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INTRODUCTION
When in June, 1924, Calmette and Guerin (20) first published their
offer to furnish BCG cultures for experimental trial, the writers took
under consideration plans for testing this method of vaccinating
animals against tuberculosis. The matter rested until 1926, however,
when Mr. H. D. Williamson of Napa, having read press notices of the
French experiments, became interested in the possibility of controlling
tuberculosis by means of this material in his dairy herd of about two
hundred CO\VS on Grisly Island in the Sacramento-San Joaquin Delta.
Mr. Williamson urged that cultures be secured at once and furnished
funds to pay for cablegrams and airmail postage. Plans were then
developed for conducting formal investigations under controlled conditions at the California Agricultural Experiment Station, as well as
for starting the work with the culture in the Williamson herd.
The following paper includes a summary of the experiments with
the culture BCG by Calmette and Guerin and others, a report of the
investigations with the culture to date at the California station, and
an account of the attempt to control tuberculosis by means of culture
BOG in a commercial dairy herd, together with summaries and conclusions drawn from the work in California.
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SUMMARY OF THE EXPERIMENTS OF CALMETTE AND
GUERIN AND OTHERS
The experiments by Calmette and Guerin concerning the resistance
to tuberculosis conferred upon young cattle by the bile-attenuated
tuberculosis culture BCG (bacille bilie Calmette-Guerin) may be
summarized as follows:
In 1911 Oalmette and Guerin(l5) published the results of experiments in which 14 heifers, about 3 years of age, were given each
month intravenous doses of 200 milligrams of BOG. After 6 months
of such treatment, 9 became cachectic, but, on slaughter, no lesions of
tuberculosis were found. Attempts were made to infect some of the
remaining vaccinated heifers by injecting cultures of virulent bovine
tubercle bacilli intravenously. I t was determined by guinea-pig tests
that these heifers excreted the virulent bacilli by way of the intestinal
tract, but when they were slaughtered, no visible lesions of tuberculosis
could be found.
In 1913 and 1914 Calmette and Guerin (17,18) reported that 7
heifers had been vaccinated intravenously with two doses of 1 and
5 mg, respectively, of the thirty-third and thirty-fourth transplants
of BCG on ox-bile potato. Thirty days after the second vaccination, a
dose of 3 mg of virulent tubercle bacilli was given intravenously to
each of the 7 heifers and to 1 nonvaccinated control. The control died
of miliary tuberculosis in 34 days. The vaccinated heifers remained
apparently normal and were killed at 1, 2, 3, 4, 8, 12, and 18 months,
respectively, after the test injection. No visible lesions of tuberculosis
were found, but in all 7 cases virulent tubercle bacilli were demonstrated by guinea-pig inoculation in the apparently normal bronchial
lymph nodes.
In 1920, Calmette and Guerin (19) published the results of a carefully controlled trial, begun in 1912, of the resistance to tuberculosis
of vaccinated heifers when associated with cows having open tubercuous lesions. Ten non-reacting heifers, aged 9 to 10 months, were
selected, 4 of them being reserved as controls. Each of the other 6
received, in the jugular vein, 20 mg of bacilli from a 2-week-old
planting of BOG·, the seventieth transplant on ox-bile potato. On the
same day, the 10 heifers were placed, together with 5 adult tuberculous cows, in a stable arranged to favor natural infection. The experiment lasted for 34 months, during which time some of the 5 tuberculous cows died and were immediately replaced by other open cases of
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tuberculosis. After 18 months of such exposure to tuberculosis, none
of the 6 vaccinated heifers reacted to tuberculin, while 3 of 'the
controls gave definite reactions.
Three of the 6 vaccinated heifers, at the end of a year, received
intravenously a second injection of 20 mg from a 21-day culture of
BCG, the eighty-ninth transplant on ox-bile potato, and 2 of these 3
heifers received again, 12 months later, 20 mg of the one hundred and
thirteenth generation of BCG culture. In March, 1915, 1 of these 2
heifers was killed accidentally. No lesions of tuberculosis could be
found, and guinea pigs inoculated with portions of her bronchial
lymph nodes were found normal on autopsy after 5 months.
On account of the war, it became necessary to terminate the experiment in August, 1915. On autopsy of the 9 remaining heifers, the
following observations were made:
1. Three controls presented some tuberculous lesions, which were
in general of slight extent. The fourth control, which had never
reacted to tuberculin, was free from lesions.
2. Two of the 3 heifers vaccinated only in 1912 had a few small
tubercles in the lungs and in the bronchial, mediastinal, and mesenteric
lymph nodes. The third was free and portions of its lymphatic tissue
inoculated into guinea pigs did not cause tuberculosis.
3. The heifer which had been vaccinated in 1912 and again in
1913 was free from tuberculous lesions, and portions of its lymphatics,
injected into guinea pigs, did not cause tuberculosis.
4. The 2 heifers vaccinated in 1912, 1913, and 1914 were free, and
portions of their lymphatics failed to produce tuberculosis in guinea
pigs.
Calmette and Guerin concluded from this experiment that the
intravenous injection of BCG not only confers upon healthy bovines a
tolerance against artificial test inoculation, but also protects them for
a time against infection from close and continued cohabitation in
infected stables. They concluded that this tolerance, apparently
linked with the presence of nonvirulent bacilli in the body, does not last
longer than 18 months after a single vaccination. They stated that
the tolerance could be maintained by vaccinations carried on each year.
In 1924, Calmette and Guerin-"? reported an experiment with 20
heifers, 7 to 8 months old and free from tuberculosis as indicated by
the tuberculin test. Heifers 1 to 12 were vaccinated subcutaneously
in the dewlap with BCG, the even numbers receiving 50 and the odd
numbers 100 mg, respectively. Numbers 13 to 18 served as controls
and were maintained under the same conditions. The 12 vaccinated
heifers were divided into six groups of 2 animals each (1-2,3-4, etc.).
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With each group was placed one of the nonvaccinated control heifers,
each group of three occupying an isolated stall. To test the resistance
conferred by the vaccine, virulent bovine tubercle bacilli from cultures
were weighed in a fresh state and inoculated into 195 ' of the heifers,
intravenously, in 5-mg doses with the following results:
Group I. Vaccinated heifers 1 and 2 and control No. 13 were
inoculated 1 month after vaccination. Control No. 13, killed 60 days
after inoculation, showed advanced miliary tuberculosis of the lungs.
Vaccinated heifer No.2 died of verminous bronchitis 5 months and
7 days after inoculation. No lesions resembling tuberculosis were
found. Guinea pigs, inoculated with portions of, the apparently normal left bronchial lymph node, contracted tuberculosis. Vaccinated
heifer No.1 remained in good condition and was butchered 12 months
after inoculation. No lesions of tuberculosis could be found. Portions
of the left bronchial lymph node were injected into 4 guinea pigs.
These were killed but no indication of tuberculosis could be found in
them.
Group II. Vaccinated heifers 3 and 4 and control No. 14 were
inoculated 3 months after vaccination. Control No. 14 died of miliary
tuberculosis 44 days after inoculation. Vaccinated heifers 3 and 4
remained in good condition. They were slaughtered 11 months after
the test inoculation and no tuberculous lesions could be found. Portions of their bronchial lymph nodes were inoculated into guinea pigs.
These pigs were killed 45 days after inoculation. Those that had
received tissue from heifer No.4 were tuberculous, but those inoculated from No.3 were free from tuberculosis.
Calmette(12) in the latest edition of his book L'Infection Baeillaire
ei lao tuberculose chez l.'Homme et chez les Animau.x attributes great
importance to the observation that the guinea pigs inoculated from
heifers 1 and 3 remained free from tuberculosis. In previous experiments he had observed that calves vaccinated by the intravenous route
and later inoculated by the same route with virulent bacilli, remained
free from caseous lesions, but their apparently normal lymph-node
tissue would retain the bacilli virulent for guinea pigs for at least 18
months. The fact that guinea pigs did not contract tuberculosis when
injected with tissues from heifers 1 and 3 was interpreted by Calmette
to indicate that the subcutaneous injection of BCG is more efficacious
than the intravenous method of vaccination.
Group III. Vaccinated heifers Nos. 5 and 6 and control No. 15
were inoculated 6 months after vaccination. Control No. 15 became
.very emaciated, was killed 60 days after inoculation and was found to
5

Only 19 heifers are accounted for in their descriptions.
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have extensive miliary tuberculosis of the lungs with some hepatization. Vaccinated heifers 5 and 6 were slaughtered 8 months after
inoculation and no lesions of tuberculosis were found, but their appar- .
ently normal bronchial lymph nodes contained tubercle bacilli virulent
for guinea pigs.
Group IV. Vaccinated heifers 7 and 8 and controls 16 and 16A.
were inoculated 12 months after vaccination. On account of the long
delay, it was thought necessary to have 2 controls. The 2 controls
died of miliary tuberculosis in 32 and 58 days, respectively. The
vaccinated heifers Nos. 7 and 8, remained in excellent condition and
"Were slaughtered 3 months after the infecting inoculation, No tuberculous lesions could be found, but their apparently normal bronchial
lymph nodes contained tubercle bacilli virulent for guinea pigs.
Group V. Vaccinated heifer No. 10 died 25 days after vaccination.
Vaccinated heifer No. 9 and control No. 17 were inoculated with
virulent bacilli 15 months after vaccination. Control No. 17 died of
miliary tuberculosis 5:4 days after inoculation. Vaccinated heifer No.
9 was butchered 2 months after inoculation. No lesions typical of
tuberculosis were found, although the bronchial and mediastinal
lymph nodes were reported by the veterinary director of the abattoir
to be slightly enlarged and juicy. No mention was made of guinea-pig
inoculations.
Group VI. Vaccinated heifers 11 and 12 and control No. 18 were
inoculated 18 months after vaccination. The control died of miliary
tuberculosis in 42 days. After the intravenous inoculation, with
virulent tubercle bacilli, No. 11 gave the immediate thermal reaction
typical in vaccinated calves, while No. 12 did not show this reaction
but, on the 13th to the 18th days it showed a marked hyperthermia
(39.8° C), after which it became apparently normal in every way.
The 2 vaccinated heifers were killed 2 months after inoculation.
Vaccinated heifer No. 11 was apparently free from tuberculosis,
although its lymph nodes were somewhat enlarged and soft. In
vaccinated heifer No. 12, the lungs were firm and incompletely collapsed. On section, the lung tissues were found thick and hard, but
permeable throughout. The bronchial and mediastinal lymph nodes
were firm and enlarged to twice normal size. On section, they were
found to contain white islets, inclining to gray, surrounded by a zone
mixed with blood, almost hemorrhagic, without visible tuberculous
nodules. Calmette concluded that No. 12 had reached the limit of its
tolerance after 18 months, although its resistance was still sufficient to
prevent it from contracting the form of acute miliary tuberculosis
shown by the control.
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In 1927, Guerin, Richard, and Boissierev"? reported an attempt,
begun in 1921, to eliminate tuberculosis from an infected herd of 50
to 70 cattle at Gruville by vaccination of the young calves with BCG.
The harmlessness of BCG for cattle was indicated by the fact that 30
animals, vaccinated in 1921-1924 and in several cases revaccinated
for 3 or 4 consecutive years, were found, on slaughter for beef, to be
free from tuberculous lesions. Guerin and his associates expressed a
belief in the efficacy of the vaccine in preventing tuberculous infection in the young cattle associated with many tuberculous cows under
conditions in which no sanitary precautions were taken to prevent the
spread of infection. However, definite proof of this seems to be
lacking, especially since no controls were used. No precautions. appear
to have been taken to protect the young calves from infection. during
the first few weeks of their lives and, in several instances, the first
vaccination was delayed from 3 to 8 weeks, although in a recent publication, Calmette and Guerin (21) have pointed out the importance of
protecting all vaccinated calves in herds where .eases of open tuberculosis exist by observance of the following precautions:
(1) The first injection of BCG vaccine should be made as soon as
possible after birth and n?t later than the 15th day.
(2) The vaccinated subjects should be protected from abundant
and repeated contamination by isolation and by feeding milk free
, from tubercle bacilli.
They further state that if calves receive the harmless bacillusvaccine before exposure to virulent bacilli, they will be "premune.' '6
If, on the contrary, virulent organisms are already installed in the
animal the vaccine cannot play any useful role.
Attempts to confirm the findings of Calmette and his associates
have been reported by investigators in various countries. So far as
the experiments on cattle are concerned, the results have been variable.
Sanz(64) has reported the vaccination of 841 head of cattle of all
ages, 286 of which were in herds from which reactors to the tuberculin
test were removed before starting to vaccinate. No injurious effect
was observed to result from the vaccine.
Fenelon (33) has reported preliminary results of a field trial on t\VO
infected farms where all of the calves have been vaccinated since 1924
at 3 weeks to 1 month of age. One hundred and eleven vaccinated
calves on these farms, at the time of publication, were reported to be
6

According to Calmette, the word "premunition" was first proposed in 1924

by Edm, Sergent and Donatien to designate a condition of protective latent infec-

tion, such as exists in certain. protozoan diseases, particularly bovine piroplasmosis.
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in excellent condition. No tuberculous lesions were found in 32
vaccinated calves that were butchered or that had died of intercurrent
diseases.
The results of Ascoli and his associates'!' have apparently supported the claim that subcutaneous injections of BCG will protect
against an intravenous dose of virulent tubercle bacilli that is fatal to
nonvaccinated cattle.
A preliminary report of the Ukranian Commission summarized
by 'I'zeknovitzer"?" states that 12 calves and 2 colts. were injected
subcutaneously or intravenously with 76 to 200 mg of BCG. They
all continued to develop in a normal fashion. One of the calves which
had received 76 mg subcutaneously was killed 6 months later. Autopsy
showed it to be free from tuberculosis, except that at the point of
vaccination there was a circumscribed infiltration of the tissues with
acid-fast organisms.
Eight months after vaccination, another calf which received 300 mg
intravenously was killed. Lymph nodes in various parts of the body
were enlarged, but no lesions characteristic of tuberculosis could be
found. Guinea pigs inoculated from the lymph nodes remained
normal.
In a communica.tion in 1927 'I'zeknovitzer-"'" reported a trial with
13 vaccinated and 4 control calves. Six to 8 months after vaccination
these were subjected to intravenous infection with the small dose of
0.005 mg of Vallee's strain of virulent tubercle bacilli. IIis statement
of the results may be summarized as follows:
After the injection of the virulent Vallee culture the controls did
not show a thermic reaction, but the vaccinated animals had a typical
rise in temperature corresponding to a tuberculin reaction. All of
the controls died in about 6·weeks of miliary tuberculosis. One of the
vaccinated animals died 6 weeks after infection. No evidence of
tuberculosis was found in it, but there was impaction of the stomachs
and fatty degeneration of the liver. The other vaccinated animals
developed normally. Two were butchered 3 months after the intravenous infection. Autopsy showed a nodular tuberculosis of moderate
intensity in one animal and a similar, but milder, condition in the
other. These lesions were not sufficient to have any clinical effect on
the general condition of the animals. One of the vaccina.ted calves
died from causes other than tuberculosis 3% months after intravenous
infection. In the left lung were 7 to 10 small isolated tubercles tending to calcification. Two more of the vaccinated calves were butchered
6 months after infection. One had several isolated tubercles on the
pleura and a large number scattered through the parenchyma of the
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lung, but it was stated that there was no evidence 0'£ a tendency of
these lesions to spread. The other calf, killed at the same time, had
several calcified nodules in the bronchial and mediastinal lymph nodes
and also a few pulmonary nodules. There was a slight hyperplasia of
the pleura.
Another vaccinated calf was. butchered 8 .months after infection
and showed 3 tubercles in the lungs and 1 on the pericardium. There
was a slight serous hyperplasia of the pleura.
Ten months after vaccination, another vaccinated calf was
butchered. In the lower part of the lung was a caseous mass, the size
of a hazel nut and 6 or 7 others, each the size of a pea. One tubercle
was found in the apex of the left lung. The nature of the caseous foci
had not been determined at the time of publication. There was a
slight hyperplasia of the visceral and parietal pleura.
All of these cattle killed 6, 8, and 10 months after infection, were
reported to be clinically in excellent general condition.'
In the third report of the Ukranian Commission, Tzeknovitzer(71, 72)
stated that 50 calves in all had been used in the experiments a.nd that
the vaccination of cattle confers in general in these animals a manifest
resistance to experimental infection.
Lange and Lydtin (44, 411) vaccinated calves. in various ways and 3
to 3~12 months later infected them with intravenous doses of 2 mg of
the Vallee strain of virulent bovine tubercle bacilli with the results
shown in table 1.
In a further vaccination trial, Lange and Lydtin':"" injected 4
calves intravenously with 20 mg of Vallee strain of virulent bovine
tubercle bacilli, 6% months after vaccination of 2 of them. The
results of this trial are shown in table 2.
They concluded that their results stand in contradiction to the
observations of Calmette and Tzeknovitzer, and suggested that, in
recent years, there may have been a weakening in virulence of BCG,
thereby resulting in a reduction in its immunizing" power.
Watson, McIntosh, and Konst'?" have reported experiments with
14 calves that were placed with tuberculous cattle within the week
following vaccination. On slaughter after 15 to 25 months these
calves all showed tuberculous lesions, varying in the different animals
from involvement of two groups of lymph 110d8f-; to extensive generalization. The control animals, 3 in number, also showed lesions. Their
conclusion was that as far as a comparison is possible with these
unequal numbers, there was nothing in favor of the vaccinated animals,
nor any evidence to indicate a greater degree of resistance on their
part to tuberculosis.
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In addition, Watson (76) has reported results on 7 calves which were
vaccinated twice at intervals of 12 to .14 months. These and 3 unvaccinated controls were all exposed to natural infection through milk and
by cohabitation with tuberculous cattle. On sla.ughter at an age of 19
to 25 months tuberculous lesions were found in all 10. Watson stated
that there was no definite evidence that the vaccinated were more
resistant than the unvaccinated.
TABLE 1
RESULTS OF VARIOUS METHODS OF VACCINATION IN TESTS BY LANGE AND LYDTIN*

Death,
days after
infection

Autopsy

160 mg BCG
subcutaneous

Died,
56 days

Miliary tuberculosis of lungs. Closely studded with miliary to
linseed-sized nodules. Bronchial lymph nodes enlarged without
macroscopically visible nodules. Very fatty liver. No other
changes of significance.

5

160 mg BCG
subcutaneous

Killed,
75 days

Lungs flecked with hardly visible spots. Microscopical aceumulations of round and spindle cells, typical of tubercles. Bronchial
nodes had no lesions. Kidneys had many typical tubercles,
microscopic in size.

7

160 mg BCG
subcutaneous

Killed,
75 days

Lung flecked with discrete linseed-sized nodules. Microscopically
like No.5. No other lesions of significance.

21

160 mgBCG
subcutaneous

Killed,
78 days

In apical lobes of lungs, many linseed-sized tubercles with yellow
centers. Many such nodules in bronchial and mediastinal nodes.
Microscopic findings typical of tuberculosis. Kidneys, miliary
nodules.

12

20 mg BCG
intravenous

Killed,
74 days

No lesions found.

20 mg human
strain of
tubercle
bacilli

Killed,
74 days

No lesions found.

20 mg human
strain of
tubercle
bacilli

Died,
60 days

Calf
No.

Vaccination

2

-----------

1

20

Lungs, many pea-sized caseous nodules and miliary tubercles.
Arthritis of left tarsal joint. Not possible to determine which
lesions were the result of the human bacilli and which the result
of the bovine.

- - ------ - - - ---------------------------Control

Died,
10 days

Bronchopneumonia and miliary tuberculosis of lungs in first
stages.

11

Control

Died,
25 days

Massi ve miliary tuberculosis of the lungs. Bronchial nodes enlarged
without tubercles.

19

Control

Killed,
74 days

Flecking of the lungs as in cases 5 and 7 with linseed-sized nodules,
microscopically typical-of tubercles. One kidney tubercle.

- - - - - - - ----- --_._---_._-----------------22

Control

Killed,
78 days

Lungs, separated miliary nodules, microscopically typical of
tuberculosis as in calf 7.

* Table taken from the article by Lange and Lydtin.ss
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Rankin (63) after experimenting for 4 years and using about 250
calves reports that the vaccine was entirely harmless, although in most
cases the calves reacted to the tuberculin test subsequent to vaccination. The calves which were vaccinated with BOG and immediately
exposed to infection showed moderately increased resistance to tuberculosis over unvaccinated controls. Calves vaccinated with BOG and
subsequently kept under sanitary conditions for a period in order to
permit resistance to develop before exposure to infection, showed 80
per cent immunity as compared to 14 per cent for the controls. He
reported that the tuberculous lesions found in the vaccinated calves
were in general much less pronounced as well as less numerous than
those in unvaccinated animals.
TABLE 2
FURTHER. RESULTS OBTAINED BY LANGE AND I~YDTIN*

Calf
No.

Vaccination

Death,
days after
infection

13

100 mg BCG
subcutaneous

Died,
25 days

14

100 mg BCG
subcutaneous

Died,
17 days

23

Control

Died,
23 days

24

Control

Died,
23 days

Autopsy

Severe miliary tuberculosis of the lungs and distinct kidney
tubercles in all calves.

