~-
Guinea-pig 33 .. .. ... .. . .. .. . . .. ... . .. . ++ + + + 
----- -----'- ---'----- -1------------------------
Guinea-pig 34 ............. . ... . ... , .. . ++ ++ + + 
--- - - ---------1------------------------
Controls ... . . ......... .... ... . . ...... . 
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• 

TUliERCULJN TEST IN GUINEA-PIGS .\ND . CATTLF.. 

ExPERIMENTS oN THE SENSITIZATION OF CALVES TO Acm-FAsT ORGANISMS 
OTHER THAN M . tubercu.losis. 

Following the results obtained in the guinea-pigs it was decided to take 
a number of calves varying in age from six months to two years and see if 
by sensitizing them to M . phlei and M . butyricum they would give any 
reactions when tested intradermally with tuberculin . As a first step they 
were submitted to the double intradermal tuberculin test in order to be sure 
that they were not subjects of tuberculosis . The results are g1ven below. 

DATE. 

Calf. Results and Remarks. 
20/ 10/ 41. 22/10/41. 23/ 10/ 41. 

No. 648 . . .. . . . : . .. .. . . ... . . 5 mm. 5 mm. 8 mm. Negative. Circumscribed. 

No. 645 ............ .. ... ... 5 mm. 5 mm. 7 mm·. Negative. Circumscribed. 

No. 656 . .... . .' . . .. . .. ... .. . 5 mm. 5 rom. 6 mm. Negative. Circumscribed. 

No. 665 ....... .. .. . . . .. .... 5 mm. 5 rom. 7 rom. Negative. Circumscribed. 

No. 668 ........ ... . . .. . .... 4 1nm. 4 mm. 6 mm. Negative .. Circumscribed. 

No. 669 ....... . .. . . . . .. ... . 4 rom . 4 rom. 6 rom. Negative . Circumscribed. 

No. 671 . .... . . . : . . . .. . ..... 4 mm. 4 mm. 6 mm. Negative. Circumscribed. 

No. 670 .......... .. ..... ... 4 mrn. 4 mm. 5 rom. Negative. Circumscribed. 

No. 672 .. . . . . .. . . . .. ... . . . . 4 mm. 4 IDili. 5 rom. Negative~ Circumscribed. 

No. 676 ....... . .. . . .. ... . . . 4 rom. 4 rom. 4 rom. Negative . Circumscribed . 

No. 678 . . .... . . . . ... . .. .... 4 rom. 5 rom . 5 rom. Negative . Circumscribed. 

No. 674 .. . .... . .. .. .. . . .. . . 4 mm. 5 llliJ?.. 5 rom. Negative . Circumscribed. 

No. 675 .. .. . . ..... . ' . . .... . 4 mm. 4 rom. 6 mm. Negative . Circumscribed. 

No. 680 .................... 4 rom. 5 rom. 4 mm. Negative. Circumscribed. 

No. 679 ...... . .. ... . . . ..... 5 rom . 6 mm. 5 rom. Negative. Circumscribed . 

These were then divided into six groups and inoculated subcutaneously_:_ 
group 1 received 10 mg. of M. phlei , group 2 received 10 mg. of M. buty
ricum, group 3 received 30 mg. of M. ph.le-i, group 4 received 30 mg-. of M. 
butyricum, group 5 received 90 mg. of 111. phle-i and group 6 received 90 mg 
of M. butyricum. As in the case of the guinea~pigs the organisms were 
suspended in liquid paraffin according to the method of Glover ( 1941). The 
varying amounts were then injected under the skin behind the shoulder. For 
a few days after inoculation most of the animals were slightly lame and the 
injection site tender, but they soon recovered. 

On 17.12.41 and 19.12.41, forty-seven days later each cal£ was tested by 
the double intradermal test with extracts prepared from M. phlei and 
M. butyricum. 

On 5.1.42, the double intradermal test with tuberculin was carried out to 
see whether these animals were sensitive to tuberculin . 

60 
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l'uBERCul.lN TEST IN GUINEA-PIGS AND CATTI.E. 

Results .-It appears that animals can be sensitized by as small a weight 
of infecting organisms as 10 mg. given subcutaneously. Those animals, 
howev~r,. that ~ecei':ed 30 mg .. or 90 .m;s. g:ave n1.o~e/ronounced ski~ reactions. 
At the t1me of testmg, _the s1te ,of mJectlOn behm the, shoulder m all cases 
felt like an irregular indurated mass of fibrous tissue under the skin. This 
projected only ,ve.ry slightly above the skin leYel. At the time of the reactions 
to the two injected extracts the prescapular glands ·on both sides of the body 
wer·e enlarged but movable. They were also· slightly painful. The animals 
injected with JJJ. uutyTicum gave more marked skin reactions when 
tested with butyricum extract than did the animals injected with M. phlei 
when tested with phlei extract. 'l'he increase in skin measurements were 
in some cases very marked, e.g. , from 5 mm. to 51 mm., 4 mm. to 37 mm., 
4 mm. to 26 mm. ~'or the most part they simulated definite positive tuber
culin reactions. The. sites of injection showed oedema, were hot and tender 
to the touch and the prescapular lymph glands were enlarged. In no case 
was a systemic reaction ob&erved in any of the animals. These reactions 
would entitle one to claim that these animals had been sensitized. 