• Taken from the article by Lange and Lydtin.w

King and Park'"'" from observations on 46 calves, 45 of which were
still living, concluded that 35 had developed tubercles, a,t the point of
vaccination at least, as a result of the subcutaneous injection of 50 mg
of BOG, since they became allergic within 12 weeks after vaccination,
but 27 of 29 had lost skin hypersensitiveness by the 32nd week. In
one of these the reaction to tuberculin became doubtful on the 42nd
week and was negative at 72 and at 90 weeks. This animal after being
transferred to a farm for breeding purposes contracted tuberculosis
Of the lungs and bronchial and mediastinal nodes.
They have also concluded that 2 out of 8 calves after being' fed on
BOG showed evidence of protection, the test in one of these animals
being the subcutaneous injection of 5.0 mg of bovine tubercle bacilli and
in the other of 0.1 mg intravenously. In 5 calves that had been vaeci-:
nated subcutaneously and later subjected to the subcutaneous injection
of bovine tubercle bacilli, they concluded that there was some evidence
of immunity, since in 3 instances the lesion was limited to cold abscess'
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formation, in 1 there were tuberculous lesions in an adjacent lymph
node, and in 1 no lesions' were found, whereas in the controls lesions
were found in the adjacent nodes in every case except 1, where a cold
abscess was present.
In another group of 4 calves vaccinated subcutaneously, 0.1 mg of
bovine bacilli intravenously did not produce lesions, while this dose,
as well as 0.01 mg, produced lymph-node lesions in 4 control calves.
In 2 vaccinated calves 1.0 mg of virulent bacilli produced lesions only
in the broneho-mediastinal groups, while the same dose in 2 control
calves produced lesions in the mesenteric nodes as well as in the
bronehomediastinal. In a feeding infection experiment and also in
trials with the subcutaneous injection of 0.01 to 0.10 mg of bovine
tubercle bacilli by these writers, the results were inconclusive, since
both the vaccinated and control animals failed on autopsy to show
any lesions.
Larson and Evansv"" have reported the completion of an experiment begun in 1926 in Illinois with 60 head of cattle under farm conditions. Some of these were vaccinated annually by the subcutaneous
injection of 100-mg doses of BCG; others received injections of killed
tubercle bacilli suspended in sodium ricinoleate, and a third group
were left untreated as controls. Six months after the first vaccination
of the experimental animals some tuberculous cattle were turned into
a 20-acre field with them. The experimental groups were depleted in
various ways, unrelated to the experiment, and the experiment was
terminated in 1928, at which time the cattle were slaughtered.
The publis.hed autopsy results were in general as follows: Of 7
calves treated with BCG, 4 had tuberculous lesions. Of 8 calves
treated with killed bacilli, 2 had tuberculous lesions. Of 6 control
calves, 2 had tuberculous lesions. The writers stated that this would
seem to indicate that the Calmette method of vaccination had no value
whatever in cattle.
Studies at the United States Bureau of Animal Industry Experiment Station have been reported by Schroeder and Crawford, (65) in
which vaccinated cattle were exposed, with an equal number of
controls, to tubercle bacilli by intravenous and subcutaneous injections, by feeding, and by contact with known tuberculous animals.
In the group where exposure was made by feeding virulent tubercle
bacilli, they reported more extensive lesions, as a whole, in the vaccinated than in the unvaccinated. In the group infected by injection
or natural exposure, including 9 vaccinated cattle and an equal number of controls, it was reported that resistance to the localization and
generalization of tuberculosis was slightly more manifest in the vae-

318

Hilgardia

[Vol. 4, No. 12

einated than in the unvaccinated animals, but in no group was there
manifest an immunity as measured by the prevention of infection.
A large number of reports have been published on the effect of
BCG on small laboratory animals. These have been thoroughly reviewed up to 1928 by Kraus(41) and Lowenstein. (50) An excellent review
of the veterinary aspects of the Calmette-Guerin method has been
prepared by Zwick and Witte, (80) who claim that infection experiments are of little significance in determining the practical usefulness
of an antituberculosis vaccine unless supplemented by trials under
commercial farm conditions.
Such a trial has recently been reported by Brinet, (5) who has used
the vaccine during the past 6 years on about 300 calves in a dairy near
Paris. The records showed that, since 1895, an annual average of 5
or 6 carcass condemnations, partial or total, had been made by inspectors at the time of slaughter of animals marketed from this farm,
but that since January, 1926, none have been condemned or even
reported to be tuberculous. Among the animals marketed since that
date are 35 vaccinated cattle, aged at least 4 years. The owner was
quoted as stating that since the vaccine had been used in his herd, the
profit and loss sheet had been favorably influenced.
In a recent publication, Gerlaeh'"?' emphasizes the harmlessness of
BCG. He reports on the completed experiments and on those still in
progress in which 702 guinea pigs and rabbits, 29 monkeys, 381 calves,
46 oxen, 3 dogs, and 2 cats each received 20 to 250 mg of BCG either
by the digestive tract or by subcutaneous, intraperitoneal, intravenous,
subdural, intracerebral, or intratestieular injection. No matter in
what manner the BCG was given, the result was always a localized
lesion which gradually healed.
The findings in 10 guinea pigs and 8 rabbits 6 months after 25 mg
of BCG were injected intra-cerebrally led Gerlach to conclude that it is
not possible for him to recognize in BCG any infectious character for
the central nervous system. In presenting further evidence to support
the harmlessness of BCG, he claims that the reinoculation of cultures
obtained from inoculated animals failed to augment the virulence and
that after successive passages through animals, the virulence is. also
not increased. He, therefore, considers BCG as a fixed virus.
Gerlach failed to find any increased pathogenicity in the dissociated
S variant, as claimed by Petroff, (59) and he is not prepared to recognize
in the S colony of Petroff or any other variant a degree of virulence
different from the entire BCG culture. These latter conclusions were
based on the injection of variants isolated by Gerlach and Gmeiner and
also of variants obtained from 'I'zeknovitzer, Petroff, and from R.
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Kraus. Guinea pigs and rabbits and' 2 bovines inoculated in these
experiments have failed, after 6 months, to show any apparent evidence
of disease.
Gerlach further reports on the field vaccination of 371 new-born
calves in badly infected tuberculous environments. Thus far, no
tuberculous lesions have been found in a number of these animals
slaughtered for various reasons, and those still living' are reported to
be developing normally.

EXPERIMENTAL METI-IODS AT THE CALIFORNIA

S~"ATION

Great care has been used to follow explicitly the directions given
by Calmettev''" in propagating the cultures. and preparing the vaccine".
The precaution of using separate laboratory equipment and of transferring the stock cultures to bile potato every tenth and eleventh
transplant has been observed.
In the controlled experiments at Berkeley and Davis precautions
have been taken to protect the calves from virulent infection from
birth to vaccination and also during the interval between vaccination
and the first intentional virulent infection. At least as many nonvaccinated checks as vaccinated animals have been maintained, and in
.one of the experiments additional checks treated with heat-killed
tubercle bacilli or with nonvirulent strains of acid-fast bacilli were
used.
In the experiments on the commercial dairy belonging to Mr.
Williamson, only a few controls have been available, and protection
of the calves from infection until 30 days after vaccination has not
been possible.
Selection of the Ca.lves.-The calves described in' the artificialinfection experiments at Berkeley and Davis were of the HolsteinFresian breed, either purebred or the offspring of grade cows and
purebred bulls. They were born in the University Dairy Herd at
Berkeley or selected from other herds free from tuberculosis as
indicated by the tuberculin test. If selected from other tuberculosisfree herds, they were brought to the 'University Dairy at Berkeley
before reaching 10 days of age and reared in an environment believed
to be free from virulent bovine tubercle bacilli.
Use of the Tuberculin Test.-The question of using the tuberculin
test was discussed with Calmette by one of the writers (Traum) in
1926. It was thought desirable that no tuberculin tests should be made
on either vaccinated calves or nonvaecinated control calves after they
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had been subjected to infection. After 2 years' experimenting without the use of tuberculin on any calves, it was decided to use the test
on the nonvaceinated control animals just previous to subjecting them
to infection, as an added precaution to insure their being free from
tuberculosis. Hence, the control calves subjected to infection since
January 1, 1928, have been in all cases tuberculin tested. Also certain
calves 4 weeks or older were tested with tuberculin before being
vaccinated. Results as shown in tables 7B to lIB fail to indicate that
the use of the intradermic test had any effect on the experimental
results.
The test as used at this station consists of a single intradermic
injection into a subcaudal fold of 0.1 cc of United States Bureau of
Animal Industry intradermic tuberculin, hereafter referred to as
B. A. I. tuberculin. This dose is reported by Dorset" to be approximately equivalent to 25 mg of O. T.
Continuing the policy of Calmette and Guerin, the International
BCG Conference of October, 1928, (27) adopted the ruling': "In order
not to modify the receptivity of the animals, the tuberculin test must
not be given to any of the experimenta.l animals, either before or
during the course of the experiments." The writers at the California
station are now of the opinion, however, that it is better experimental
procedure to test control calves at the time they are weaned, such a
test forming a valuable check on the effectiveness of the methods used.
to protect all the calves from tuberculous infection during the first 5
or 6 weeks of life. The value of the tuberculin test on calves as a check
on the efficiency of the methods used to protect them from infection
while being fed on pasteurized milk from tuberculous cows has been
demonstrated in the process of eradicating tuberculosis from a dairy
of several hundred head of cattle, according to observations by Haring
and Traum. (38)
Preparation of the Vacci,ne.-The original cultures of BCG used
in the experiments at the California station were obtained by one of
the writers (Traum) at the Pasteur Institute, Paris. Four culture
tubes of glycerine potato, each labeled BCG 8 were received by him
on April 7, 1926, and were mailed to Berkeley, where they arrived
on April 21, 1926. Two additional culture tubes labeled BCG 1 V-2726 and BCG 321 V-30-26 were received on June 16, 1926, at Paris and.
brought to New York by Traum. These were mailed from New York,
arriving in Berkeley on July 10, 1926. Transplants from all except one
tube grew vigorously on potato, 5 per cent glycerine broth, Sauton's
medium, and 5 per cent glycerine ox-bile potato.
7

Dorset, M. Personal communication. 1929.
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Care has been taken to grow and prepare the vaccine and test it
for pathogenicity on guinea pigs in exactly the way prescribed in
directions received from Calmette. (10) The stock cultures have been
maintained in Roux tubes on potato with 5 per cent glycerine broth
for a series of nine generations. The tenth and eleventh generations
have been propagated on 5 per cent glycerinated ox-bile potato and
then replanted on potato in glycerine broth for nine generations. Old,
fully-ripened potatoes are used, since it has been observed that media
made from new potatoes give only a feeble growth of BCG. Sauton's
medium has been used for propagating some of the vaccine serials. A
separate incubator planting room and equipment have been used
exclusively for BOG culture and vaccine preparation. The vaccine
has been made from cultures not less than 19 days nor more than 26
days old, except in the case of calves vaccinated in April-sluly, 1926,
with material taken directly from the original cultures received from
Calmette. When ready for use, each cubic centimeter of vaccine
contained 10 mg of BCG bacilli (weight after removal of excess
moisture by blotting with filter paper), suspended in a sterile diluent
consisting of 100 parts of distilled water, 1 part of chemically pure
glucose, and 1 part of chemically pure glycerine, as prescribed by
Calmette, (10)
Method of Vaccination.-The subcutaneous injections of vaccine
into calves have been made by passing an 18-g'auge hypodermic needle
through the skin of the dewlap in such a way that it passed close to
the inner layers of the skin for about an inch. The point of the
needle was held firmly against the inner surface of the skin while the
10 cc suspension of BOG was injected to infiltrate the inner layers of
the skin as well as the subcutaneous tissue. The purpose of the
injection against the skin was to obtain any possible intracutaneous as
well as subcutaneous immunizing effect.
Autopsy Methods and G~tinea,-Pig Injections.-All of the cattle at
the end of the experiment were slaughtered in small establishments
where official inspection was maintained, except those which were
showing terminal symptoms of tuberculosis. The latter were killed at
a University laboratory and the carcasses taken to a fertilizer works.
The heads, hearts, lungs, livers, and intestines with all the attached
lymph nodes were removed in containers to the laboratory. The
superficial inguinal or supermammary, the preseapular, and the
precrurallymph nodes were removed from the carcass and also taken
to the laboratory. The anal, sacral, internal iliaes, sublumbar renal
lymph nodes, and those on the stomach were carefully sliced and
examined at the abattoir. In this manner all the lymph nodes and
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organs with the exception of the brain and some of the. deeper unimportant lymph nodes were carefully observed. In the laboratory the
lymph nodes were removed and each before inoculation into the
guinea pigs was immersed in boiling water from 10 to 12 seconds,
placed in sterilized pans or Petri dishes, and sectioned. In a carcass
where lesions were very small or entirely absent, the nodes were cut
with sterilized scissors into pieces not more than 3 to 4 mm in thickness, several hours being consumed in examination and in obtaining
material from each. animal for injection. The procedure of immersing
lymph nodes in boiling water insured against the introduction of
tuberculous infection from the exterior and was far superior to searing
with a hot spatula since all crevices and folded tissues could be more
readily exposed to the heat, and, besides, any portion of lymph nodes
so treated was available for inoculation.
In carcasses where macroscopic evidence of tuberculosis was not
present a fair and large composite sample of the lymph nodes and
organs was injected into guinea pigs.
The guinea pigs were usually killed between 60 and 90 days after
inoculation except in those cases where discharging' tuberculous ulcers
had developed at the point of inoculation, in which case they were
killed at an- earlier date.

THE EFFECTSFRO¥ INTRAVENOUS AND SUBC1JTANEOUS
INJECTION OF VIRULENT TUBERCLE BACILLI IN
VACCINATED AND CONTROL CALVES
In table 3 is summarized the results following the intravenous
infection of 4 calves that had been vaccinated with BCG and of 4
nonvaecinated controls, and the subcutaneous infec-tio1t of 2 calves that
had been vaccinated with BCG and of 2 nonvaecinated controls.
For the infection tests, use was made of the bovine tuberculosis
culture 271. 8 The surface growths from 34-day-old transplants were
ground for 25 minutes in a mortar and suspended in physiological
8 The history of bovine tuberculosis culture 271 is as follows: On September
1, 1926, guinea pig' 132 was injected intramuscularly with liquid obtained by
grinding together tuberculous lesions from 17 cows killed at an abattoir in
Berkeley. Guinea pig 132 died of generalized tuberculosis on September 19, 1926,
and a portion of its spleen was inoculated into guinea pig 210, which died of
generalized tuberculosis on November 5, 1926. The spleen of No. 210 was
inoculated into guinea pig 271, which died of generalized tuberculosis on December 22, 1926. Cultures of tubercle bacilli were obtained from the tissues. These
proved to be highly virulent for guinea pigs, rabbits, cattle, and swine.
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saline solution so that each cubic centimeter contained 0.4 mg of
bacilli. From direct microscopic counts it was estimated that each
milligram contained about 70 million bacilli.
The 6 animals (Nos. 3, 4, 103, 104, A and B) listed in tables 3 and
4 that were subjected to infection on January 28, 1929, constitute an
experiment planned after reading the statements of Lowenstein":"
and of Petroff, Branch, and Jennings. (60) The former had stated that
the proper control for BCG vaccination experiments would be massive
injections of killed tubercle bacilli. The latter investigators had
claimed that BCG probably had little if any more immunizing power
than killed tubercle bacilli. In the same articles, these authors
advocated the inauguration of experiments on cattle to confirm or
refute Calmette's claims.
The infection trials on calves 1 and 2 at the California station in
August, 1927 (table 3) had already supported Calmette's finding that
BCG vaccination would protect calves against the rapidly fatal effects
of the intravenous introduction of virulent tubercle bacilli, but, on
account of Petroff 'av"? statements, it seemed desirable to test the
effects of intravenous va.ccination with BCG and, at the same time,
compare it with the effects of a massive intravenous injection of killed
tubercle bacilli.
The heat-killed bacilli were prepared from the virulent tuberculosis culture 271 by removing the surface growth from several tubes of
Duval's serum egg. The excess moisture was removed by blotting the
mass of bacilli between sterile filter paper before it was weighed.
Four grams of the damp bacilli were then suspended in 25 cc of
Calmette's diluent, placed in a sealed tube and submerged in a water
bath at 60° C for 30 minutes. More diluent was then added so that
each cubic centimeter contained 5.2 mg of bacilli. This suspension
was immediately injected by way of the jugular vein, each calf
receiving 192 cc of liquid containing, in all, about 1 gram of killed
bacilli. No deleterious effects were observed to follow the injections
of killed bacilli. Guinea pigs inoculated intramuscularly with 50-mg
doses were found normal on autopsy after 5 months, while guinea pigs
injected with one millionth of a milligram before heating developed
generalized tuberculosis in a few weeks. In order to eliminate the
possibility of confusing lesions produced by the BeG or killed bacilli
with those produced by the subsequent intravenous injection of
virulent bacilli, 2 calves, Nos. 94 and 96, were retained as noninfected
controls (see footnote, table 4).
Extensive trials by the British Royal Commission on Tuberculosis,
as reported by Cobbett, (26) indicate that, in calves, infection by the
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subcutaneous route affords a very uniform and satisfactory method of
testing the virulence of various strains of bovine tubercle ba.cilli and
is also a delicate test of the variations in resistance to tuberculosis in
individual animals. At the California station such a test of the
variation in resistance between 2 vaccinated and 2 control calves has
been carried out, with results as shown for calves 5, 6, 105, and 106 in
table 3.
TABLE 3
RESULTS FROM INTRAVENOUS OR SUBCUTANEOUS INFECTION OF VACOINATED

AND CONTROL CALVES

Method
of in[eoting
viru- No.
lent tubercle
bacilli

BCG vaccination Intervals in days
~

Born
Point of
injection

bD

S

~

-<

--- --

0

-t8
......
~

~~

-

~~

0 ......

~£

--

~

>.
rn

o~

Remarks
For detailed autopsies see pp. 325-332

~.s

o='

~QS
~o

~~

1

1927
Mar. 22 Dewlap............ 100

8

140

138

Remained apparently normal until
butchered. Apparently normal lymphatics caused tuberculosis in guinea
pigs.

2

Apr. 18

4

117

309

Good general condition when butchered. Scattered, moderately extensive
tuberculous lesions on autopsy.

2
mg
101
into
102
jugular
vein
3

Dewlap............ 100

8

Control.,......... ......... ........ ............

22

Died of miliary tuberculosis.

Apr. 15
1928
Aug. 8

ControL.......... .......... ........ ............

20

Died of miliary tuberculosis.

Jugular vein.

50

51

122

50

Died of tuberculous pneumonia.

4

Aug. 23

Jugular vein..

50

36

122

110

103

Aug. 28

Control.......... .......... ........ ............

32

Died of miliary tuberculosis.

104

Sept. 3

Control........... .......... ........ ............

27

Died of miliary tuberculosis.

I

Mar.

--- --

50
mg
under
skin of
neck

~~

£~ ~:3
..c:l ...... .s£

Good general condition when butchered. Lungs, thoracic nodes, and
spleen studded with small tubercles.

--

-

5

1927
Sept. 11

Dewlap............ 100

6

176

120

Remained in fair general condition until
butchered.
Moderate tuberculous
lesions.

6

Dec. 19

Dewlap............ 100

3

80

70

Remained in fair general condition until
butchered.
Moderate tuberculous
lesions.

105

Dec.

9

ControL.......... .......... ........ ............

68

Killed in extremis.
Massive tuberculous lesions.

106

Dec. 23

ControL.......... .......... ........ ............

71

Killed in extremis.
Massive tuberculous lesions.
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The results from the intrajugular injection of 2 mg of virulent
tuberculosis culture 271 into the 2 calves that had been vaccinated by
the intravenous injection of 1 gram of heat-killed tubercle bacilli are
given in table 4.
TABLE 4
RESULTS FROM THE INTR,AvENous INFECTJION OF CALVES VAC'CINAT'ED WITH
HEAT-KILLED TuBER.CLE BACILLI

Intervals in days
No.

Born

-A
B

Aug. 30, 1928............
Aug. 31, 1928............

Remarks
Birth to
vaccination

Vaccination
to infection

Infection
to autopsy

29
28

122
122

29
30

Died of miliary tuberculosis.
Died of miliary tuberculosis.

Nora.e-Calves A and B were infected at the same time and in the same way as calves 3,4, 103, and 104
(table 3). In addition to these controls, calf 94 vaccinated with 50 mg BCG intravenously and calf 96
vaccinated with 1 gram of heat-killed tubercle bacilli intravenously were protected from infection for
5 months and then slaughtered. No indications of tuberculosis were found in them on autopsy 150 days
after vaccination.

The results on calves A and B, which had been vaccinated with
heat-killed tubercle bacilli, support the findings of many investigators
that the inoculation of dead bacilli in experimental animals yields
little or no immunity to tuberculosis. Webb!"? recently reviewed this
controversy and pointed out that a large majority of those who have
investigated the subj ect are of the opinion that use of the living bacilli
is necessary to develop an appreciable resistance to tuberculosis.
Case Histories of Calces Infected In,travenously.-Following are
the case histories of the 4 calves vaccinated with BeG which were
infected intravenously, as shown in table 3 :
No.1. Steer calf, ear tag 22 (see table 3) born on March 22, 1927, was
vaccinated in the dewlap on March 30, 1927, with 100 mg BCG serial 27. This
serial was made from a 20-day growth of the ninth transplant on potato of the
culture received from Calmette on July 10, 1926. A round, hard thickening of
the subcutaneous tissue of the dewlap developed, which measured 35 mm in
diameter on May 23, 1927. It became impalpable a few weeks later. On August
17, 1927, 140 days after vaccination, this calf was injected in the right jugular
vein with 2 mg of virulent bovine tubercle bacilli from Culture No. 271, suspended
in 5 cc of physiological salt solution. The animal remained apparently normal and
was in pasture with the tuberculous herd from August 17 to December 31. It
was butchered on January 2, 1928, 138 days after intravenous infection.
Autopsy: The general condition was good. No macroscopic lesions of tuberculosis could be found, the lymph nodes, lungs, and other viscera being apparently
normal. Stained smears from the lungs and various lymph nodes failed to show
any acid-fast bacilli. Guinea pigs injected with submaxillary, atlantal, retropharyngeal, and mesenteric lymph nodes and spleen pulp failed to develop tuberculosis, while guinea pig's inoculated with a mixture of gastrohepatic, bronchial
and mediastinal, and precrural and prescapular lymph nodes developed generalized tuberculosis.
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Comment: The absence of macroscopic lesions but the presence in
some of the apparently normal lymph nodes of virulent tubercle
bacilli is in accordance with the publications of Calmette.
No.2. Steer calf, ear tag 33 (see table 3), born on April 18, 1927, was
vaccinated in the dewlap on April 22, 1927, with 100 mg BeG serial 35. This
serial was made from a 23-day growth of the tenth transplant on potato of the
culture received from Calmette on July 10, 1926.
A round, hard swelling developed at the point of injection in the dewlap,
which was 40 mm in diameter on March 21, 1928.
On August 17, 1927, 117 days after vaccination, this calf was injected in the
right jugular vein with 2 mg of virulent bovine tubercle bacilli from culture No.
271 in the same manner as calf No.1. The animal remained apparently normal
and was pastured with the tuberculous herd of calves until March 2, 1928, when
it was placed in an isolated pen. At this time, two hard, round subcutaneous
nodules, each about 20 mm in diameter, were observed on the side of the neck near
the point of intravenous injection. On April 21, these had each increased to a
diameter of about 40 mm. The anterior of these 'was in the center of the jugular
groove at the point of intravenous injection, and the posterior nodule was 60 Dim
anterior and 40 mm above the upper end of the left prescapular lymph node. On
April 9, 1928, the posterior nodule was removed surgically and was found to be
a thin, tough-walled abscess, containing soft, buff-colored glutinous pus which, on
microscopic examination, was seen to consist of amorphous cell detritus. The
macroscopic appearance of the abscess was more typical of pyogenic than of
tuberculous infection. However, numerous acid-fast bacilli were found in smears.
Inoculation of the pus, on April 9, 1928, resulted in generalized tuberculosis in
3 guinea pigs and a rabbit.
The surgical wound in the neck of the calf healed completely by' granulation,
and only a slight scar was visible after 6 weeks. The anterior nodule on the neck
was left undisturbed, hut it did. not appear to grow any after April 9.
The calf remained in good general condition and 'was butchered on June 21,
1928, 309 days after its intravenous infection.
Autopsy: The general condition was good. A thickening was palpable through
the skin, 50 mm above the superior end of the left preseapular Iymph node. On
sectioh, a dirty gray homogenous connective tissue formation, somewhat resembling lymph-node tissue, was observed involving the inner layers of the skin, the
subcutaneous tissue, and the muscle, The neoplasm measured 40 x 30 x 20 mrn.
Portions of this lesion were injected into guinea· pig No. 616, which was gassed
on August 20, 1928, and was found to be negative for tuberculosis.
In the left jugular furrow, near the point of intravenous inoculation, was a
round, smooth, subcutaneous abscess, 40 mm in diameter, consisting of a firm
connective tissue wall, 5 mm thick. The pus content was viscid, yellowish-green,
and odorless. Acid-fast bacilli. were demonstrated in smears from this pus.
In the subcutaneous tissue between the left ischial tuberosity and the anus
was a round, smooth, ha.rd abscess, 50 mm in diameter, similar in structure to
the abscess in the jugular furrow. Portions of this lesion were injected into
guinea pig No. 619, which was gassed on July 23, 1928, and showed generalized
tuberculosis.
An area of chronic bronchopneumonia, 50 mm in diameter, was present in the
posterior tip of each diaphragmatic lobe of the lung. Large numbers of lung
worms (D'ictyocaulus viviparus) were seen in the adjacent bronchial tubes.
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A portion of the apparently normal spleen was injected into guinea pig
No. 615, which was gassed on August 20, 1928, and found to be negative for
tuberculosis.
The left bronchial lymph node contained a caseous area, 5 mm in diameter.
The cut surface of the right bronchial lymph node showed a red area, 6 mm in
diameter. The 2 bronchial lesions and portions of the apparently normal
mediastinal lymph nodes were injected into guinea pig No. 620, which was gassed
on July 23, 1928, and showed generalized tuberculosis.
In the center of the mesenteric chain of lymph nodes were 2 caseous areas,
about 5 mm in diameter, each surrounded by a thin connective tissue wall. Acidfast bacilli were abundant in smears. Portions of these mesenteric lesions were
injected into guinea pig No. 618, which was gassed on August 16, 1928, and showed
generalized tuberculosis. Adjacent to the gastrohepatic lymph nodes was an
abscess, 30 x 20 x20 mm, containing inspissated pus. This pus was injected into
guinea pig No. 617, which was gassed on August 16, 1928, and showed generalized
tuberculosis.

The well-marked tuberculous lesions observed in vaccinated calf
;No.2 are similar to the cases described by 'I'zeknovitzervv "" in the
Third Report of the Ukrainian Commission and indicate that some
modification of Calmette 's general conclusions is justified. It is
noteworthy that tuberculous abscesses appeared in this calf about 7
months after intravenous infection and, on autopsy 10 months after
infection, well-marked tuberculous lesions were visible in various parts
of the body. The location and appearance of these, together with their
high virulence for guinea pigs and a rabbit, justified the conclusion
that the virulent bacilli injected intravenously on August 17, 1927,
had remained alive in the tissues and after a time had resulted in the
production of well-marked lesions. Those on the neck probably
resulted from a few bacilli lodged in the subcutaneous and intramuscular tissue when the needle was being withdrawn from the jugular
vein after the intravenous injection on August 17, 1927, but these
lesions did not become palpable until March, 1928. Visible evidence
was obtained that they were gradually increasing in size between
March 2 and April 7: After the surgical removal of one of these, no
increase in size was noted in the remaining nodule.
Calf No.2 was associated at pasture with other tuberculous cattle
from A.ugust 17, 1927, to March 2, 1928, and it is not certain that all
of its tuberculous lesions were the result of intravenous infection.
The caseation in the mesenteric and bronchial lymph nodes may have
resulted either from tubercle bacilli ingested with the food or from the
intravenous injection. The tuberculous abscesses in the ischial and
gastrohepatic regions were unusual in location and appearance and
are believed to have resulted from the intravenous injection of
virulen t bacilli.
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No.3. Steer calf, ear tag 92 (see table 3), born August 8, 1928, at Millbrae
and brought to Berkeley September 20, was negative to intradermic tuberculin
test given September 21, and was injected in the left jugular vein with 50mg of
BOG suspended in 2.5 ce of diluent on Beptember 28. 'I'he animal remained
apparently normal except for irregularities in temperature, which during the 2
weeks following the injection ranged from 102° to 105°· F. Similar fluctuations
in temperature also occurred in nonvaeeinated control calves kept with this animal.
The calf grew normally and on January 28, 1928, was subjected to infection by
injection in the left jugular of 2 mg of virulent bovine tubercle bacilli from
culture 271. 'I'he animal remained normal in general appearance until February
19, after which time it developed a chronic cough, showed some anorexia and
marked hyperthermia. It gradually became weaker and died on March 19, 1929.
Autopsy: The carcass was greatly emaciated. Muscular tissues shrunken.
Intermuscular tissue was edematous. The lungs were studded with gray-white
nodules, varying from 3 to 12 mm in size. The lungs felt like a bag full of peas,
In many places the diaphragmatic lobes were so thickly studded that the nodules
were confluent, and when small chunks of these lobes were dropped into water,
they immediately sank. The tips of the apical and cardiac lobes were not so
thickly studded, there being spaces of normal tissue visible, SODle of the larger
nodules had caseous centers. The pulmonary lymph nodes were enlarged about
five times and showed necrotic foci involving most of their tissue. There was
considerable hyperplasia of the costal pleura. Other than this, the tissues were
apparently normal, except for post-mortem changes. Acid-fast bacilli were abundant in the thoracic lesions, but none could be found in the apparently normal
abdominal organs.

The chief difference between the lesions in No. 3 and in other
animals of this group which had died previously was as follows:
The nonvaccina.ted controls and the 2 calves treated with heatkilled bacilli died of acute miliary tuberculosis, particularly of the
lungs, but also involving organs in the abdominal cavity. Calf No.3
appeared t,o have died of tuberculous pneumonia, the lesions beingconfined to the thorax. The tubercles, while very numerous in the
lungs, were not as numerous as in the nonvaccinated calves. However,
in calf No. 3 the tubercles were 3 to 12 mm in size, while in the
control calves and in calves A and B they were all miliary in type,
2 to 3 mm.
No.4. Steer calf, ear tag 94 (see table 3), born .August 23, 1928, at Millbrae
and brought to Berkeley September 20, was negative to intradermic tuberculin
: test given September 21 and was injected in the left jugular vein with 50 mg of
BOG suspended in 2.5 ec of diluent on September 28. The animal remained
apparently normal except for slight irregularities in temperature. On January
28, 1929, this calf received intravenously 2 mg of virulent tubercle bacilli from
culture 271 in the same manner as calf No.1.
During the 3rd and 4th weeks following, the animal had a persistent cough,
rapid respiration, and occasionally slight discharge of blood from the nostrils.
Its temperature showed relatively slight variations and it remained otherwise in
apparently normal condition until slaughtered on May 1 R, 1929.
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Autopsy: The carcass was well nourished.. The lungs were sprinkled with
yellow nodules 2 to 4 mm in diameter. The thoracic lymph nodes were enlarged
three to five times and thickly studded with hard necrotic nodules. The spleen
was studded throughout with white nodules 1 to 2 rom in diameter. The
average distance between the nodules was about 30 mm, Acid-fast bacilli were
demonstrated in the lesions indicated above.

Case Histories of Caioes Lnfecied Subc1.~taneo'Ursly.-Followingare
the case histories of the 4 calves which were infected subcutaneously
as shown in table 3 :
.
No.5. Steer calf, ear tag 69 (see table 3), born on September 11, 1927, was
vaccinated in the dewlap on September 17, 1927, with 100 mg BOG, serial No. 62.
It was reared in an environment believed to be free from bovine tubercle bacilli
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Fig. 1. Temperatures of calves Nos. 5 (vaccinated) and 105 (control), injected subcutaneously with 50 mg of virulent tubercle bacilli, March 12, 1928. The
dotted line indicates the temperature of the nonvaecinated control.
until March 12, 1928. One hundred and seventy-seven days after vaccination, the
animal was injected under the skin of the neck on the left side with 50 mg of
virulent bovine tubercle bacilli from culture No. 211. (See page 322 for description
of this culture.)
The animal remained apparently normal (fig. 1) except for the swelling at the
point of injection which gradually developed and which on May 6, 1928, measured
90 x 50 x 35 mm, After this no increase in size was, apparent (see fig. 4, p. 386).
The calf was killed on July 10, 1928, 120 days after infection, in order to compare the autopsy findings with control animal 105.
Autopsy: 'I'he general condition was good. At the point of inoculation of
the virulent bacilli was a nodule 70 x 35 x 20 mm, occupying subcutaneous tissue
only and containing creamy tenacious pus. Adjacent and located 10 em apart
between the superficial neck muscles, were two abscesses well encapsulated,
20 x 10 mm, containing greenish-yellow granular pus. Nearby was an abseesa
similar in character measuring 10 x 10 mm.
A 120-mm linear abscess within the neck muscle tissue extended from the
point of injection to another subcutaneous nodule, which was irregular in shape,
and about 50 x 50 mm, The wall of this linear abscess was 30 rom thick.
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The left prescapular lymph node was slightly enlarged and studded throughout
with caseated (mostly soft) areas, varying in diameter from 3 to 10 mm, In the
left bronchial lymph node was a necrotic point 0.5 mm in size. In the anterior
mediastinal lymph node were two 2-mm nodules. A microscopic examination
showed numerous acid-fast organisms in the abscesses in the neck. An occasional
acid-fast organism was seen in smears from the left prescapular lymph node.
Guinea pigs were inj ected as follows:

Source of material
Head and mesenteric nodes
Lung and thoracic nodes
Muscle at point of injection

c~1/415 V6 17 W (9
"//

~ 2/

Guinea
pig No.

Date
killed

667
668
669

Sept. 8
Aug. 13
Aug. 13

.
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? '] ~12.J I/'6 7l/0' ~~CI

Results

1928

Negative
Moderate tuberculosis
Generalized tuberculosis

34 56 78
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Fig. 2. Temperatures of calves Nos. 6 (vaccinated) and 106 (control), injected subcutaneously with 50 mg virulent tubercle bacilli, March 12, 1928.
The dotted line indicates the temperature of the nonvaccinated control.
No.6. Steer calf, ear tag 75 (see table 3), born on December 19, 1927, was
vaccinated in the dewlap on December 22, 1927, with 100 mg BOG. It was reared
in an environment believed to be free from virulent tubercle bacilli until March
12, 1928, 81 days after vaccination, when it was injected subcutaneously in the left
side of the neck with 50 mg of virulent tubercle bacilli from culture No. 271. The
animal remained apparently normal except for a subcutaneous swelling at the
point of injection, which measured 90 x 50 x 35 mm on May 6, 1928. (See fig. 5.)
The temperature remained fairly normal (fig. 2). Slaughtered on May 21, 1928,
70 days after infection, for the purpose of comparing with steers 105 and 106.
Autopsy: The general condition was good. In the subcutaneous tissue of the
neck, at the point where virulent tubercle bacilli had been injected, was a. flat, thinwalled abscess, 100 x 50 x 35 mm, containing soft, creamy pus. Smears showed an
occasional acid-fast bacillus. The adjacent prescapular lymph node was slightly
enlarged (size 100 x 35 x 35 m.m) and its cut surface was studded with calcareocaseous nodules, 1 to 5 mm in diameter. Several nodules each about 2 mm in
diameter were found in the parenchyma of' the spleen, and guinea pig No. 607 was
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inoculated with some of these nodules. It was gassed on July 12, 1928, and
found to have generalized tuberculosis.
The lymph nodes, other than the left prescapular, were apparently normal
throughout the viscera and body. Bronchial and mediastinal lymph nodes were
injected into guinea pig No. 606. It was gassed on July 12, 1928, and showed
generalized tuberculosis. Portions of the apparently normal mesenteric lymph
nodes were injected into guinea pig No. 604, and the lung tissue into No. 605.
They were gassed on July 17, 1928, and both found free from tuberculosis.
No. 105. Steer calf, ear tag 191 (see table 3), born on December 9, 1927,
was reared on an environment believed to have been free from virulent bovine
tubercle bacilli. It was negative to. an intradermic test with 0.2 ce B. A. I.
tuberculin on March 1, 1928. It was used as a nonvaccinated control for steers
5 and 6, by the subcutaneous injection, on March 12, 1928, of 50 mg of virulent
bovine tubercle bacilli from culture No. 271. The animal developed a swelling at
the point of injection, which rapidly increased in size until May 6, 1928, at
which time it measured 160 x 120 x 70 mm, and the adjacent preseapular lymph
node was 230 x 130 x 120 mm (see fig. 6). After this date these swelling increased
slowly. On April 20, the animal's temperature rose to 104 F and fluctuated
between 104 0 and 106 0 F for a week, after which it gradually returned to normal
by May 6 (fig. 1).
The animal was depressed in appetite and activity during the period of high
temperature. About May 1, the abscess in the side of the neck ruptured through
the skin and continued to discharge until date of slaughter. The animal appeared
to be in such an advanced stage of tuberculosi.s that it was decided to slaughter
it on May 19, 1928, 68 days after infection.
Autopsy: The general condition was fair, except for the massive lesions on the
left side of the neck. The abscess at the point of injection consisted of a mass of
caseocaleareous tuberculous tissue, 200 x 190 x 80 mm, in the center of which was
a spot of soft, putrid, caseous liquefaction, 50 x 40 x 40 mm. An edematous
mass of loose connective tissue surrounded the left prescapular lymph node.
Including the node, it measured 230 x 130 x 120 mm. The lymph node itself was
enlarged and changed into a tuberculous mass, 190 x 110 x 110 mm, in the center
of which was a spot of soft, caseous liquefaction, 40 mm in diameter.
The lungs, liver, and spleen were studded throughout with grey nodules,
ranging from 2 to 10 mm in diameter. The distance between the tubercles in' the
lung ranged from 5 to 20 mm, Eighty-one such nodules were observed on the
diaphragmatic surface of the liver, which illustrates, about the density of those
throughout the liver and spleen.
The thoracic, axillary, pectoral, and left radiohumeral lymph nodes were
enlarged several times apd their cut surfaces were thickly studded with easeocalcareous nodules. Each of the cervical and gastrohepatic lymph nodes contained
several caseous nodules, and a caseous nodule was found in one of the lymph
nodes of the mesenteric chain.
A number of pendulous-nodules, ranging from 5 to 10 mm in diameter, were
observed on the omentum and serous surfaces of the mesentery and intestines.
Some of these nodules had caseous centers. Acid-fast bacilli were demonstrated
in smears from various lesions, including the lungs, kidney, and the one mesenteric
node mentioned.
No. 106 Steer calf, ear tag 193 (see table 3), born on December 23, 1927, was
reared in an environment believed to have been free from virulent bovine tubercle
0
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bacilli. It was negative to an intradermic test with 0.2 ce B....A.... 1. tuberculin on
March 1, 1928. It was used as a nonvaccinated control for steers 5 and 6 on
March 12, 1928, by the subcutaneous injection of 50 mg of virulent bovine
tubercle bacilli from culture No. 271.
The animal developed a swelling at the point of injection in the left side of
the neck, which rapidly increased in size until May 6, 1928, at which time it
measured 180 x 120 x 80 mm, and the adjacent prescapular lymph node was
200 x 100 x 100 mm (see fig. 7). After that date, these swellings increased
slowly. On April 20 the animal's temperature rose to 104.0° F and fluctuated
between 104.0° and 107.6° F for 10 days, after which it gradually returned to
normal, which it reached by May 6 (fig. 2). It was depressed in appetite and
activity during the period of high temperature. The animal developed such an
advanced stage of tuberculosis that it was killed on May 22, 1928.
Autopsy: The general condition was fair. In the subcutaneous tissue of the
neck, at the point where virulent tubercle bacilli had been injected, was a solid
easeocalcareous mass, 185 x 150 x 90 mm. The adjacent prescapular lymph node
apparently measured 210 x 110 x 100 mm, but when cut across, it was noted to
be 100 x 70 x 70 mm, and the balance of the swelling was edematous connective
tissue. The cut surface of the lymph node was easeocalcareous and firm.
The liver, lungs, and spleen were studded throughout with white and pinkishwhite nodules, ranging from 1 to 5 mm in diameter. Two hundred and fifty such
nodules were visible on the diaphragmatic surface of the liver. Acid-fast bacilli
were abundant in the neck lesion and liver lesions. Five pendulous nodules, each
5 mm in diameter, were observed on the surface of the right costal pleura.
The omentum and mesentery were studded with pendulous pinkish-white
nodules, about 5 mm in diameter. It was estimated that there was one for each
square decimeter of surface. The bronchial, mediastinal, and gastrohepatic groups
of lymph nodes were enlarged five to ten times and their cut surfaces were
thickly studded with caseous nodules, 1 to 3 mm in diameter. The following
groups of lymph nodes were slightly enlarged and each node contained one to
seven caseous nodules, from 1 to 3 mm in diameter: the submaxillary, atlantal,
retropharyngeal, left axillary, left scapulohumeral, and both precrurals. Smears
from the retropharyngeal lymph nodes showed acid-fast bacilli. About one-third
of the nodes of the mesenteric chain showed on their cut surfaces 2 to 5 caseous
nodules ranging from 1 to 5 mm in diameter.
Some of the spleen nodules were injected into guinea pig No. 608, which was
gassed on July 12, 1928 and showed generalized tuberculosis.