Sixteen days later a seco·nd intradermal tuberc'Ulin test was carried out 
on these sensitized animals, the actual. injections being made on the opposite 
side of the neek to that used for the butyricum and phlei e;x:tracts. The skin 
enlargements, as a result of the tuberculin injected, were, by no means, so 
marked as in the case of ill. phloi and ilf. uutyTicu?n extracts injected. ln 
some few cases the measurements of the skin were more than double and in 
the remainder the increase varied from 1 mm. to 4 mm. ln all cases, how
ever, the local reactiDns were strictly circumscribed. Oedema was not present 
even in those cases where the skin reaction was double the size of the original 
skin measurement. vVhen one compares the results of this tuberculin test 
carried out more than two months previously one would be entitled to assert 
that reactions had been given to the tuberculin as a result of having sensitized 
the animals with either M. phlei or M. buty1'icum. The question to be 
answered now is whether those reactions would be regarded as suspicious or 
positive if they occurred as a result ot a double intradermal tuberculin test 
m an animal · that had not been delibera,tely sensitized with a,ny non
pathogenic acid-fast organisms. I£ one relied solely on the character of the 
swelling, the opinion would probably be expressed that the reactions were 
only slightly suspicious, tending towards nega,tive. Various v.·orkers in 
different parts of the world place much stress on the size of the swellings set 
up by the injections of tuberculin. Buxton and MacN alty (1928) give figures 
for average skin measurements increase in 39 non-tuberculous animals as 3 
mm. and for 39 tuberctJ.lous animals as 12 · 7 4 mm., but they finally state 
that it was impossible to lay down a,ny definite increase in skin measurement 
which could be taken as absolutely diagnostic of tuberculosis. 

Christiansen (1933) maintained that an increase in skin measurement of 
2 · 5 or over in a herd believed to be free of tuberculosis was indicative of a 
positive reactor. In other herds an increase of 3·5 or over between the two 
skin measurements was an indication of a positive reactor while an increase 
of 1·5 mm. to 3·5 mm. suggested a suspicious case. . 

Zeller (1936) decided that an increase of 3 mm. in the skin measurement 
indicated a positive reactor. There are thus three groups of workers who 
interpret reactions differently. Group one relies on the clinical appearance 
of the reaction, group two gives an opini~n on the combination of the 
character of the swelling together with its measurements while group three 
appears to rely solely on the increase in the size of the skin measurements;. 

62 



A. S. CAl'i"HcL\1. 

To sum up fairly on these lines one v.·ould say that the tuberculin 
reactions give1i by the calves sensitized with M. phl"e·i and M. butyricmn 
would be negative, if judged solely on the clinical appearance; if judged 
by clinical appearance plus meat>urements they would be , regarded as 
suspicious, while finally if measureme·nt alone was the criterion th!')y would 
be classed as positive. 

As most experienced workers in tuberculin testing interpret results on 
the character of the swelling at the site of injection. together with the increase 

, in its measurement, six of the calves in this experiment would be classed as 
suspicious tuberculosis cases. These results lend support to the views of such 
workers as Schroeder (1926), Hastings, Wisnicky, Beach and McCarter (1933) 
and 'l'imoney (1939), that cattle sensitized with non-pathogenic acid-fast 
organisms may· give .reactions simulating positive tuberculin r-eaction when 
tested with this extract. 

Eleven months after inoculation the remaini~g calves from the previous 
experiment were once more tested with extracts prepared from ill. butyricum, 
M. phlei and a bovine strain of M. tuberculosis. Thirteen and a half months 
after inoculation these same animals were tested with avian tuberculin. All 
the results are concentrated in one table for the sake of comparison and 
brevity. The sizes of the skin swellings as a result of the original injections 
are also given (see following page). 

The results of the avian tuberculin tests were ~ather disappointing as it 
was anticipated that the reactions given would be greater than those given 
to the bovine tuberculin' test, especially in view of the article on " The 
Tuberculin Test " issued by the British Ministry or Agriculture and 
Fisheries in April, 1942. 

In order to be satisfied that the calves used were infected, it was decided 
to operate on them and remove · the swellings. This 'vas done on lOth 
December, 1942. The results were as follows:--'--

Calf 665.-Large encapsulated abscess 70 mm. in width, soft at 
one point on inner side. On sectioning it further, a number of 
channels were found running to smaller abscesses. The pus on being 
stained showed very numerous groups of acid-fast bacilli. Cultures 
·became overgrown- no colonies of acid-fast organisms were obtained . • 

Calf 676.-'l'his mass. was smaller, being 32 mm. in width. This 
was made up of a number of encapsulated abscesses which had the 
appearance of tuberculous abscesses usually found in affected glands. 
Smears made from the pus showed very numerous acid-fast bacilli 
scattered through it. These were not in clumps as in smears from 
Cal£ 665. Cultures were over-grown. 