In the 4 calves (Nos. 5, 6, 105 and 106) that were infected subcutaneously it was noted that the most rapid. development of the
local lesions occurred during the first 3 weeks following the subcutaneous infection and that during this time hyperthermia and
anorexia occurred in the controls. The controls showed a distinctly
greater susceptibility as evidenced by the temperatures shown in figures 1 and 2, the general symptoms of the animals, and particularly
the tuberculous lesions found on autopsy. It is believed that the 2
controls would have died of tuberculosis in a few days if they had not
been slaughtered for humane reasons. On the other hand, the lesions
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in the 2 vaccinated calves were so limited in extent that it appears
probable that they would have lived indefinitely.
Discussion of the Results of Lniraoenoue and Subcuianeous Infection as Shown in Tables 3 and 4.-The relatively high virulence of
test culture No. 271 for cattle was demonstrated by the death from
miliary tuberculosis of the 4 nonvaccinated control calves and the 2
calves treated with killed tubercle bacilli in 20 to 32 days, after
intravenous infection with a 2-mg dose. The appearance of the tissues
of these calves were all about the same. The lungs of each were filled
with grey nodules 1 to 4 mm in size and there was a sprinkling of
similar nodules throughout the liver and kidneys. Acid-fast bacilli
were demonstrated in smears and in sections and the macroscopic and
microscopic findings were typical of acute miliary tuberculosis, There
was no distinguishable difference between the lesions of the nonvaccinated controls and those which had received the heat-killed tubercle
bacilli.
On account of need for brevity a detailed description and history
of the control calves infected intravenously has been omitted from
this paper.
The fact that the 2 calves (Nos. 1 and 2) which had been vaccinated in the dewlap lived on for several months after intravenous
infection without showing any outward evidence of tuberculosis, while
the 2 controls (Nos. 101 and 102) died of miliary tuberculosis in 20
and 22 days respectively is in accordance with the results of experiments by Calmette and Guerin. (20) Also, the fact that calves (Nos.
3 and 4) that had been vaccinated intravenously with BCG both
showed clinical symptoms within a month after infection supports the
claims of Calmette that subcutaneous vaccination with BeG is more
effective than intravenous vaccination in creating resistance to
tuberculosis.
The lesions found at autopsies of Nos. 3 and 4 indicated that these
calves were more resistant than the controls, and the fact that they
lived longer than the controls would also show that some resistance
had been produced by the BCG vaccine.
The injurious effect of the virulent bacilli on the controls Nos. 105
and 106 contrasted with the distinctly less marked pathologic effect
on 2 vaccinated calves Nos. 5 and 6, indicates that the BCG had
conferred resistance to subcutaneous infection. This experiment
acquires added significance when compared with the results obtained
in the calves infected in other ways, as described later in this paper.
Cobbett-"? summarized the data of the British Royal Commission
and the German Gesundheitsamt and called attention to the marked
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differences in the. power to resist tuberculous infection which occur in
individual calves, showing that such differences play a more important part when virulent bacilli in doses of moderate size (10 mg) are
injected subcutaneously than when larger doses (50 mg) are given in
the same manner. According to Cobbett the workers in the German
Gesundheitsamt noted variations in susceptibility to tuberculosis
among calves, and they recommend that when but a single calf is
used in typing a strain and unexpected results are obtained, the
experiment should be repeated on another calf.

THE EFFECTS OF FEEDING TUBERCULOUS TISS1JES AND
MILK TO VACCINATED AND CONTROL CAI~VES
After weighing carefully the arguments for and against natural
and artificial infection in an effort to determine the protective efficiency
of the BCG culture, it was decided that much more can be learned
from artificial feeding infection with tuberculous tissues than by the
somewhat haphazard exposure to infected cattle or environs, and since
the vaccination trials in the Williamson herd involved natural infection, efforts' at Berkeley and Davis were concentrated on artificial
infection with tuberculous material.
Fifty vaccinated calves and an equal number of unvaccinated
controls have been subjected to infection by feeding' tuberculous
material. . The tissues were ground in a meat-grinding machine,
thoroughly mixed with milk, and except that fed to animals in table
6, was strained through several layers of cheese cloth. Each dose was
fed separately to each calf in the manner described in the footnotes
to the tables. Animals listed in table 6 were given the ground,
unstrained tuberculous tissue in milk.
The tissues were obtained from cattle condemned at an abattoir
or from guinea pigs and rabbits inoculated with bovine tuberculous
materials. In addition, 4 vaccinated calves and 4 controls were fed
on milk from the tuberculous udders of cows No. 600 or No. 2171
(see figs. 9 and 10).
The sources of the tuberculous tissue, the respective amounts fed
each of the 100 calves, and the results of the microscopic and biologic
control tests on each feeding are given in table 5.
Before giving the first infecting feeding, the vaccinated calves and
the nonvaccinated controls, which had been reared together at the
dairy in Berkeley in an environment protected as much as possible
from virulent tubercle bacilli, were transferred to an isolated barn
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TABLE 5
SOURCES AND AMOUN'IS OF TUBERCULOSIS TISSUES, AND BACILL,I USED 'IJ()I INF'EC'l'
CALVES BY FEEDING

Label
numbers of
Date
calves collected
fed

Dose fed each calf
Description of material

Date
fed

--- --1926
1926
Sept. 1 Portions of tuberculous lymph nodes,
lungs, and livers of 17 cattle, condemned at an abattoir............................ Sept. 2

Guinea-pig
control

Mg
Retissue in- sult
[ectedf
---- - - - - - - - - - - Grams
of
tissue"

Estimated
acid-fast
bacilli]

80

§

§

+

6

§

§

+

4

§

§

+

Oct. 23 Active tubercles from the pleura,
spleen, and omentum of a cow ............ Oct. 25
----

37

§

7-10,
107-110, Nov. 26 Caseous pus from tuberculous cattle Nov. 27
C,D,E,
tissues condemned at an abattoir..... Nov. 29
and F

80
80

7-10, Sept. 2 Tissues from a guinea pig injected
and
with bovine lesions............................ :..... Sept. 6
107-110
Sept. 26 Tissues from guinea pigs injected witt
bovine lesions........................................... Sept. 27

---

--- ---

+

§

§

250.0
25.0

+
+

- - - - - - - - - - - - - - - --

1927
1927
Aug. 12 Tuberculous tissue from the lungs,
costal pleura and lymph nodes of 2 Aug. 13
aged cows and one 7-month calf.. ..... Aug. 15
Aug. 16 Tuberculous tissue from the lungs, Aug. 17
costal pleura, and lymph nodes of an Aug. 19
11-44
aged cow..................................................... Aug. 22
111-144
Aug. 23
Aug. 26 Tuberculous tissue from 2 rabbits and
2 guinea pigs ............................................. Aug. 27

---

,jOO.O

10
10
2
2
2
2

500,000
500,000

50.0
50.0

+
+

690,000 .................... ........
690,000 0.5
690,000
1. 25
690,000
1.0

2

1,320,000

1.0

Sept. 1 Tissues from lungs and lymph nodes
of a range steer.......................................... Sept. 2

2

850,000

1.0

Sept. 7 Lung of calf No. 101, whieh died of Sept. 8
miliary tuberculosis (see table 3)........ Sept. 9

0.5
0.5

1,890,000
1,890,000

0.5
0.5

--Sept.1O Lymph node tissue, calf No. 101.......... Sept. 11
Sept. 12

2
2

960,000
960,000

2.0
2.0

30-44 Sept. 13 Lung of calf No. 102, died of miliary Sept. 14
and
tuberculosis, (see table 3)...................... Sept. 16
130-144
Sept. 13 Lung and lymph nodes, calf No. 102.... Sept. 18
Sept. 19

5
5

1,950,000
1,950,000

5.0
5.0

0.3
0.3

2,000,000
2,000,000

0.3
0.3

+
+
+
+

+
+
+
-+
+
+
+
+
+
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TABL,E;

Label
numbers of
Date
calves collected
fed

5-(Continued)

Dose fed each calf
Description of material

Date
fed

Grams
of
tissue"

Estimated
acid-fast
bacilli]

Guinea-pig
control
Mg
Retissue in- sult
[ectedf

-

--Sept. 23 Tuberculous viscera from guinea pigs
that had been inoculated with the Sept. 24
feeding, August 13, this table.............. Sept. 28

1.0
0.5

+
+

0.2
1.0
1.0
0.1
0.2
0.1
5.5
5.5
0.5
0.005

+
+
+
+
+
+
+
+
+
+

1.0
0.5

2,040,000
1,020,000

Sept. 29
Sept. 30
Oct. 1
30-44
Sept. 28 Caseous material from tuberculous Oct. 2
and
lesions in the lungs and lymph nodes Oct. 3
130-144
(Cont.)
of an aged cow.......................................... Oct. 4
Oct. 5
Oct. 6
Oct. 7
Oct. 8

0.5
0.5
0.5
0.5
0.5
0.5
1.11
1.11
1.11
1.11

5,850,000
5,850,000
5,850,000
5,850,000
5,850,000
5,850,000
12,980,000
12,980,000
12,980,000
12,980,000

Oct. 10 Tuberculous viscera of 14 guinea pigs
inoculated from feedings, Sept. 2-8, Oct. 11
this table...................................................... Oct. 12

1.11
1.11

Oct. 13 Tuberculous viscera of 8 guinea pigs Oct. 14
inoculated with bovine lesions............ Oct. 15

1.8
1.8

Oct. 15 Tuberculous viscera of 16 guinea pigs
inoculated with feedings, Sept. 9-14, Oct. 16
this table...................................................... Oct. 17

4.8
4.8

67,500,000
67,500,000

0.24
0.24

+
+

73,100,000

0.000034
0.0034

-

6.8

11.0

3,500,000,000

0.000005

+

---

40-44
and
140-144 Oct. 18 Tuberculous viscera of 21 guinea pigs
inoculated with feedings, Sept. 14-19,
this table...................................................... Oct. 19

Oct. 19 Viscera of 3 guinea pigs and 1 rabbit
which had died of tuberculosis after
injection with bovine lesions.............. Oct. 20

12,980,000
12,980,000
------45,000,000
45,000,000

+
+
---- 1.8
+
0.9
+
0.1
2.0

--- ----- ---- -

---

1928
1928
49-54 July 6 Caseous and cellular tissue from tuberculous lesions in the lungs and
and
thoracic lymph nodes of 2 cows con149-154
demned at an abattoir............................ July 7

42.0

210,000,000

0.00001

-

--55-59 July
and
155-159

+

6 Caseous and cellular tissue from tuberculous lesions in the lungs and July 7
thoracic lymph nodes of 2 cows con- July 9
demned at an abattoir............................ July 11

14.0
14.0
14.0

70,000,000
70,000,000
70,000,000

1.0
1.0
0.00001

+
+
+
+
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5-(Concluded)

Label

Dose fed each calf

num-

Date
bers of collected
calves
fed

Description of material

Date
fed

--Aug.

60 and
160

337

Grams
of
tissue *

Estimated
acid-fast
bacilli]

Guinea-pig
control
Mg
tissue in- Re[ected] sult

-

8 Caseous and cellular material from tuberculous lesions in the costal pleura
or in the lungs and lymph nodes of a
steer, a cow, and 2 calves condemned Aug. 10
at an abattoir............................................ Aug. 12

60
60

1,572,000,000
1,572,000,000

0.00006
0.3

+
+

Aug. 13 Tuberculous lesions from 11 guinea
pigs inoculated with bovine lesions.... Aug. 14

30

107,000,000

0.00001

+

* This represents the weight of tuberculous tissue after grinding but before straining through several
thicknesses of cheese cloth. The actual amount of original tissue in each dose is less than one-third of
this weight.
t Made by suspending 10 or 20 grams of thoroughly ground and mixed tuberculous tissue in a measured quantity of physiological sodium-chloride solution; then estimating according to the technique for
the direct microscopic counting of bacteria in milk.s The estimate was only comparative. The number
of organisms consumed was far greater than indicated in this column, since the character of the tissue
and the method of estimating did not lend themselves to more definite determination of number of
organisms.
t The inoculum for the guinea pig was a portion of the ground and strained tuberculous materials
suspended in milk as fed to the calves and the weight is given in terms of ground but unstrained material.
§ In the feedings indicated by this mark (§), acid-fast bacilli were abundant, but no attempt was
made to estimate the number of bacilli or the milligrams of tissue injected into control guinea pigs.

and corrals at Berkeley or to a farm at Davis where no other cattle
had been kept for several years.
Calrnettev-'" has stated that large, frequently-repeated doses of
tubercle bacilli given by the mouth will produce pronounced lesions in
calves, but, if only one dose is given and the animal is then protected
from infection for a time, only slight lesions are produced which render
the animal resistant to further infection.
In order to avoid as far as possible this supposed immunizing
effect induced by feeding small doses of tubercle bacilli at long intervals,
the feeding experiments at the California station have been with large
doses at frequent intervals.
An attempt was also made to determine if the prolonged feeding of
large doses would produce more extensive lesions than a few feedings.
The significance of this attempt will be evident .by comparing the
graphic symbols for tuberculous lesions in the nonvaccinated control
animals listed in table 6. Controls 107-110 received 7 infecting feedings, the dates being September 2, 6, 27, and 29, October 25, and
November 27 and 29, while controls C and D received only the feedings on the last 2 dates. The results in these 2 calves alone are

TABLE 6

Born

Birth Vaccination
to
to first
vaccina- infecting
tion
feeding

§

I

Apr. 22, 1926

F

28

28

..

..

..

1

47

36

47

36

154

154

123

123

...o

~

:E
Q
)1

~

;:a

.~

l:l

"';

~

..;

~

~

~

; 'Cl:l

;;

~

Q

~

g ...
0

~

o'"CI...c::=·...
Q) ~ ~ 11.2

~

_

I

-....

Poor

Poor

Fair

Good

Good

Good

Poor

Good

, ........

X

x

\

1/

x

X, ........

x

/

~

/

/ I X

XIX

1/ ,........
/IXIX

XIX

X

.........

, ........

X ....

/

/

X

X

CALVE~S

No caseation. One mesenteric lymph node hemorrhagic and
guinea pigs inoculated from it became tuberculous. No
dewlap lesion.
No lesions except abscess in dewlap, 70 x 30 mm.
Caseous nodule, 4 x 4 mm in a mesenteric lymph node.
Guinea pigs inoculated developed tuberculosis. Con~ec
tive tissue thickening in dewlap, 20 x 5 mm.
Four 2-mm nodules in retropharyngeal. Many caseocalcareous mesenteric lymph nodes. Guinea pigs became tuberculous. No dewlap lesion.
Caseocalcareous retropharyngeal 110 mm. Submaxillary
40 mm. Acid-fast bacilli numerous.
Many caseocalcareous lesions in mesenteric and ileocecal
nodes. Acid-fast bacilli numerous.
Retropharyngeals enlarged 3 x and caseocalcareous. Ileocecal and colic nodes all caseocalcareous. Slight mesenteric
lesions.
Gastric node 50 mm and 2 mesenteries caseooalcareous,
2 mesenteries hemorrhagic. Guinea pigs became tuberculous.
Postpharyngeal had a 35-mm caseous mass. Acid-fast bacilli
'present
Cervical, mediastinal, and mesenteric caseocalcareous. One
4-mm nodule in lung.
Tuberculous pneumonia evidently from inhalation of infecting feed.
Entire mesenteric chain caseocalcareous. Cervical and cecal
caseocalcareous.

Remarks

50 MG BOO AND TO CoNTROL

~~. E

...."1d I<~ .......e re va.ccina.te.ed in the devvl ....p

vvith 100 rn~ of bacilH

f'rOlTl

a cuJt.nre of acirl

-

l,.ol-fast bacilli isolated by TraulTl frolTl a case of bovine lymphangitis

X Extensive.-All progressive or multiple miliary tubercles. anyone lesion over 50 rn.rn in diameter or two or more lesions over 25 mm. each.

.. The animals were given this dose with the aid of a long-necked bottle.
t The symbols for lesions are adopted from charts used by federal meat inspectors and the names of the various groups and individual lymph nodes or lymph
glands correspond in the main to those given by Buckley and Castor.s The adjectives bronchial, mesenteric, etc., referring to lymph nodes are, for brevity, used without the words "lymph nodes". Definitions for slight, well marked, and extensive have been formulated by the writers as a general guide as follows:
/ Slight-Ca"!eous or caseocalcareous isolated areas less than 15 mm. in diameter.
' \ Well marke,f.-A single caseous or caseocalcareous area, 15 to 50 mm in diameter. Cases having more than 1 lesion over 25 mm are recorded as extensive.

§

I

Aug. 22, 1926 I Control

D

July 31, 1926

I

Sept. 30, 1926 I Control

c

E

I .. ·..··...... ·

Apr. 19, 1926 I Control

110

I·

Mar. 13, 1926 I Control

·

109

I

Mar.

8, 1926 I Control

Feb. 24, 1926 I Control,

Good

3

May 18, 1926 I

154

Good
Good

123
154

108
127

4
1

Apr. 26, 19261
May 7, 1926 •

115

Good

123

129

108

107

10

I

~

Tuberculous lesionst

~ C) ~ O~
1----1----1--1-1--1-1-1-1--1

3

First
infecting
feeding to
autopsy

Number of I General infect- condi~
ing
tion on .~
feed- slaughter t
ingsj
C)

Apr. 23, 1926 I

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

No.

Intervals in days

RElSULTS FROM FEFJDING* TUBER.CULOUS· TISSUE TO CALVES VACCINATED IN THE DEWLAP WITH

~

w

~

~

I-l

?

Z

~

~
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~

~
~
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inconclusive but are significant when added to the data from the 34
control calves in tables 7B, 8B, and 9B.

Discussion of the Results of Preliminaru Infecting Feedings, as
Given in Table 6.-The data in this. table may be summarized by
stating that 7 feedings produced lesions as follows:
1. In 4 calves vaccinated with BCG, 1 extensive, 2 slight, and 1 nolesion case.
2. In 4 nonvaccinated calves, 4 extensive-lesion cases.
In addition, 3 of the 4 control calves (0, D, E, and F) that received
only the 2 last feedings on November 27 and 29 showed very extensive
lesions. The fourth showed well-marked lesions in the cervicals.
The difference between the lesions in the vaccinated and the control
calves listed in table 6 was not distinct enough in the writers ' opinion
to justify a definite conclusion regarding the existence of a protective
effect from the BCG vaccination. If present, it evidently was not
sufficient to prevent. the penetration of virulent bacilli into the cervical
or mesenteric lymph nodes and the production of caseous lesions in
2 out of 4 of the vaccinated calves. However, it was decided that
further trials by this method of feeding infection might yield more
definite information regarding any resistance to tuberculosis which
might result from the use of BCG given subcutaneously. Accordingly
feeding infection trials were carried out as indicated in tables 7-9.
Discussion of the Results of Ten Infecting Feedings, as Given in
Tables 7A and 7B.-From an inspection of table 7A, it will be seen
that all the calves which were infected within 25 days after the first
vaccination showed well-ma.rked or widely distributed lesions, or both,
while in all the other vaccinated calves the lesions were either absent
or limited to the cervical and mesenteric or colic regions. Therefore,
for purposes of brevity in discussion, the calves in table 7A will be
grouped as follows:
1. Calves 11-24 were aged 41 to 407 days at time of first feeding
infection, which was given 35 to 320 days after the first vaccination.
Of the 14 animals in this group, 5 were found to be apparently normal
throughout, 6 showed slight, and 3 showed well-marked caseation or
caseocalcification of certain lymph nodes draining the intestinal or
pharyngeal regions. All of the carcasses would have been considered
as suitable for food under federal meat-inspection regulation. Calf
No. 25 died of intercurrent disease too soon after infection to justify
consideration.
2. Calves 26-29 were aged 4 to 33 days at time of first feeding
infection, which was given from 2 days before to 24 days after vaccination. Three of these had well-marked and widely distributed
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in guinea pigs from apparently normal mesf"rat ~ri ...~

lo~is

thickening in dewlap, 40 x 40 x 20 mm. Tubercu-

No lesions of tuberculosis except 3 abscesses in dewlap, 40 to 100 mm.
None
No lesions of tuberculosis except connective tissue
and caseation in dewlap, 40 x 7 mm. Chronic
gastrohepati tis from wire.
None
See
No lesions of tuberculosis found. Guinea pigs died
remarks of intercurrent disease.
None
+ 6 caseous nodules, 2 to 5 mm in mesenteric, and 3 in
cecal nodes. No dewlap lesion.
None
+ 9 caseous nodules, 1 to 2 mm, scattered through the
mesenteric chain. Guinea pig positive from
apparently normal retropharyngeal. Dewlap induration, 60 x 40 x 95 mm.
Few
2 nodules, each 2 mm, in mesenteric nodes. Connective tissue mass in dewlap, 60 x 50 x 5 mm.
Few
23 caseous nodules, 2 to 8 mm, scattered in mesenteric chain and 1 caseous lesion in retropharyngeal,
5 x 5 x 40 mm.
Few
Retropharyngeal, 3-mm caseous nodule. 10 fresh
caseous nodules, 1 to 6 mm, scattered in mesenterics. No dewlap lesion.
Few
40 caseous or caseocalcareous nodules, 1 to 10 mm,
scattered through the mesenteric chain, and also
1 mass of caseocalcareous nodules, 40 x 20 x 20 mm.
Dewlap abscess, 110 mm.
Few
+ 5 postpharyngeal, caseous nodules, 4 to 10 mm.
11 caseous or caseocalcareous nodules, 5 to 20 mm
in mesenteric and cecal nodes. No dewlap lesion.
None
No lesions of tuberculosis except connective tissue

None
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(For controls, see table 7B)
Feeding dates: August 13, 15, 17, 19, 22, 23, 27, September 2, 8, and 9 (For feeding details see table 5)
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RESULTS OF TEN FEEIDINGS* OF TUHEROULOUS TISSUE TO CALVES
~

~

~

~

~

t'O

?

Z

~

~

S·

~

~

~

~

0::".

o

227
199

190

152

134

117
116

104

76

74

60

Dec. 29, 1926
Jan. 26, 1927

5,1927

Mar. 16, 1927

1,1927

Feb.

Apr.

Apr. 13, 1927
Apr. 16, 1927
May 1, 1927

May 29,1927

May 31,1927

June 14, 1927

113

114

115

116
117
118

119

120

121

Born

111
112

--I

No.

Birth
to first
infecting
feeding

396

360

186

323
339
360

186

332

338

137 ~
338

First
infecting
feeding to
autopsy

Intervals in days
~

~

~

H

;j

~

b{)

rn

Acidfast
'J::
0
I bacilli IGUinea~
;.g b.~ f-4 rn found pig
~ ~ 0 b ~ ~ §
In
tests
~
0"'0 ~ Po ..d .... smears
::s uae,:,~o]
o

Remarks

'

,

1

'

'

1

x

/
, ........

........, / I /

XIXIX

x

I X

I ..

......., X

\

x

/

,\

'\

.. ••.... 1·.... •.. 1........ 1.. ·.... ·1

\

/

\

\

1·.. •.... 1·.. •.... 1·.. •.... 1

x

1·.. · .... 1.. · .. · .. 1........ 1

X

/

\

.••••••• 1........ ' ....... ' ........ 1........ ' \

Many

Few

Many

Few
Many
Many

Many

Many

None

None

t

+

+
+
+

+

+

2 ileocecal nodes enlarged 2 x and caseocalcareous.
See
Extensive tuberculosis of right lung and well-marked lesions in the
remarks left lung, caseous foci in mediastinal. Guinea pigs died of intercurrent causes.
No visible lesions of tuberculosis. The tissue from an apparently
"normal mesenteric lymph node produced tuberculosis in a guinea
pig.
2 caseous points in a retropharyngeal, 2 and 8 mm, respectively.
5 caseous nodules in mesenteric chain, 3 to 20 mm in size.
Left retropharyngeal one-third caseocalcareous. Mesenteric chain
had 5 caseous nodules, 7 to 20 mm, and 1 colic node, caseocalcareous,
18 x 15 mm.
14 caseous nodules in mesenteric chain, 2 to 12 mm in size.
3 caseocalcareous nodules, from 4 to 7 mm, in ileocecal lymph nodes.
Caseous and caseocalcareous lesions, 2 to 25 mm, scattered through
the mesenteric and ileocecal lymph nodes.
+ Well-marked caseation in right lung, extensive caseation of retropharyngeal, and thoracic lymph nodes and caseous or caseocalcareous mesenteric lesions.
+ 1, 10-mm caseocalcareous nodule in bronchial, 1, 3-mm in post
mediastinal and extensi ve caseocalcification of mesenteric and
ileocecal nodes.
3, 3 to 4-mm caseocalcareous nodules in retropharyngeals and extensive caseous and slightly calcareous mesenteric lesions.
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RESULTS OF TEN FEEDINGS* OF TUBERCULOUS TISSUE IN CONTROL CAL;vES NOT VACCINATED
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• The infecting dose as described in table 5 was placed in a bucket and was voluntarily consumed by the calves except animal No. 11, in which case the dose was
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Tuberculous lesions]

11 caseocalcareous nodules, 2 to 4 mm, scattered in
mesenteric chain, one 2-mm nodule in retropharyngeal and a nodular connective tissue thickening in dewlap, 40 x 30 x to mm.
No lesions of tuberculosis. The dewlap contained a
5O-mm thin-walled abscess of soft, creamy, odorless pus. No acid-fast bacilli found.
15 caseous or caseocalcareous nodules, 3 to 12 mm,
scattered through the mesenteric and cecal nodes.
No dewlap lesions.
Died of acute gastritis too soon after infection to
justify consideration. No tuberculous lesions
found.
Each retropharyngeal had a 5-mm necrotic area.
Bronchials had 16, 0.5 to 5-mm caseous areas.
2 mediastinals had well-marked tuberculosis.
4, 4 to Hl-mm mesenteric lesions. A 17-mm cold
abscess in the dewlap.
Right postpharyngeal enlarged 2X and one-fifth
caseocalcareous. 9 caseocalcareous nodules, 4 to
15 mm, scattered through the mesenteric and colic
nodes. Dewlap lesion, 20 mm.
Retropharyngeal caseation, 18 x 15 x 12 mm. Slight
lesions in liver and gastrohepatics. 14 caseocalcareous nodules, 2' to 12 mm, in mesenteric and
cecal nodes. 5 hard, pea-sized nodules in dewlap.
Vaccinated 2 days after first infecting feeding.
Postpharyngeal, 1, 6-mm nodule. Left bronchial,
8, 3 to 5-mm nodules. Mediastinal, 3, 3-mm
nodules. Mesenteric, 14, 2 to to-mm nodules.
Dewlap contained white connective tissue thickaninz, 10 x 5 x 20 mm.
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2 easeocalcareous nodules, 4 -to 5 mm in mediastinals. Extensive
caseocalcareous lesions in the mesenteric and cecal lymph nodes.
Caseocalcareous areas, 20 and 10 mm, in left postpharyngeal, 12 mm
in right postpharyngeal, 4 mm in mediastinal, and 7 mm in a colic
lymph node.
A soft caseous lesion, 60 mm, in left postpharyngeal and 1, lo-mm
in gastrohepatic. Extensive caseation in mesenteric and wellmarked caseocalcareous lesions in ileo-cecal.
Killed 37 days after infection because of the death of vaccinated
calf No. 25, of which it was the control. Mesenteric lymph node
was necrotic, 30 mm.
Retropharyngeal enlarged 2 x, caseous throughout. 8 caseocaleareous areas, 1 to 3 mm, in mesenteric and cecal nodes.
Lungs studded with caseooalcareous nodules. Caseous lesions in
mediastinal and caseocalcareous lesions in retropharyngeal,
bronchial, and pulmonal lymph nodes.
Only 1 caseocalcareous 7-mm nodule in center of mesenteric chain
of lymph nodes.
Li ver studded with 3 to IO-mm caseous nodules. Caseous lesions in
mesenteric and mediastinal nodes and caseocalcareous in pharyngeal and gastrohepatic.
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First
infecting
feeding to
autopsy

Tuberculous lesions'[

t Tuberculous lesion symbols: / slight,\ well marked, X extensive. For full explanation see footnote, table 6.
t No smears made.
§ No test made.

• The infecting dose as described on table 5 was placed in a bucket and was voluntarily consumed by the calves, except animal No. 111, in which case the dose was
administered in long-necked bottles.
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Caseation in 7 mesenteric nodes, 2 to 18 mm. Dewlap had 6o-mm connective tissue thickening.
2 calcareous 5-mm nodules in mesenteric lymph nodes. Dewlap abscess,
40 mm, contained acid-fast bacilli. (See fig. 11.)
Caseous nodule in spleen, 18 x 12 x 7 mm. Guinea pigs tuberculous from
this spleen lesion. 32 caseocalcareous nodules, 2 to 7 mm, scattered in
mesenteric and cecal nodes.
12, 2 to 5-mm caseocalcareous nodules in mesenteric nodes, and 4, 2 to
4-mm in cecal nodes. Dewlap had slight thickening of firm white connective tissue.
No lesions except 50-mm cold abscess in dewlap, containing yellow, soft,
odorless pus and a few acid-fast bacilli.
Soft caseous lesions in both retropharyngeals, 12 caseous areas in ileocecal
nodes and 16 in mesenteric chain, ranging from 2 to 20 mm. No dewlap
lesion.
·Right retropharyngeal and 1 gastrohepatic each had 1, 4-mm caseous
nodule. 31 calcareocaseous areas, 5 to 10 mm, in mesenteric or colic nodes.
Abscess in dewlap, 40 mm, contained acid-fast bacilli.
1, 4-mm caseous nodule in right retropharyngeal and 15 caseocalcareous
nodules, 3 to 8 mm, in mesenteric chain. Dewlap small abscess.
13 caseocalcareous nodules, 1 to 10 mm, in mesenteric chain and 3, 1-mm
caseous points in an ileocecal node. Small caseous lesions in dewlap
contained acid-fast bacilli. (See figs. 11 and 12.)
20 soft caseous areas, 7 to 30 mm, in mesenteric chain. No dewlap abscess.

slight,·\ well marked, X extensive. For further description see footnote, table 6.

I Fiaures in paren.theses indicate the days to or froID. second va.ccination.

:t Does not include smears from the dewlap lesions.

t Tuberculous lesion symbols: /

* The infecting dose as described in table 5 was placed in a bucket and was voluntarily consumed by the calves.
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V ACC'INATED IN THE DEWLAP WITH 100 MG BOG
(For controls, see table 8B)
Feeding dates: August 13 to September 9 as in tables 7A and 7B and also September 10, 12, 14, 16, 18, 19, 24, 28, 29, 30, and
October 1-8, 11, and 12, 1927

TABLE SA

RESULTS FROM THIR.TY FEEDINGS* OF TUBERCULOUS TISSUES TO CALVES
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About one-half the mesenteric and ileocecal lymph nodes were easeocalcareous.
Right bronchial and right prescapular nodes each had a small caseous lesion.
12 caseocalcareous and 5 calcareous nodules, 3 to 20 mrn in size, scattered through
the mesenteric chain.
Mediastinal 2-mm caseous nodule. Caseocalcareous mass 25 mm in mesenteric
node, also 1, 4-mm. 4, 7 to 12-mm caseocalcareous nodules in cecal nodes.
All mesenteric and about one-half the cecal and colic nodes enlarged and caseocalcareous or completely calcareous.
Extensive tuberculous serositis of serous surfaces in thorax and abdomen. Extensi ve caseocalcification in .ower part of mesenteric chain.
2, 4-mm caseous areas in right postpharyngeal. 2 caseocalcareous areas, each
30 mm, in ileocecal and 7, 2 to 4-mm in mesenteric chain.
1, 4-mm caseocalcareous nodule in a cecal node and 10 such lesions in mesenteric
chain, 4 to 15 mm.
A 15-mm caseocalcareous mass and several smaller nodules in each retropharyngeal
node. 4, 7 to lO-mm caseocalcareous masses in mesenteric chain and 3, 4 to 15-mm
in cecal node.
Retropharyngeals caseocalcareous. Anterior and central mediastinals had several
2 to 4-mm caseous masses. 10 mesenteric and 1 colic node caseocalcareous. 1 gastrohepatic had a 4-mm caseous nodule and in a Peyer's patch was an 8-mm caseous
area containing acid-fast bacilli. The right prescapular node had a 7-mm caseous
nodule. (See figs. 13 and 14.)
Posterior mediastinal had a 4-mm caseocalcareous nodule. The colic and ileocecal
nodes, and nodes in lower two-thirds of mesenteric chain were nearly all caseocalcareous. Both retropharyngeal nodes were enlarged and caseocalcareous.

• The infecting dose as described in table 5 was placed in a bucket and was voluntarily consumed by the calves.
t Tuberculous lesion symbols: / slight,\ well marked, X extensive; for further details see footnote, table 6.
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Feeding dates: August 13 to October 12, 1927, as in table 8A

RESULTS FROM THIRTY FEEIDINGS* OJ!' TUBERCULOUS TISSUE IN CONTROL CALVES NOT VACCINAT'ED
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Right retropharyngeal, a 35-mm caseous mass, 2, 4 to 5-mm
caseocalcareous nodules in mesenteric and 1, 7-mm in ileocecal
node.
1, l-mm and 1, 5-mm necrotic masses in retropharyngeals.
4 mesenteries have sprinkling of pin point to I-mm caseous foci.
In Peyer's patches of ileum were 3 groups, numbering, respectively, 4, 2, and 7 hard, yellowish-gray, 2-mm nodules, containing acid-fast bacilli virulent for guinea pigs. Dewlap had
connective tissue thickening, containing acid-fast bacilli.
Caseocalcareous nodules as follows: postpharyngeal, 3,4 to S-mm:
left bronchial, 4, 3-mm; median mediastinal, 8, 1 to 5-mm;
posterior mediastinal, 3, 1 to 5-mm; pulmonal, 7, 2 to 3-mm;
mesenteric, 7, 1 to 4-mm. Dewlap abscess, 7o-mm fluid pus
containing acid-fast bacilli.
Emaciated. Musculature edematous. Caseous nodules in right
retropharyngeal 6, 2 to 3-rnm; left retropharyngeal, 5, 3 to
5-mm; left submaxillary, 1, 5-mm; mesenteric, 7, 3 to 8-mm.
In the ileocecal nodes were 11, 1 to lo-mm, caseocalcareous
nodules. Dewlap abscess, 4o-mm caseation with acid-fast
bacilli.

Right retropharyngeal 4, 2 to 4-mm caseous nodules. Left retropharyngeal, 2, 2-mm nodules. In mesenteric nodes, 2, 2-mm
necrotic masses. In a cecal node, a 4-mm necrotic mass. Cold
abscess in dewlap contained acid-fast bacilli.
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Gastrohepatics enlarged 3 x and caseocalcareous throughout. 23, 10
to 15-mm tubercles in liver. 8-mm caseocalcareous nodule in submaxillary. In right retropharyngeal 2, 8-mm; in left bronchial,
1, 2o-mm and 5,4 to 7-mm; in right bronchial, 2, 8-mm; in mediastinals, 8, 4 to 7-mm; in lung, 1, 5-mm and the mesenteric chain
was two-thirds caseoealeareous.
Left retropharyngeal enlarged 3 x; studded with 1 to IO-mm caseous
nodules. A 2-mm caseous nodule in intestinal wall, and the mesenteric node draining it had a 4-mm caseous nodule. In a Peyer's
patch, 5 ft. from the pyloric end of intestine was a 2o-mm square
area studded with 14 yellow-white nodules, each about 1 mm, and
acid-fasts were present in smears. The mesenteric node draining
the Peyer's patch contained a 25-mm caseous mass.
A colic node had 1, 18-mm caseocaleareous mass, and 2 mesenteric
nodes had 2, 15 to 18-mm caseous lesions.
Caseoealcareous lesions as follows: Left retropharyngeal one-third
involved; mediastinal, 1, 7-mm and 1, 15-mm; mesenteric chain,
1, 3O-mm, 4, 2 to 8-mm; ileocecal, 1, 2-mm nodule; pulmonal
lymph node had a 4-mm nodule.

Both retropharyngeals enlarged 2! x, and caseous throughout.
4 mesenteric nodes enlarged to 40 mm, studied with caseous points.
Also, 3 other mesenteric nodes, each containing a 5 to lo-mm
caseous mass.

• The infecting dose as described in table 5 was placed in a bucket and was voluntarily consumed by the calves.
t Tuberculous lesion symbols: / slight,\ well marked, X extensive. For further description see footnote, table 6.
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Remarks

Feeding dates: August 13 to October 12, 1927, as in tables 8A and 8B, and also October 14, 15, 16, 17, 19, and 22, 1927
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caseous or caseocalcareous lesions and the other calf had slight, but
widely distributed lymph-node lesions. A literal and strict interpretation of the federal meat-inspection regulations would have resulted in
the condemnation of all 4 carcasses.
Calves 11 to 24 differed from Nos. 26 to 29 in two respects, i.e., in
the length of time after vaccination that they were infected and in
their ages, the latter group being younger. A comparison of tables
7A a.nd 7B shows that age was probably not a significant factor since
well-marked or extensive lesions occurred in the nonvaeeinated calves
infected at ages from 6 to 199 days. The comparison also shows that,
in general, the tuberculous lesions were more extensive in the control
than in the vaccinated calves. It would seem, therefore, that the
subcutaneous injection of BCG resulted, after 4 or 5 weeks, in the
development of a certain resistance to tuberculosis. However, it was
definitely shown that this resistance was not usually sufficient to
prevent the penetration of the tissues of the alimentary tract by
virulent tubercle bacilli and the production of caseous lesions in the
mesenteric or cervical lymph nodes.
Discussion of the Resuits of Thirty Infecting Feedings, as Given
in Tables BA and BB.-It will be noted from the table 8A that 9 of the
10 vaccinated calves had caseous or caseoealcareous lesions. In all but
1 of these, the visible tissue involvement was confined to the lymph
nodes draining the pharyngeal or intestinal tracts. The exception
was No. 32, in which was found a single tuberculous caseous nodule in
the spleen, as well as 32 small caseocalcareous areas scattered through
the lymph nodes draining the intestines. All 10 of the. controls had
well-marked or extensive caseous or caseoealcareous tuberculous lesions
in 2 or more groups of lymph nodes.
On comparing the lesions in the vaccinated calves with their
respective controls killed on. the. same date, it was observed that in
one instance the lesions in the vaccinated calf (No. 36) were more
widely distributed than in its control (No. 136) but not so extensive.
The tissue involvment in calves 32 and 35 was about equal to that
involved in their controls, 132 and 135. In the other 7 vaccinated
calves, the .lesions involved .less tissue than in their respective controls.
'I'he results in.. tables.Szl and 8B.support the. observations. outlined in
tables 7A and. 7B, in that it is definitely shown that the vaccination
with BCG did not prevent the penetration of the tissues of the alimentary tract by virulent tubercle bacilli and the production of caseous
and caseocalcareous lesions in the adjacent lymph nodes. In general,
however, . the- tuberculous' lesions 'were .more extensive in the control
than in the vaccinated calves.

March, 1930]

Haring et al.: Vaccination of Cattle with BOG

349

Discussion of the Results of Thirty-six Infecting Feedings, as
Given in Tables 9A and 9B.-The 10 animals in this group had
received 30 infecting feedings with the 20 calves listed in tables 8A:!
and 8B, and it was decided to note what would result from the feeding
of 6 more very massive doses of bovine tuberculosis lesions suspended
in milk. On completing the autopsies, it was noted that, in general, no
very marked differences existed, either in the extent or distribution
of the lesions, which could be attributed to the additional infecting
feedings.
All of the vaccinated calves showed widely distributed caseous or
caseocalcareous tuberculous lesions in the lymph nodes. These
lesions were small, ranging from a pin point to 10 mm. One retropharyngeal lesion, 35 mm in diameter, was found in calf 41, and small
tuberculous lesions were also demonstrated in Peyer's patches of
calf 42.
All of the control calves had widely distributed well-marked or
extensive caseous or caseocalcareous tuberculous lesions of the lymph
nodes. Pulmonary and hepatic tuberculosis existed in calf 141 and
Peyer's patch tuberculosis in calf 142.
In general, the extent of the lesions in the vaccinated animals was
less than in the controls and these findings substantiated the similar
observations in the previous infection trials at this Station.
A comparison of the lesions in the calves which were revaccinated
at about the beginning of the infecting feeding (Nos. 15, 20, 41, and
42) with the autopsy findings in other vaccinated calves revealed no
significant difference. Therefore it would appear. that the subcutaneous revaccination of calves during a time when they are exposed to
infection will probably not result in any appreciable difference in their
lesions.
I t should be noted that calf 44, at 9 days of age, was vaccinated
for the first and only time on the day after starting the infecting
feedings. This calf was unthrifty and was slaughtered 'when 224 days
of age or 215 days after the first infecting feeding. The animal was
emaciated and its musculature was edematous. In spite of this, the
only tuberculous lesions found were slight caseations of the cervical
and abdominal lymph nodes. A guinea pig inoculated from portions
of these lesions developed tuberculosis. Another guinea pig inoculated
from portions of other tissues remained normal.
Discussion of the Results of Feeding Milk from T'uberculous
Udders, as Given in Tables lOA and 10B.-The 4 calves, Nos. 45, 46,
145, and 146, received feedings daily for 63 days from' the tuberculous
udder of cow No. 600 (see fig. 9). This cow was milked twice daily,
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100
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BCG

Protected from tuberculous infection until the 83rd day of life .
Then fed for 63 days on milk from cow 600(see page 352). Butchered
at 186 days of age. A lymph node of the mesenteric chain contained 6 caseous foci, pin point to 1 mm in size and a cecal node
contained a 20-mm caseous mass. The dewlap connective tissue
was thickened 20 mm and contained acid-fast bacilli.
Protected from tuberculous infection until the 80th day of life.
Then fed on milk from cow 600 (see page 352) for 63 days. Butchered
at 307 days of age. No lesions resembling tuberculosis were found.
Guinea pigs injected with cervical, thoracic, and abdominal lymph
nodes remained normal. The dewlap contained a 7o-mm thickening, but no acid-fast bacilli were found in it.
Born and reared until the 18th day of life in a tuberculosis-free herd.
Then fed daily for 86 days, Sept. 30 to Dec. 25, 1927, on the milk
from cow 2171(see page 352). Butchered at 112 days of age. 4, 2 to
8-mm necrotic foci in retropharyngeals. One-third the volume of
the bronchial and mediastinal nodes was caseous. 2, 2 to 5-mm
nodules in the lung. All the cecal nodes were enlarged and caseous.
Other portions of the mesenteric chain had 3 or 4, 1 to 2-mm
necrotic points in many lymph nodes. A dewlap abscess, 37 mm,
contained acid-fast bacilli.
Same age, history, and period of infection as calf 47. Found dead in
field at 263 days of age. Cause of death not known. Fair general
condition of carcass. Left retropharyngeal had 9, 2-mm millet-like
nodules grouped in a volume of less than 1 cc and the light retropharyngeal contained 13 such nodules in a group measuring about
1 cc. A 4o-mm cyst in the dewlap contained acid-fast bacilli.

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

Remarks

IN THE DEWLAP WITH

For further description see footnote. table 6.

Few

Many

None

None

Acidfast Guineabacilli
pig
ai 0. found inocu~
~ "'C
in
lation
~ 0 ~ smearsf

o

.s
g

·C

• The feedings were either by direct nursing of cow, or else by pail feeding.

4

Fair

94

13

Sept. 12

47

46

Good

.

227

,

77

.