Calf ti70.-This mass measured 57 mm. in width. On section it 
was one mass of abscesses, varying in size from a pin's head to that of a 
pea. The pus showed ' very numerous acid-fast bacilli. Several 
colonies of acid-fast bacilli were grow~ on serum agar from the pus. 

Calf 669.-'l'his mass measured 51 mm. in width and the lesions 
resembled those seen from Calf 670. Acid-fast organisms were very 
numerous in clumps in puEl smears, No attempts at cultivation were 
made. Section of the lesions showed acid-fast organisms and changes 
indicative of tuberculosis were noted. · 
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A. S. CANIIA)l. 

Three ·months have elapsed irom the time of operation and except for 
slight scar formation the wounds have healed well. These calves will be 
tested with extracts prepared from M. butyricum, M. phlei, bovine tuber
culin and avian tuberculin. 

On 19th April, 1943.-Six of the remaining animals with a cont ·ol were 
tested with the four extracts mentioned above. 'l'he object was to see whether 
the surgical removal of the lesions would. result in a loss of sensitivity to any 
of the extracts used. This experiment was suggested in view of the work of 
Brook (1937). He stated that in communicat~ons he had received from field 
veterinary officers it was stated that if the " skin lesions " were removed 
surgically the animal lost its sensitivity to tuberc11lin. 

The lesions produced artificially in these calves were of a more serious 
nature than ordinary " skin lesions " as they involved the formation of large 
fibrous masses but in spite of this it was worth testing out after their surgical 
removal. 

The results are g1ven on the next page. 

The results of this test do not differ greatly from those obtained on 
22.9.42. It would appear that the removal of the lesions has not affected the 
sensitivity of the anim!tls towards extracts prepared from M . butyricum and 
M. phlei. The .reactions towards avian tuberculin are slightly more marked 
than those shown at the previous test and some might be classed as suspicious. 
The reactions given to the bovine tuberculin injections could still, in four 
cases, be classed as suspicious. 

CoNcLusioNs . . 
1. In, guinea-pigs a sufficient degree of infection with the organism of 

tuberculosis can be set .up by artificial means so that reactions with tuberculin 
are given within from 24 to 30 days. 'l'his means that the period o£ 6-8 weeks 
usually elapsing before subjects . injected with suspected tuhercuhn m <J terial 
are killed for diagnosis can be shortened by testing the subject and a control, 
with tuberculin in from ~4 to 30 days, thus expediting -results of tests. 

2. Animals infected with Br. abOTtus may give strongly suspicious 
reactions when tested with tuberculin. 

3. Reactions strong-ly suspicious of positive tuberculin reactions h ave 
been observed in cattle that were pregnant and' close to the time of partu
rition. A similar case was observed in a control guinea-pig. 

4. Guinea-pigs infected with strains of non-pathogenic acid-fast 
organisms gave reactions in some C<l.ses when tested with tuberculin in a 
dilution of 1 to 100. More marked reactions to tuberculin were obtained 
when lower dilutions were used, viz., 1 to 10 to 1 to 40 dilutions. 

5. Extracts prepared from non-pathogenic acid-fast organisms, in the 
same way as tuberculin is prepared, appear to contain some antigenic factor 
common to all members of this , group that gives rise to reactions 
when inoculated into small animals artificially infected with separate 
members of this group. · 

6. Extracts prepared Ol). the lines of L'anaexo-Tuberculin may contain 
products that are specific· for each member of the acid-fast group o£ or'ganisms. 
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A. S. CANHAM. 

7. Cattle up to 2! years of age can be sensitized by the suh{;utaneous 
inoculation of 10 mg. of strains of M. uutyricum and ilf. phlei suspended in 
liquid paraffin. Larger amounts of the mganisms do not appear to give rise 
to a greater degree of sensitivity . . 

8. Cattle sensitized by subcutaneous inoculation of strains of ilf. buty
ricum and llf. phlei gave definite suspicious reactions when tested with 
tuberculin by the double intradermal method. 

9. These same animals when tested with avian tuberculin showed no 
more marked suspicious reactions than when tested with standard tuberculin. 

10. Thirteen and a half months after subcutaneous inoculation with 
strains of llf . bt(tyricum the non-pathogenic organism M. btayricum could 
be cultivated from pus obtained from the resultant lesion. 

11. Sections cut from the lesions set up by these two organisms showed 
changes indistinguishable from those set up by tuberculosis. 

12. Four months after the surgical removal of the lesions set up by the 
inoculation of the non-pathogenic acid-fast organisms the, animals still. gave 
definite positive reactions when tested against the corresponding extracts. 

13. It is probable that some non-specific reactions shown by animals, 
when tested "·ith tuberculin, may be due to these animals being sensitized 
naturally by a strain or strains of some non~pathogenic acid-fast organism. 

14. This may also be an explanation for some of the " no lesion " 
TeactOJs to the douhle intraderlllal tuberculin test. 
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