Sept. 14

6

Fair

Sept. 11

45

~

_

Tuberculous lesionst

.a ]
SlaUgh-I·> oo "'C

103

.

to

vaccina-I Infee-I eondition to tion to tion on
vaccina- infec- slaughbon
ter
ter
tion

Birth

General

77

__,

No.

Born
(1927)

Intervals in days

RESULTS FROM FEEDING* MILK FROM TUBERCULOUS UDDERS TO

TABLE
~

01

~.

~

to

j....l

?

Z

~

~

5·

a

~

~

o

Born
(1927)

Purpose

162

62

18

103

227

16

C,)

t

.~

I";
C)

g;

...o
P=l

l:::l

~

~

~

~
.a ·E~
~

~

l:::l

~

l'1.l

~

Q)

C)

+>

Acidfast Guineapig
l'1.l1 bacilli
nd inocu~
].§
fOin
lation
+> l'1.l
~ O.s smears

I-8
8~as ...
~ oasargla o.a~ ~I·::

·C~

I Died,
see remarks

Died,
see remarks

Good

Fair

1

1

1

Many

+

1··

1 X I Many

+

·1

1

IX I X IX I X I X IX 1

1

1

+

1\ 1\

1

I X I X I X I X I X I X I X I X I X I Many

1

1 /

+

1

1

\ Many

/ 1

\
/

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

General
condiInfec- tion on
slaughtion
to
ter
autopsy

78

80

Birth
to
infection

Tuberculous Iesionsj

Remarks

Protected from infection to 80th day of life. Then
fed for 63 days on milk from cow 600. Butchered
at 183 days of age. Left retropharyngeal studded
with caseous masses. Posterior mediastinal had
a 4-mm caseous focus. One mesenteric had a
4-mm caseous focus.
Protected from infection to 78th day of life. Then
fed for 63 days on milk from cow 600. Butchered
at 303 days of age. Parotid lymph node had a
4-mm caseous focus. In the mesenteric lymph
nodes were caseocalcareous masses as follows:
3, 4-mm; 1, lO-mm; 1, 25-mm, and in the ileocecall, 25-mm.
Protected from infection to 18th day of life. Then
fed until death (62 days) on milk from cow 2171.
Died of tuberculosis at 80 days of age. Generalized pulmonary and lymphatic tuberculosis.
Protected from infection to 17th day of life. Then
fed for 86 days on milk from cow 2171. Died of
tuberculosis at 179 days of age. Generalized pulmonary and lymphatic tuberculosis. Lesions
were caseocalcareous.

* The feedings were either by direct nursing of cow, or else by pail feeding.
t Tuberculous lesion symbols: / shght,\ well marked, X extensive. For further description see footnote, table 6.
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and the mixed secretion from all 4 teats was given to the 4 calves.
An effort was made to give each calf approximately the same amount
of milk. Acid-fast bacilli were demonstrated in smears from the left
front quarter of the udder of cow No. 600 on several occasions, and, on
autopsy, the parenchyma of the right rear and left front quarters was
found to contain massive tuberculous lesions. This cow also had
extensive pulmonary tuberculosis, and the calves were confined in an
adjacent pen where she could reach over and lick them. In spite of
the obviously massive infection to which the 4 calves were thus exposed, none of them showed lesions on autopsy which were extensive
according to the classification used in these trials. In one of the
vaccinated calves (No. 46), no lesions were found, and guinea pigs
inoculated with bits of tissue from var-ious lymph nodes remained
normal. The other vaccinated calf had well-marked caseation of certain lymph nodes draining the intestine, as indicated in the table.
The lesions in the 2 controls were more pronounced than in the vaccinated calf which showed lesions.
Cow No. 2171 (see fig. 10), from whose udder infecting feedings
were given to calves Nos. 47, 48, 147, and 148, had been artificially
infected on August 2 by thrusting a needle 2 inches into the glandular
tissue of the right front and rear quarters and injecting spleen and
lymph-node pulp from a guinea pig infected with bovine tuberculous
lesions. As a result, the milk of these quarters was found to be
virulent for guinea pigs on September 8 and 29, October 19, and
November 5. Acid-fast bacilli were seen in smears of the milk of the
2 right quarters at various times between September 8 and November
25, 1927. On autopsy of cow No. 2171 on November 30, 1927, a
tuberculous, necrotic focus was found in the parenchyma of each of
the right quarters. Each focus was about 10 em in diameter. No
other lesions of tuberculosis were found in this cow."
Calf No. 48 died in the pasture from unknown causes and was not
found. for 3 days. Post-mortem changes rendered the autopsy difficult; however, it is believed that no well-marked lesions of tuberculosis
were present. Guinea pigs, inoculated from a postpharyngeal lesion
in this calf, became tuberculous.
It is noteworthy that calves 47 and 48 were subjected to the
infecting feedings only 13 days after vaccination when it might be
supposed that the full immunizing effect of the vaccination had not
yet developed.
9 Such limited localization of lesions resulting from inoculation of tuberculous
material into the udder is unusual according to Cobbett. (26)
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The control calves, were of about the same age and size as the
vaccinated. They were reared and fed together and were comparable
in every way except for the vaccination in the dewlap.
It will be noted that an evident difference exists in the susceptibility of the vaccinated calves listed in table lOA and the unvaccinated
calves listed in table lOB. Two out of 4 controls died of tuberculosis,
while all of the vaccinated animals remained in good or fair condition
up to the time of death.
These findings are of significance when added to the data in previous tables because they substantiate the results already obtainedthat the subcutaneous vaccination will not prevent the penetration of
the tissues by virulent tubercle bacilli but the lesions remain localized
in the lymph nodes draining the points of entry of the bacilli, while
in nonvaceinated calves the result may be a generalized tuberculosis.

INTRAVENOUS, ORAL, AND 11-{TRADERMIC VACCINATION
It was decided to test the protective effect, if any, of vaccination
of calves by various other methods besides the injection into the
dewlap as recommended by Calmette and Guerin. (20) Accordingly,
as indicated in table 11.r1, 3 calves were vaccinated intravenously, 6
were given 3 vaccinating feedings each, and 3 were injected intra.dermally. As in previous trials the vaccinated animals and an equal
number of controls were carefully protected from tuberculous infection until the time they were subjected to infection by feeding tubereulous bovine tissues suspended in milk. A few days before the first
infecting feeding the controls were given an intradermic tuberculin
test, but no reactions occurred. The detailed preparation of the
infecting material will be found in table 5, and the results are
summarized in tables llA and lIB.
Discussion of Tables 11A and llB.-It will be noted that in each
group 6 animals received only 1 infecting feeding, while the other 6
received 3 infecting feedings. A study of the controls in table lIB
indicates that the 1, feeding on July ,7 was as effective in producing
extensive lesions as the 3 feedings on July 7, 9, and ll!..··since extensive
lesions Occurred in every one of ·the·control calves which received the
1 feeding on July 7, while in 2 of the calves which received 3 feedings,
the lesions were only well marked. This supports the data already
presented in tables 6 to 9, showing that continued feeding of large
dosesof virulent tubercle bacilli has Iittle apparent effect in increasing
the severity or extent of the lesions produced.
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MOUTH, OR INTRADERMALLY

Died of gastroenteritis too soon after infection to
justify consideration. No tuberculous lesions were
found.

lymph node.

A 2-mm caseous nodule in right retropharyngeal

9 caseous points 1 to 4 mm in size in left, and 17 in
right retropharyngeallymph node.

Right retropharyngeal lymph node had 15 caseous
foci 1 to 4 mm in size.

2, 2-mm caseous foci in retropharyngeal, 5, 1 to 2-mm
in pulmonal, 31 caseocalcareous nodules 1 to 12 mm
in mesenteric, and 3, 2 to 3-mm in ileocecal lymph
nodes.

2 mesenteric lymph nodes, each having 1, 2-mm
caseous point.
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llA

Extensive caseous lesions in liver and in Peyer's patches
of small intestines. Extensive caseous and caseocalcareous masses in gastrohepatic, mesenteric, and
cervical, and slight caseation of bronchial and mediastinal.
Well-marked caseation of Peyer's patches and extensive
soft caseation of mesenteric and right retropharyngeal,
and small caseous foci in mediastinal and cecal lymph
nodes.
Lower third of mesenteric chain extensively caseocalcareous. Massive caseocalcification in retropharyngeal. Scattered cecal, and colic node lesions.
Extensi ve caseation of retropharyngeals and a few caseocalcareous foci in submaxillary, mediastinal, mesenteric, and cecal nodes.
Numerous 2 to 4-mm nodules in liver. Extensive caseation of gastrohepatic; well-marked in the retropharyngeal and mesenteric and slight in the bronchial,
mediastinal, pulmonal, and cecal nodes.
Well-marked Peyer's patch tuberculosis and extensive
or slight lymphatic caseation as indicated in symbol
columns of this table.
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RESULTS FROM FEEDING* TUBERCULOUS TISSUES TO CONTROL CALVES KEPT WITH THE ANIMALS LISTED IN TABLE

TABLE lIB

~

~

~

01
01

~

~

bj

co;.
~

~.

s

~

~

~
co;.

~

c

~

s·

~
co;.

~.

Q
Q

~

~

~

co;.

~

~.

~

~

3

~

c:o
"'"""

?

Born
(1928)

Vaccination
withBCG

53

155

85

131

150

155

152

191

186

207

160

192

I=:

0

.a

0

1004

.~ .s
1:13
I=:
;e
'5Q)
3
Q)

e;
0

'0

-0

~.~

1004 f1J

Fair

Fair

Fair

Good

Died

Fair

/

/

/

/

........ ........ ........

..... ........

/

........

........

.......

Few

Few

Few

........

/

........ ........ ........

\

........

None

....... ....... ........ Few

........ ........ ........ ........ ....... ........ None

\

/

........

"(I)

+

+

+

+

+

+

---

Acidfast Guineapig
bacilli
found inocuin
lations
smears'[

....
~"O
....0
Q)I=:
)l 01:13 O.!
0
P=l
~
---- -- - -- -- -- -- - - -

'>

0

e;

e;

Tuberculous lesions]

t

slight,\ well marked, X exteneive. For details see footnote, table 6.
Does not include smears from the dewlap lesions.

t Tuberculous lesion symbols: /

Remarks

Well-marked caseation of both retropharyngeal and
numerous 2 to 5-mm caseous foci in mesenteric
;
lymph nodes.
No visible tuberculous lesions. Guinea pigs injected
with cervical and with mesenteric lymph-node
tissue became tuberculous.

No visible tuberculous lesions. Guinea pig~injected
with cervical lymph node tissues became tuberculous.

Well-marked caseation of both retropharyngeals:
right bronchial had 2, 2-mm, anterior mediastinal 7,
2 to 3-mm, and mesenteric chain of lymph nodes 32,
2 to 4-mm caseous nodules.

Cause of death unknown. Left retropharyngeal had
1, 3-mlll caseous nodule, right had 4, 1 to 3-mm
necrotic foci.

17 caseocalcareous nodules, 1 to 5 mm, in mesenteries
and 2, 2-mm foci in ileocecal lymph nodes.

* The infecting feedings were given through a rubber tube. For details regarding dates and dosage see table 5.

-,

3

Intravenously :
100 mg, June 18

60 June 8

~9

3

3

3

3

Iutradermally:
100 mg, Feb. 3

By mouth:
Apr. 13, 3 gms
Apr. 15,2 gms
Apr. 17,2 gms

By mouth:
Feb. 27, 1 gm
Feb. 29, 1 gm
Mar. 2~ 1 gm

By mouth:
: Feb. 8,1 gm
Feb. to, 1 gm
Feb. 12, 1 gm

3

Feb. 1

58 Apr. 13

57 Feb. 26

56 Feb. 3

55 Jan. 31

Intravenously:
100 mg, Feb. 3

----- ---"--- --- ---- ----
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slight,\ well-marked, X extensive. For details see footnote, table 6.

* The infecting feedings were given through a rubber tube. For details regarding dates and dosage see table 5.
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None
+ Well-marked caseocalcification in retropharyngeal and
mesenteric and slight in pulmonal, bronchial, mediastinal, and cecal nodes.
X
/ ........ \
Few
+ Extensive caseocalcification of mesenteric, cecal, colic,
retropharyngeal, and a few 2 to 3-mm nodules in
bronchial, mediastinal, and gastrohepatic lymph
nodes. Well-marked caseation in Peyer's patches.
Few
+ 24, 1 to 12-mm caseocalcareous nodules in mesenteric,
1, 3-mm in cecal, 1 4-mm in a Peyer's patch, and
extensive caseocalcification of the retropharyngeal
lymph nodes.
\
/ ........ ........ Many
+ Extensive caseocalcilication in retropharyngeal, and
well-marked in mesenteric and ileocecal, and a few
2-mm foci in gastrohepatic and mediastinal.
\
........ ........ /
Many
+ Extensive caseocalcification in mesenteric chain. 1 caseous mass in a Peyer's patch, cecal nodes studded with
2 to 3-mm nodules. 1, 1-mm nodule in a mediastinal
node.
\
/
None
+ 3, 15 to 22-mm caseocalcareous masses in retropharyngeal and 84 in mesenteric, cecal, and colic lymph nodes.
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From table 11A it will be noted that the time elapsing between
vaccination and infection ranged from 53 to 173 days. The lesions in
the vaccinated calves were well marked in 2 cases (Nos. 57 and 59),
slight but widely distributed in 1 (No. 50), slight and localized in 6
(Nos. 49, 51, 52, 53, 55, and 56) and in 2 (Nos. 58 and 60) no evidence
of tuberculous infection could be found. No. 54 died of intercurrent
disease and was not taken into consideration. In contrast, the controls
all had well-marked or extensive widely distributed tuberculous lesions.
The number of calves used in the trials described in table 11A is
not sufficient to justify final conclusions, but a comparison with the.
results in the controls (table lIB) supports the evidence obtained in
the previous trials of BOG given subcutaneously. A resistance to
subsequent infection is produced by the presence of the BOG organisms
in the tissues; as a rule, however, this is not sufficient to prevent the
penetration of the body by virulent tubercle bacilli and the production
of caseation or caseo.. calcification in the lymph nodes.
From the limited number of calves used (12), there is nothing to
indicate that the administration of the BOG vaccine by mouth, intravenously, or intradermally had any more immunizing effect than when
given subcutaneously in the dewlap.

THE USE OF BOG IN A TUBERCULOUS HERD
On the first visit to the Williamson farm on Grisly Island in
April, 1926, to begin the use of BOG, it was evident that extensive
tuberculous infection existed. Several of the cows had enlarged retropharyngeal or preseapular lymph nodes, and a few were observed with
symptoms of advanced pulmonary lesions. Guinea-pig inoculations
from 2 of the animals proved the existence of cases of open tuberculosis in the herd. An intradermic tuberculin test, applied to all the
cattle in the herd, showed 55 per cent positive reactors. The results
of this test, grouped according to the ages of the cattle, are given in
table 12.
The calves born on this dairy since 1920 had been permitted to
nurse their dams for from 2 to 5 days, after which they were transferred to nurse cows or fed from pails on the mixed raw milk or skim
milk of the entire herd.
In 1926 at the time the experiment was started, Calmette and
Guerin had not retracted their published statement that it was unnecessary to take special sanitary precautions or to heat the milk from
the tuberculous cows before feeding it to the calves. It was evident to
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the writers that the vaccine would be more likely to be effective if
the calves could be protected from infection for at ]east 30 days after
vaccination. However, the owner desired to proceed with the trial on
the basis of the published recommendations of Calmette and Guerin
existing at that time, and it was decided to accede to his urgent
request in the hope that the majority of the calves would escape
infection during the first month of life and that by repeated vaccination over a period of several years, it would be possible to build up a
resistant herd.
TABLE 12
TUBERCULIN TEST, H. D. WILLIAMSON DAIRY, APRIL, 1926
One-tenth cc of 10 per cent solution alcohol-precipitated tuberculin was injected
into left subeaudal fold.

Age

Number
tested

Less than one year.............................................................
1 to 2 years......:... .. .......................................................
2 to 3 years.....................
............
3 to 4 years......
4 to 5 years.........................................................................
5 to 6 years..........................................................................
6 to 7 years.........................................................................
7 to 8 years........... .............................................................
8 to 9 years........................... ............................................
10 to 15 years.................... .......... .........................................
15 to 20 years............... .............. .......... ...... .....................
•••••••• 1 •••••••••••••••••••••••••••••••••••••••••••

TotaL............ ..........

.........

...... .....................

Number
positive
reactions

Number
indecisive
reactions

27
38
43
25
20
15
19
29
1
4
2

4
23
18
14
13
10
14
23
1
3
0

-----0
0
0
1
0
0
2
2
0
0
0

223

123

5

Number
negative

-----

95

23
15
25
10

7
5
3
4
0
1
2

During 1926, 38 calves were vaccinated and 10 were left unvaccinated as controls. Since that time, few controls have been left, because
.the owner insisted on having all of the calves vaccinated in the hope
that sufficient resistance would be created to prevent the development
of any open cases of tuberculosis in the vaccinated animals and that
eventually he could dispose of all unvaccinated cattle, cease vaccination and develop a nonreacting herd from the offspring of the
vaccinated animals.
The vaccinating dose used in ·1926 was 50 mg. Since that year in
all cases the dose has been 100 nig injected into the dewlap, the first
injection being given from 1 to 10 days after birth. The revaccinations have been made in 4 to 10 months following the initial injection
and annually thereafter. The numbers of calves vaccinated each year
are listed in table 13-.
In accordance with the recommendations of Calmette, no tuberculin
has been used on the vaccinated calves since 1926, with the exception
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of 4 animals just before slaughter. The owner was advised that, if
tested, they would proba.bly react for a. time as a result of the
vaccination regardless of whether or not they developed tubercles other
than those in the dewlap, (See the section "Hypersensitiveness in
Vaccinated Calves," pp. 366.) He was also advised in 1927 that the
most that could be expected from the vaccine was a resistance and that
it would not prevent the penetration of the tissues by virulent tubercle
bacilli. However, he decided to continue the vaccination of all the
calves.
TABLE 13
CALVES

V ACCINATEDAT H.

D. WIIJ,LIAMSON DAIRY

Number vaccinated
Year born
1926. ...... ..........................................
1927....................................................
1927.................. ................................
1928............ ......................................
1929....................................................

First time
38
58
6
44
46

---Total..........................

Second time

Third time

Fourth time

Fifth time

33
26
25
22
. ...........................
51
50
43
............................ ............................
6
6
............................ ......... ...............•. ...........................
40
............................
. ...........................

-----

192

The following year he had some reason to hope that the majority
of them would escape infection during the first 30 days of life because
3 vaccinated calves, reared on the place for from 8 to 12 weeks, had
been taken to Berkeley and no tuberculous lesions were found on
slaughter after 9, 16, and 18 months, respectively. On the other hand,
a nonvaccinated calf of this group was found to be tuberculous on
slaughter.
Guinea-pig inoculations from the mixed milk of the herd on one
occasions in 1927 resulted in producing tuberculosis.
In September, 1927, one of the 6-week-old calves which had been
vaccinated 5 days after birth was observed with labored breathing
and coughing. On slaughter a.t 2 months of age, extensive tuberculous
lesions were found in the lungs and thoracic lymph nodes. A
guinea pig inoculated from these lesions died of generalized tuberculosis, but a guinea pig inoculated from the vaccination abscess in the
dewlap' was normal throughout when sla.ughtered 2 months after
inoculation. On investigation, it was found that the cow on which this
calf had nursed had tuberculosis of the udder (see cow No. 600,
page 352). A non-vaccinated control calf which had been nursing on
this cow also developed pulmonary symptoms and on slaughter was
found to have tuberculosis of the mesenteric lymph nodes and non-
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tuberculous bronchopneumonia. With the previous exception, none
of the vaccinated calves in this herd has apparent clinical tuberculosis.
In the winter of 1928, 2 of the nonvaccinated controls, born in
1926, were reported by the owner to have died of tuberculosis. Unfortunately, no tissues were saved and the University veterinarian was
not notified.
During 1929 it has been possible to perform autopsies on 10 of the
3-year-old heifers, 5 of which had been repeatedly vaccinated and 5
of which were nonvaccinated controls. The results are given in tables
14A and 14B.
Discussion of Tables 14A and 14B.-The extent of exposure of the
cattle in this field experiment to tuberculous infection cannot be as
satisfactorily measured as the controlled infection trials at Berkeley
and Davis. However, from 8 nonvaecinated animals available for
tuberculin testing or slaughter, 5, or 62.5 per cent, developed tuberculosis. These 5 are listed in table 14B. One of them, No. 205, was
killed because it was in an extremely poor and weak condition as a.
result of tuberculous infection. The other 4 were selected from 7
available nonvaecinated animals because they yielded strong positive
reactions to the intradermal tuberculin test. The 3 animals negative
to this test were not slaughtered, but were retained in the Williamson
herd to serve as controls in future observations.
At the same time that the above 7 nonvaecinated heifers were
tested with tuberculin by the intradermic method, 4 vaccinated heifers,
.of about the same age as the nonvaccinated controls, were selec'ted at
random from a group of 20, which, in 1926, had been vaccinated
within 10 days of birth and which had been revaccinated 4 times since
that year. The test on these 4 animals failed to show a degree of
hypersensitiveness sufficient to 'cause a reaction definite enough to
condemn any of the animals under the standards ordinarily used in
routine testing. They were slaughtered for beef at the same time as
the 4 controls.
None of the 5 vaccinated animals recorded in table 14A, showed
any macroscopic evidence of tuberculosis. One, No. 236, did, however,
~arry live tubercle bacilli in one or more of its thoracic lymph nodes,
since the guinea pigs injected with these .apparently normal lymph
nodes developed tuberculosis. The 4 heifers recorded in table 14A
were selected at random from a vaccinated group in which all the
animals were apparently in the same approximate state of health.
It will be noted that heifer 216 (table 14A) showed tuberculous
lesions in the prescapular lymph node. The right prescapular node
measured.._~Q ..~ ~Q . ~ 3Q..ll!~_ ~~4. .contained . ~ .~.a~~.<?~s points, . each . ~ . 1~
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TABLE 14A
HEIFERS VACCINATED IN THE DEWLAP WITH

100

MG

BIR,TH 'VITH A TUBERCULOUS

No.

Born

Dates
vaccinated

BCG AND
IIERD

MAINTAINED FROM

Remarks

264

Sept. 4,1926 Calved Feb., 1929. Drowned accidentally Aug. 14, 1929. No evidence of tuberculosis found, except three vaccination abscesses in
Mar. 25, 1927
Sept. 1, 1926 Oct. 18, 1927 the dewlap. Guinea pigs, inoculated from dewlap abscess and
July 18, 1928 cervical, mesenteric, and thoracic lymph nodes, were negative
July 15, 1929 for tuberculosis at 3 months.

268

Sept. 1, 1926

Sept. 1, 1926 Calved Feb., 1929. Negative to intradermic tuberculin test Aug. 29,
Mar. 25, 1927 1929. Slaughtered for beef Sept. 4, 1929. No evidence of tubercuOct. 18, 1927 losis found, except eight 15-mm abscesses in the dewlap. Guinea
July 18, 1928 pigs inoculated with cervical and thoracic lymph node tissue were
negative for tuberculosis at 10 weeks.
July 15, 1929

236

July
Mar.
June 29, 1926 Oct.
July
July

3, 1926 Calved' Mar., 1929. Negative to the intradermic tuberculin test
Aug. 29, 1929. Slaughtered for beef Sept. 4, 1929. No evidence of
25, 1927
18, 1927 tuberculosis found, except 3 abscesses in the dewlap, each 50 mm.
18, 1928 Guinea pigs inoculated from the apparently normal thoracic
15, 1929 lymph nodes were positive for tuberculosis at 10 weeks.

216

May 23,1926

June
Mar.
Oct.
July
July

3,1926 Calved March, 1929. Negative to the intradermic tuberculin test
26, 1927 Aug. 29, 1929. Slaughtered for beef Sept. 4, 1929. No evidence of
18, 1927 tuberculosis found, except in the dewlap and adjacent prescapular
18, 1928 lymph nodes (see page 00). Guinea pigs inoculated from the cer15, 1929
vical thoracic and prescapular lymph nodes, were negative for
tuberculosis at 10 weeks.

212

May
Mar.
May 11, 1926 Oct.
July
July

21, 1926 Calved Mar. 19, 1929. Negative to the intradermic tuberculin test
21, 1927 Aug. 29, 1929. Slaughtered for beef Sept. 4, 1929. No evidence of
18, 1927 tuberculosis found, except 3 walnut-sized abscesses in the dewlap.
18, 1928 Guinea pigs inoculated from the cervical thoracic and gastrohepatic
15, 1929 lymph nodes, were negative for tuberculosis at 10 weeks.

TABLE 14B
NONVACCINATED HEIFERS SERVING AS. CONTROLS FOR HEIFERS LISTED IN' TABLE 14A

No.

Born

Remarks

205

April, 1926

203

April, 1926

225

Jan.,

1926

219

May,

1926

473

April, 1926

Calved March 1, 1929, after which symptoms of generalized tuberculosis appeared.
Killed April 21, 1929. Massive tuberculosis of organs and lymph nodes of the thoracic and abdominal cavities. Acid-fast bacilli were abundant in uterus and bronchial tubes.
Slaughtered for beef, September 4, 1929. A mesenteric lymph node contained a
calcareous nodule, 20 x 15 x 8 mm, and in another node near by was a 7-mm caseous
area. Acid-fast bacilli were demonstrated and inoculated guinea pigs developed
tuberculosis.
.
. .
Slaughtered for beef, September 4,1929. The left retropharyngeal lymph node was
enlarged 3 times normal size and about one-third of its area was thickly studded
with caseocalcareous nodules, from 5 to 15 mm in size, typical of tuberculosis.
Slaughtered September 4, 1929. Condemned as unfit for food on account of emaciation. Extensive cervical and thoracic tuberculosis.
Slaughtered for beef, September 4, 1929. The left bronchial lymph node was enlarged
6 times normal size and contained a caseocalcareous lesion, 15 mm in size, in which
acid-fast bacilli were demonstrated.

-- -----
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2 mm in size. These were grouped in a space 10 x 7 x 5 mm. The left
prescapular node measured 70 x 40 x 20 mm and contained 8 caseous
points, ranging from 2 to 3 mm in diameter. These were grouped
together near the surface of the node. Near by was a yellow caseous.
mass, 3 x 4 x 3 mm in size. Acid-fast bacilli were demonstrated in
smears from the above .lesions as well as in the pus of several small
abscesses at the points of vaccination in the dewlap. It appeared that
the BCG organisms injected into the dewlap had penetrated the
a.djacent lymph nodes. The fact tha.t guinea pigs inocula.ted from the
prescapula.r lymph nodes failed to develop tuberculosis supports the
idea that the prescapular lesions were caused by the BeG organisms
and not by ingested acid-fast bacilli.
The fact that none of the vaccinated animals (table 14A) showed
any macroscopic lesions attributable to virulent tubercle bacilli, while
all of their controls (table 14B) had definite lesions, strongly supports
the claims of Calmette.
.
It has been customary to slaughter all male calves for veal at the
age of 2 or 3 months. To date, about 200 have been so slaughtered by
the superintendent of the ranch, who reports that no lesions resembling
tuberculosis have been observed except in the previously mentioned
cases. In addition, tissues from several of these calves were sent
to Berkeley and portions were injected into guinea pigs with negative
results.
For economic reasons the owner has wished to sell some of the
vaccinated heifers. They have, however, been found unma.rketable
except for beef, because it is supposed that they will probably react if
subjected to the tuberculin test.
Until there is an opportunity to make post-mortem studies on
more of the heifers which have been on the farm since 1926, the only
conclusions that the writers are able to draw from the use of BCG in
this herd are as follows:
1. No apparent injury to the general health or milking efficiency of
the heifers has been produced by the annual vaccination.
2. A comparison in 1929 of the vaccinated and nonvaceinated
heifers born in 1926 shows that the vaccinated heifers are all in
good condition, while some of the nonvaccinated have died of tuberculosis. Five vaccinated heifers born in 1926 were found apparently
sound on autopsy in 1929, while an equal number of nonvaecinated
controls were found to be tuberculous.
3. Since the vaccine causes animals to become temporarily reactors
to tuberculin, the vaccinated heifers were rendered for a time unmarketable, except for beef.
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4. The results already obtained in the Williamson herd, when
considered in connection with the results of the controlled experiments
at Berkeley, are a distinct addition to knowledge concerning immunity
and resistance to tuberculosis. A continuation of the cooperation
with
Williamson has therefore been arranged.

Mr.

OBSERVATIONS OF THE EFFECT OF BCG ON CATTLE NOT
EXPOSED TO TUBERCULOUS INFECTION
To determine if BCG cultures may cause any injury to cattle is of
fundamental importance and a necessary prerequisite to extensive
vaccination trials. Particularly, it is necessary to find out if extensive tuberculosis may result directly from the vaccination. It has
been demonstrated by investigation in various countries, as well as by
Calmette's group, that local tuberculous lesions are produced in the
tissues of animals at the points where the living BCG bacilli lodge.
The majority of reports concerning this indicate that these local lesions
do not progress to an extent that is permanently detrimental to health
and that if the animals are premitted to live, the lesions eventually
heal. Consequently, the Commission of Bacteriologists of the Hygiene
Section of the League of Nations'>" reported in 1928 that BCG constitutes a harmless vaccine for cattle. On the contrary, Watson (74) has
reported that passages of BCG from calf to calf resulted, in one
instance, in the development of virulence sufficient to cause generalized
tuberculosis in guinea pigs inoculated from the calves.
To date, 27 head of cattle in the nontuberculous herd belonging to
the University at Berkeley have been subjected to injections of BOG
in various ways. Following is a list of these trials:
1. Eight aged cows were injected in the dewlap with BCG, dose
100 mg. On slaughter after 72 days, no tuberculous lesions were
found except the usual cold abscesses at the point of vaccination.
2. Fifteen calves born in 1926 and 1927, were vaccinated in the
dewlap from 1 to 10 days after birth, and have been revaccinated
annually since that time. To date (November, 1929), no injurious
effect has been noted from the vaccine other than the local abscess
produced in the dewlap. In one of these animals (No. 1111) after the
second vaccination on February 12, 1927, the dewlap lesion gradually
developed to such a size that it became an objectionable blemish. In
September, 1928, it consisted of multiple intercommunicating abscesses,
forming 3 tumors having respective diameters of 150, 80 and 70 mill.
The contents consisted of semi-solid caseocalcareous, necrotic tissue.
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On microscopic examination, large numbers of acid-fast bacilli were
found mixed with leucocytes and amorphous, necrotic debris. Cultures
on serum egg and other media remained sterile. Four guinea pigs
inoculated with the pus were killed after 6 months and found to be in
excellent condition. No lesions of tuberculosis were found in them.
An attempt was made to reduce the size of the abscesses in calf
No. 1111 by free incisions, drainage, and the liberal use of tincture of
iodine, without much effect; but, after ·several injections of hexylresorcinol, the discharges ceased and healing resulted.
On December 19, 1928, the animal was revaccinated in the dewlap
with 100 mg of BCG. In August, 1929, the 3 swellings in the dewlap
measured respectively l10, 110, and 80 mm.
3. Three calves, aged 2 months each, received the relatively massive
doses, 1 to 4 grams, distributed in smaller amounts at various points
TABLE 15
THE RESULTS OF INTRAVENOUS INJECTIONS OF BOG IN OATT'L,E AND SWINE

injected

Dose
of
BCG,
mg

82 Steer

5 months........

100

94 Steer

2 months........

50

1130

Heifer...... 2 weeks............

500

1110

Heifer...... 21 months .....

500

Gilt...

500

No. Sex and
species

A

Age when

3 months.

Remarks

Temperature remained normal. Butchered 30 days after injection of BCG. Tissues were apparently normal throughout on
macroscopic examination except that on close scrutiny the
lungs were seen to be studded throughout with glass-like
nodules, pin point to 0.5 mm in size and occasionally a larger
nodule (l mm) was observed. A histological study showed the
lungs to be thickly studded with foci containing acid-fast
bacilli (figs. 15 and 16), Guinea pigs injected with lung and
lymphatic tissue remained normal.
Temperature irregular for 4 weeks; otherwise the animal appeared normal. Slaughtered 4 months after injection. Tissues
normal throughout. Lungs normal histologically. Guinea pigs
injected with lung and lymphatic tissue remained normal.
Temperature irregular for 4 weeks. The animal grew slowly and
was unthrifty for 6 months; otherwise she has remained normal.
Still li ving; age 2 years.
Temperature high on 2nd and 3rd days and on 16th to 24th days
after injection. Otherwise she has remained normal. Died
from dystocia, aged 2~ years. No indications of tuberculosis
found.
Irregular temperature between 2nd and 28th day after injection.
The day after injection partial paralysis of the rear limbs
developed, from which recovery was slow, and the animal was
still slightly lame on slaughter 13 weeks after the BeG was
injected. Apparently normal throughout on macroscopic
inspection except that on close examination in a strong light
the lungs were seen to be studded with white nodules up to 0.5
mm in size. A histological study of the lungs showed that
they were studded with necrotic foci containing acid-fast
bacilli (figs. 17, 18). Guinea pigs inoculated with lung and
lymphatic tissue remained normal.
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under the skin. Cold abscesses formed at the points of injection, but
the animals have remained in good general condition and are being
held under observation.
4. A study has been made of the effects of intravenous injections
of BCG into 4 calves in a tuberculosis-free environment. These results
are listed in table 15 and serve as a control on the infection experiments described in table 3, as well a.s showing the reaction to such
injections in animals protected from virulent tuberculous infection.
Discussion of Table 15.-No permanently injurious effects resulted
from the intravenous injection of massive doses of BCG. However,
in some animals a disturbance occurred which was evidenced by irregularities in the temperature for a few weeks.
The lung nodules in steer No. 82 and swine A consisted of a central
mass of acid-fast bacilli, surrounded by a wall of connective tissue.
See figures 15-18.
Apparently the lung lesions are resorbed in a few weeks because no
trace of lung abnormality was found other than a slight increase in the
interlobular connective tissue in animals killed after an interval or
more than 4 months.

HYPERSENSITIVENESS IN VACCINATED CALVES
During the experiments at Berkeley, it has been observed that a
rise of temperature may occur in calves soon after revaccination
subcutaneously with BCG. The fever begins in from 2 to 6 hours
after the injection and ranges between 104 0 and 106 0 F for 8 to
14 hours. The temperature curve is similar to the thermal reaction
caused by tuberculin and seems to have no relation to the fever which
occurs in calves 2 or 3 weeks after the intravenous injection of BCG.
No temperature reactions immediately after the subcutaneous injection of the vaccine have been observed at this Station in tuberculosisfree calves vaccinated for the first time, and we believe that when
such reactions do occur, th.ey indicate that the animal has previously
been infected by tubercle bacilli or organisms of similar antigenic
effect.
Figure 3 shows the temperatures recorded after the vaccination of
3 calves. The records of these animals have been selected for graphic
presentation in chart form because they represent three types as
explained in the legend under figure 3.
During 1926 and 1927 in accordance with the recommendations of
Calmette, the use of tuberculin was avoided when the calves were to
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be exposed to virulent infection, although, according to the experiments of Goldenberg of the Ukranian Commission as reported by
Tzeknovitzer, (72) such a precaution is probably unnecessary.
Studies of the effect of tuberculin on the vaccinated calves which
were protected as much as possible from exposure to virulent bacilli
have been made at the California station, In the 20 cases studied,
the subcutaneous injection of 100 mg of BCG was always followed by
the development of a sensitiveness to tuberculin as evidenced by
intradermic and ophthalmic reactions. In the majority of the vaccinated calves, a thermal reaction followed the subcutaneous injection
of 500 mg of tuberculin O. T.
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Fig. 3. Temperature chart showing fluctuations in temperature after the
injection of BeG into the dewlap.
Calf 1..4 received 40 mg. It had previously received 50 mg on June 6, 1926,
and a vaccine abscess had formed, discharged, and healed before September
27, 1926.
Calf IB received 40 mg. It had previously received 50 mg on June 6, 1926.
An abscess had formed but did not open.
On September 27 it measured
27 x 27 mm.
Calf 10 received 50 mg. It had not been vaccinated previously.

The surgical removal of the cold abscess in the dewlap of calf
No. 1114 (fig. 8, p. 388) was followed by a gradual reduction in local
sensitiveness to tuberculin, although slight traces of sensitiveness to
ophthalmic, intradermic,and subcutaneous tuberculin tests persisted
for 18 months.
King and Park(40) failed to obtain any indication of increased
sensitiveness to tuberculin in guinea pigs and calves that had been
fed small doses of BCG.
In order to determine if the feeding of a massive dose of BCG does
cause hypersensitiveness, 2 calves at the California station at Berkeley
were each given by mouth 1 gram of BCG suspended in physiological
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sodium chloride solution. Calf No. 472 was 72 days old at the time
the BCG was fed and ca.lf No. 1022 was just born and had never
nursed. Sixty days later the calves were each given intradermally
0.2 cc of 100 per cent tuberculin O. T. This provided as strong a
dose as is ordinarily used to elicit thermal reaction and at the same
time subjected the calves to intradermic test with several times the
ordinarily used dose of tuberculin. No thermal reactions were observed. Observations at 60, 84, and 132 hours showed no positive
intradermic reactions, although both calves developed slight sub-caudal
thickenings, the thickenings in calf No. 1022 being slightly the larger
("P" according to the U. S. Bureau of Animal Industry Standard).
At the 84th hour observation a sensitizing ophthalmic disc was placed
in one eye of each animal and 72 hours later a test dose disk was given
each calf. No reactions developed during a 12-hour observation.
There was no thermic reaction. Three pre-injection and 10 post-injection temperatures were taken, The latter were started 6lh hours after
injection and were taken at 2-hour intervals. Calf No. 472 was
butchered at 140 days of age. No indications of tuberculosis were
found. Calf No. 1022 is still living and in good condition.

CONTROL TESTS OF BCG CULTURES ON SMALL ANIMALS

Guinea Pigs.-In all, 106 guinea pigs have been used to test the
purity and harmlessness of the cultures as required by Calmette.
The dosage has ranged from 2 to 100 mg given in various ways.
Ninety of these animals have been killed from 2 to 13 months. after
vaccination. The remainder are being held for observation.
Intramuscular and subcutaneous injections into guinea pigs have
usually resulted in the formation of local abscesses which, as a rule,
rupture and heal after a few weeks without affecting the general
health of the animal. Thirteen months after injection one of the
guinea pigs still had about a minim of pus at the point in the thigh
where 25 mg had been injected. The pus. from these discharging
abscesses contained acid-fast bacilli, but at this station subinoculations
of such pus into other guinea pigs have thus far always given
negative results.
Intraperitoneal injections of 2 to 50 mg into guinea pigs were
followed by well-marked adhesions. or purulent lesions or both in the
abdominal cavity. Such lesions have been demonstrated in all the
animals killed 2 to 13 months after inoculation, but the subinoculations
thus far have been negative.
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Rabbits.-Thirteen rabbits have been injected intramuscularly or
subcutaneously with doses of BCG ranging from 20 to 100 mg. Local
abscesses formed which were usually larger and more persistent than
in the guinea pigs. This does not necessarily indicate that rabbits are
more susceptible than guinea pigs to specific pathogenicity of BCG.
It may be accounted for by the fact that they are apt to develop
relatively larger local lesions than guinea pigs when injected intramuscularly or subcutaneously, Besides, the work of Coulaud (29) and
others who have injected rather large doses of BCG intravenously into
rabbits does not suggest that rabbits are particularly susceptible to
BOG, since no generalization of disease is produced; in fact, complete
healing has taken place in their cases after several months. One
rabbit at the California station which had been injected subcutaneously inside the right thigh with 20 mg was killed after an interval of
105 days. A 30-mm abscess was found between the muscles of the
thigh. The liver also contained a white nodule the size of a pea. .Acidfast bacilli were found in smears from both these lesions.
Swin.e.-In an attempt to determine if vaccination has a.ny immunizing effect on swine, injections of BCG have been made into pigs at
various ages ranging from 1 day to 6 months old. To date, 45 swine
have been vaccinated in various ways, intravenously, subcutaneously,
intramuscularly, intradermally, and by mouth, The results are not
ready for publication, but as yet no indication has been found that the
BOG cultures at this Station are capable of producing generalized or
fatal tuberculosis in swine. The lesions are local in character and
resemble those produced in calves.
Comment.-The fact that the intraperitoneal injection of BeG
into guinea pigs and rabbits often causes rather extensive caseous
lesions has been the basis of some criticism of the early statements of
Calmette as to the harmlessness of BUG. However, it would seem
that abdominal lesions resulting from such intraperitoneal injections
are of little significance in solving the problem of. the possible harmfulness of the subcutaneous and oral vaccination procedures recommended .by Calmette.
On the other hand, the cases of generalized tuberculosis in guinea
pigs after injection with dissociated BCG cultures reported by Petroff,
Branch, and Steenken (61) are of great interest. In their work, however,
the technique recommended by Calmette was not followed ; instead a
deliberate a.ttempt wa.s made to develop virulent strains by dissociating the BCG cultures into R and S types of colonies by growing the
bacilli on gentian violet egg media. Chiari, Nobel, and Sole(25) also
have reported the cultivation from BCG of a strain virulent for
guinea pigs.
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Watson (74, 75, 76) was one of the first to question the inoffensiveness
of BCG. He reports results from the injection of 134 guinea pigs
with BCG as follows:
In 92, or 68.7 per cent, no lesions of tuberculosis were discernible
after a duration period averaging 295 days; in 30, or 22.3 per cent,
early, slight or localized lesions were found after an average duration
of 290 days, and in 12, or 9 per cent, typicalgeneralized tuberculosis
developed after an average duration of 309 days.
Watson also questioned the alleged benign character of tuberculous lesions as found in guinea pigs following BCG inoculation and
developing in the course of many months. In some cases he reported
inoculations made from such so-called benign lesions produced tuberculosis, and, furthermore, serial passage from guinea pig to guinea pig
was reported to be productive of typical tuberculosis.
D~yle(31) has claimed that certain parts of Watson's work are
open to criticism, but nevertheless, merit immediate repetition in other
laboratories.
In experiments at the United States Experiment Station, Bethesda,
Maryland, Schroeder and Crawford (65) have reported that in one lot
of -36 guinea pigs injected with BCG, 1 died showing lesions of
generalized tuberculosis. None of the other 35 were affected. It was
not decided, whether the 1 guinea pig of this series that died of
tuberculosis contracted the disease as a result of the inoculation with
BCG or whether this was a case of 'spontaneous' tuberculosis. They
stated that when guinea pigs are kept in the. same house with tuberculous guinea pigs, there is always a possibility of 'spontaneous'
tuberculosis. Sewall (67) has called attention to the occurrence of
so-called 'spontaneous' tuberculosis in guinea pigs and the possibility
of the introduction of infection to them on comtaminated feed.
The observations of Gerlach, (35) King and Park, (40) Woodruff and
Gregory, (79) and many others, as well as the results at the California
station, support the contention of Calmette that no increase to high
virulence has yet been proved to occur in BCG cultures maintained on
ox-bile potato.
At the California Agricultural Experiment Station cultures of
BCG have been transplanted on potato in 5 per cent glycerine broth
since 1926 and a parallel series has been carried on the same medium
with each tenth and eleventh transplant on ox-bile potato containing
5 per cent glycerine. In attempts to dissociate the cultures carried in
this way, it was possible at the California station to obtain from the
former series variants simulating both Rand S types of colonies as
described by Petroff, while in the latter series carried according to
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Calmette's recommendations, these have 'not been observed. Guinea
pigs inoculat~d with the S type of colony showed no significant variations from those inoculated with the R type. A slightly enlarged
spleen, found in the guinea pig inoculatedrwlth the S type, was
reinoculated into 2 guinea. pigs. These animals showed no evidence of
disease when slaughtered at the end of 75 days. One rabbit, inoculated
intravenously with about 50 mg of the S type growth, when killed
after an interval of 3 months, showed the lungs to be studded with 1
to 2-mm nodules, containing acid-fast bacilli. This lung tissue was
reinoculated intramuscularly into 2 guinea pigs. These animals were
slaughtered at the end of 75 days and showed 'no evidence of disease.
A rabbit inoculated in a similar way with the R type of growth was in
poor condition on autopsy after an interval of 3 months. The lung
contained 7 necrotic spots, consisting of creamy pus, 1 to 2 mm in
size. The spleen was also slightly enlarged. No acid-fast bacilli or
other indications of tuberculosis were demonstrated.

DISCUSSION AND SUMMARY
Two hundred and eighty-two ealvesIess than 10 days of age, and

15 older cattle were treated with cultures or transplants of cultures
received from Calmette. One hundredand ninety-two of the calves
were in an extensively tuberculous dairy herd, where vaccinations have
been made for 3 years under partially controlled conditions. The
remaining 90 calves were from. herds free from reactors to the tuberculin test. These have been maintained with an equal number of
nonvaccinatedcontrols at the California Agricultural Experiment
Station at Berkeley and Davis.
Thirty of the 90 head were used to test the possibility. of any
injurious effects of BCG on cattle in a presumably tuberculosis-free
environment, and the remaining 60 were used to test the immunizing
or resistance-producing power of the vaccine by exposing them to
tuberculous infection under experimental conditions.
A summary of the results of experimental infection of the 60 head
of vaccinated cattle and of 62 of the nonvaeeinated controls is given in
table 16. This table also contains the results from the infection of 2
calves treated with heat-killed tubercle bacilli and 2 treated with
nonvirulent acid-fast bacilli from a culture isolated from bovine
lymphangitis.
The results under' controlled conditions listed in table 16 indicate
that the use of BCG confers upon cattle a definite resistance to tubercle

Controls.

100mgBCG in dew- 50 mg bovine tuber- On slaughter after 2~ and 4 months, respectively, both were
cle bacilli injected found to have well-marked lesions at point of infecting inlap.
subcutaneously.
jection and slight lesions in certain lymphatic tissues.
An evident resistance was conferred by
the vaccine.
50 mg bovine tuber- Developed advanced clinical tuberculosis, On slaughter
cle bacilli injected after 2 months, both had generalized tuberculosis.
Controls.
subcutaneously.

4
steers

2
steers

2
steers

3

3

3

2 mg bovine tuber- Controls died of miliary tuberculoeis in from 20 to 34 days
cle bacilli intrave- after infection.
nously.

1 gram heat-killed 2mg bovine tubercle Died of miliary tuberculosis in 29 and 31 days, respectively, Vaccination with killed tubercle bacilli
tubercle bacilli in- bacilli intrave- after infection.
had no apparent effect.
nously.
travenously.

2
steers

3

4

2
steers

3

2mg bovine tubercle 1 died of tuberculous pneumonia 51 days after infection. The BCG intravenously apparently rebacilli intrave- The other remained apparently normal, but, on slaughter tarded fatal results in 1 and prevented
nously.
110 days after infection, was found to have extensive fatal effects in the other calf.
thoracic lesions.

Conclusions

50 mg BeG intravenously.

Autopsy findings

2
steers

Form and
frequency of
infection

2 mg bovine tubercle I, slaughtered 4~ months after infection, had no lesions, but The BCG subcutaneously gave sumbacilli intra ve- guinea pigs became infected from the apparently normal cient resistance to prevent the fatal
nously.
lymph-node tissue. The other calf, slaughtered 10 months effects of intravenous infection.
after infection, had slight but widely distributed lesions.

Method of
vaccination

SUM.MARY FROM PRECEDING TABLES OF' RESUIIl'S IN VACCINATED AND CONTROL CALVES

100mg BCG in dewlap.
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4

6 feedings.

10

SA

30 feedings.

I

5 had well-marked and the other 5 extensive lesions.

1 calf had extensive caseation of mesenteric nodes; 1 had
well-marked lesions in the spleen and slight lesions in the The lesions in the vaccinated calves
mesentery; 1 had well-rr arked mesenteric lesions only; were less extensive than in their reI had well-marked mesenteric, cecal, and cervical lesions: spective controls in S animals; in 2,
and 5 had slight caseous lesions. In 1, no tuberculous the lesions were about equal to the
lesions were found.
controls.

Of 14 calves infected, 35 or more days after vaccination, In general the lesions in the cal ves in3 had well-marked lesions, 6 had slight lesions, and in fected 35 days or more after vaccina5 no lesions were found. One calf died of gastritis too soon tion were less extensive than in the
controls, The lesions in 4 calves into justify consideration.
fected within 25 days after vaccination
were widely distributed but not large
10 had extensive, 4 had well-marked, and 3 had slight lesions.
In 1, no lesions were found, but the guinea-pig test was in size.
positive.

Extensive lymphatic caseocalcif cation in 1 calf, and retropharyngeal caseation in the other.

The lesions in the calves vaccinated
All 4 had extensive caseocalcification of 1 or more groups of with BCG were less pronounced than
lymph nodes.
in the respective controls, and the lesions in the calves treated with acidTuberculous pneumonia from aspiration in 1 and extensive fast bacilli from a bovine skin lesion
culture were more pronounced than in
lymphatic caseocalcification in the other.
the controls.

lesions; 2 had slight mesenteric lesions and in 1, no lesions
were found.

1 calf had extensive mesenteric and slight retropharyngeal

5 steers I Controls.

9B

lap.

5 steers

I

well-marked cervical and slight mesenteric and ileocecal
lymph-node lesions.

6 were massive.

36 feedings. The last 3 had extensive and 2 had well-marked lesions.

6 were massive.

were less extensive than in their respective controls. In the other vaccinated calf, the lesions were more
numerous and widely distributed but
smaller in size than in its control.

100 mg BCG in dew-I 36 feedings. The last 1 4 had slight, but widely distributed, lesions. The other had I The lesions in 4 of the vaccinated calves

IOsteersl Controls.

lap.

1100 mg BCG in dew-I 30 feedings.

9A

SB

steers

10 feedings.

Controls.

19

19

steers

7A

7B

2 feedings.

100mg BCG in dewlap.
10 feedings.

Contr~ls.

100 mg acid-fast bacilli from a bovine 12 feedings.
skin lesion.
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steers

2
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steers

4

lap.

1100 mg BeG in dew-

-----1---1

steers

Io--ol

~

~

-1

~

~

~

OJ

~

~.
<So

~

~

~
<So

~

c

~

a
s

~.

~

~

~

<So

~

~

~.

~

~

L......J

o

~

~

~

~

~

a::

Method of
vaccination

Form and
frequency of
infection
Autopsy findings
Conclusions

12
Controls on above Feeding.
steers . 12oalves.

I

I

llB

--- --

3
1100 mg BCG intra- Feeding.
steers
cutaneously.

I

llA

doses of Feeding.
BCG by mouth.

Feeding.

6
steers

IMassive

venously.

1100 mg BeG intra-

I

3
steers

calves.

1 had well-marked tuberculous lesions; 3 slight lesions localized in the retropharyngeallymph nodes; 1 had widely dis- This limited number of cases indicates
tributed lesions; and in 1, no lesions were found but guinea that the intravenous feeding and intracutaneous methods of vaccination
pigs injected with its cervical nodes became tuberculous.
all conferred some resistance to tuber1 had well-marked and 1 had slight tuberculous lesions. culosis, but there is no evidence that
The 3rd died of intercurrent gastritis too soon to be of use. they are superior to the subcutaneous
dewlap injection
10 had extensive tuberculosis and in the other 2 the lesions
were well-marked. In all 12 controls the lesions were more
pronounced than in any of the corresponding vaccinated

2 had slight abdominal lesions; in the other no lesions were
found, but guinea pigs injected with its cervical and mesenteric lymph nodes became tuberculous.

Fed on milk of tU-11 had extensive caseation of ileocecal nodes and.well-marked
berculous udder,
Lesions elsewnere; 1 died of intercurrent causes 8 months
cow No. 2171.
after infection and the only tuberculous lesion found was
a slight retropharyngeal involvement:
Indications point toa protection from
the vaccination against a fatal termination of the infection.
Fed on milk of tuberculous udder, I Both died of generalized tuberculosis.
cow No. 2171.

llA

llA

I

2 steers I Controls.

lOB

-------

2 steers 1100gm BeGin dewlap.

lOA

lOA

100mg BCG in dew-I Fed on milk of tU-11 had slight mesenteric and well-marked ileocecal lymph2 steers I lap.
berculous udder, node caseation. The other calf had no demonstrable
cow No. 600.
tuberculous lesions.
------1---1
I The controls were more tuberculous
than the vaccinated.
Fed on milk of tuberculous udder, I Both had well-marked tuberculous lesions.
lOB
2 steers I Controls.
cow No. 600.
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bacilli. As already pointed out by Zwick and Witte(80) in a summary
of the literature, resistance against artificial infection in this way is
of little significance in answering the question of the practical value
of the vaccine. This may be true, but natural infection is so beset
with variables that definite conclusions from experiments under farm
conditions seem unreliable to the writers unless confirmed by controlled
experiments under field laboratory conditions. It is hoped that a
continuation of the investigations on the cattle in the dairy herd
belonging to Mr. H. D. Williamson will add materially to the data
necessary for a definite answer.
For purposes of a comparative grouping of the autopsy findings .in
the 126 animals listed in table 17, a lesion was arbitrarily classed as
slight, well-marked, or extensive in accordance with the standard
listed in the footnote of table 6. When tabulated under such groupings, the results expressed in table 17 were obtained.
TABLE 17
RELATIVE EXTENT OF THE TUBERCULOUS IJESIONS IN CALVES

Type of lesions

Vaccinated*

Controls

Extensive.............................................
Well-marked.......................................
Slight......................................................
None visible..........................................

7t
13
27
13

40t
16
3
1

Total...................................

60

60

Supplementary
eontrolst

5t
1

......
......

6

• Nine of the calves were subjected to infection within 30 days of vaccination (see tables 7A, 9A,
and lOA). If these 9 are eliminated, the tabulated results for vaccinated calves will be changed as follows:
Extensive
6
Well-marked
lO
Slight
23
None visible
12
t In addition to the 60 controls, use was made of 6 calves as supplementary controls; 2 of these had
each been previously treated with an intravenous injection of I gram of heat-killed tubercle bacilli;
each of 2 others had received a subcutaneous injection of 100mg of non virulent acid-fast bacilli in culture
from bovine lymphangitis; and 2 were unvaccinated.
t Includes 9 cases of fatal tuberculosis in controls and 2 in vaccinated calves. These 2 animals had
been vaccinated in the jugular vein and 4 months later .infected through the same channel.

It is evident that the subcutaneous vaccination afforded protection
against the fatal effects of intravenous and subcutaneous infection with'
cultures of virulent bovine tubercle bacilli. On the other hand, the
relatively slight differences between the number of lesions in the
vaccinated and the control calves which had been subjected to repeated
infections through the mouth indicated that no measurable resistance
was afforded by the vaccination to the entrance into the tissues of
virulent tubercle bacilli, but the tissue damage resulting from such
invasion was in most cases less in the vaccinated than in the control
calves.
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The most marked contrasts between the vaccinated and control
calves infected by mouth occurred in th.e groups described in tables
lOA and lOB, in which the tuberculous infection received by the 4
calves 47, 48, 147, and 148, from the milk of the tuberculous udder of
cow No. 2171, was either very virulent or very massive, inasmuch as
both controls died of tuberculosis at 62 and 162 days respectively.
Vaccinated calf No. 47 remained in good general condition and was
butchered 94 days after the first infecting' feeding. Widely distributed
tuberculous lesions were found, but they were not extensive enough to
affect the general condition of the animal. Vaccinated calf No. 48
remained in good general condition until death by accident 246 days
after infection. Only sligh.t lesions of tuberculosis were found.
The failure of the subcutaneous vaccination to produce complete
immunity to tuberculous feeding' infection at the California station
led to some preliminary trials on calves at Berkeley in which BeG
was introduced into the body through intravenous, intradermic, and
oral channels. Tables 11.L4. and lIB show that these methods also
apparently conferred some resistance to feeding infection, but not
appreciably greater than that conferred by subcutaneous vaccination.
Against the fatal effects of intravenous infection, the subcutaneous
method of vaccination was more effective than the intravenous, as
judged by the results tabulated in table 3.
A comparison of the autopsy results on the various groups of
control calves indicates that the prolonged feeding of massive doses of
tubercle bacilli does not usually result in the production of more
extensive lesions than when the feeding' is stopped at the end of 10
feedings. It may be seen from tables 7B, 8B, and 9B that 10 of the 19
control calves which received 10 feedings had extensive lesions, while
only 4 cases of extensive tuberculosis occurred in the 15 control
calves which received 30 to 36 feedings. It should be noted that the
latter 15 calves had received their first 10 feedings from the same
mixtures that were given the first mentioned group of 1Q animals,
These results support the generally, accepted. theory that - the
lesions resulting from the first tubercle bacilli to invade the body tend
to create a resistant power in the tissues against future tuberculous
infection. The results, however, are not entirely in accord' with. the
assertions of Calmette"? that only fresh tuberculous infection." oceur..
ring again and again at short intervals, is able toovercome the natural
barrier of the mesenteric lymph nodes.
'"
The fact that no macroscopic lesions of tuberculosis could he found
in 5 vaccinated heifers (table 14A) which were kept exposed to infection for 3 years at the Williamson Ranch, while tuberculous lesions
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were found in 5 nonvaccinated heifers of approximately the same age
on that ranch tends to support Calmette's claims.
The wt-iters':"? have observed that, under conditions prevailing in
certain parts of California, it is not difficult in tuberculous herds to
rear heifers free from tuberculosis until they calve for the first time.
Owners are then often under the necessity of introducing the diseasefree heifers into the infected milking herds. A possible use for BCG
may be found in the vaccination of such heifers. In. the writers'
opinion, if the resistance conferred is sufficient to prevent the development of open lesions, the problem of reducing the incidence of
tuberculosis to a point where eradication measures may be economical
in such herds will have been solved. In view of this, experiments are
being planned at the California station to further test out the safety
and practicability of vaccinating tuberculosis-free heifers during their
first pregnancy and continuing their revaccination annually after they
have been introduced into herds of tuberculous cattle.

CONCLUSIONS
The subcutaneous vaccination of cattle with 100-mg doses of BCG
conferred sufficient resistance to protect against the fatal effects of
intravenous or subcutaneous injections of virulent tubercle bacilli.
In feeding trials with virulent tubercle bacilli, the vaccinated cattle
showed less extensive lesions, as a rule, than the unvaccinated. The
prolongation of the feeding' of calves with massive doses of virulent
tubercle bacilli apparently had no effect in increasing the number or
size of the tuberculous lesions found on autopsy 4 to 12 months later.
The calves which received from 2 to 10 infecting feedings had just as
extensive lesions, on the whole, as those animals which were fed from
20 to 26 'additional doses of much larger numbers of virulent tubercle
ba.cilli. This was observed in both the vaccinated and nonvaccinated
groups.
Feeding infection experiments with calves following' the intradermic, intravenous, or oral administration of BCG indicated that
these methods of vaccination are not superior to the subcutaneous.
The resista.nce afforded by the vaccine was not sufficient to always
prevent the penetration of the walls of the alimentary tract by
virulent tubercle bacilli. In most cases this induced a caseation of the
cervical and mesenteric lymph nodes. The chief protective effect of
BOG seems to be in retarding the extension of tuberculous processes
occurring from infection received subsequent to vaccination.
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Apparently the subcutaneous method of vaccination has furnished
protection against the development of clinical cases of tuberculosis in
heifers in a tuberculous dairy herd.
The nonprogressive tuberculous changes or the local vaccination
lesions, or both, will render the majority of vaccinated cattle hypersensitive for a time to the intradermal injection of tuberculin, making
such animals temporarily unmarketable in California except for beef.
BCG appears to be somewhat effective in protecting against a
fatal'" termination of massive infection.
The resistance to tuberculosis conferred by subcutaneous, intravenous, intradermic, or oral methods of administration of BCG, as
used at the California station, is not sufficient to justify the use of the
vaccine on cattle where measures designed to eradicate tuberculosis in
cattle are being successfully carried out. On the other hand, in countries or localities where control measures are proving ineffective or
where eradication seems to be hopeless for many years in the future,
the vaccine may eventually be found of economic value to cattle owners
by preventing the occurrence of extensive or fatal lesions and by
limiting the spread of the disease.
Observations of the effect of BCG in cattle, swine, rabbits, and
guinea pigs at the California Agricultural Experiment Station have
thus far failed to detect the production of any lesions which could be
proved to be virulent by reinoculation.
10 The observation that subcutaneous vaccination with BOG protects against the
fatal effects of tuberculosis is supported by unpublished results obtained in the
routine vaccination of monkeys kept at the George Williams Hooper Foundation
for Medical Research, University of California, under the direction of K. F. Meyer.
The vaccine used on the monkeys was made at the California Agricultural Experiment Station and was similar to that employed in the ca~tle experiments.
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Fig. 4

Fig. 5
Figs. 4 and 5. Appearance of the tuberculous lesions in the necks of vaccinated calves 5 and 6, 60 days after the subcutaneous injection of 50 mg of
virulent tubercle bacilli into the left side of the neck. Compare with figures 6
and 7.
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Fig. 6

Fig. 7
Figs. 6 and 7. N onvaccinatec1 control calves 105 and 106, showing appearance
60 days after the inj ection of 50 mg of tubercle bacilli.
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Fig. 8. Abscess in the dewlap (calf No. 1114) typical of the usual effect
from the injection of 100 mg of BCG. Eight months after injection, on the day
the above photograph was taken, the abscess and its surrounding tissues were
removed surgically.
Jrrtradermie hypersensitiveness to tuberculin gradually
decreased in this calf, although after 18 months the animal was found to be still
slightly hypersensitive to ophthalmic and intradermic applications of tuberculin.
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Fig. 9. Section of the left fore quarter of the udder of cow No. 600, showing
extensive tuberculous "lesions. The right rear quarter of this cow was similarly
affected. The milk from this cow was used for infection feedings on vaccinated
calves 45 and 46 and nonvaccinated control calves 145 and 146, and resulted in
moderate tuberculous lesions in all four. See tables lOA and lOB.
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Fig. 10. Appearance of the udder of cow No. 2171 on November 23, 1927.
Tuberculous induration had distended the right rear quarter so that the teat of
that quarter was shortened and displaced toward the left and to the front. The
milk from this cow was used for infection feedings on vaccinated calves 47 and
48 and nonvaccinated control calves 147 and 148, and resulted in well-marked or
extensive infection in all four. The vaccinated calves remained in good general
condition. The nonvaccinated controls died of tuberculosis. See tables lOA
and-lOB.
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Fig. 11. Typical lesions caused by the injection of 100 mg BeG into the
dewlaps of calves. Cross sections actual size. Upper from calf No. 38, removed
at autopsy 246 days after vaccination (see table 8A). Lower from calf No. 31,
removed 447 days after vaccination (see table 8A). Acid-fast bacilli were
abundant in smears from these lesions.
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See page 393 for illustrations.
F'ig. 12. Transections of mesenteric and ileocecal lymph-nodes, showing
caseous and caseocalcareous areas, The normal tissues have been partially trimed
away. This illustration shows in natural size all of the tuberculous lesions found
in vaccinated calf No. 38. Compare with lesion symbols for this calf in table 8.A.
Fig. 13. Transections of caseous and caseocalcareous lymph nodes from control calf No. 138. Left to right, top row, left retropharyngeal, right prescapular,
righ t retropharyngeal; second row, anterior and median mediastina 1 and three
mesenterio ; third row, five mesenteric; lowest row, two mesenteric, one colic, one
gastrohepatic. The normal tissue has been partially trimmed away from each node
shown. No lesions were found in calf No. 138 other than those shown in figures
13 and 14, except in the retropharyngeals which were studded throughout as
shown on the cut surfaces in figure 13. (Natural size.)
Fig. 14. Appearance, natural size, of a caseous nodule in a Peyer's patch,
i leum of calf No. 138. The mucous membrane has been removed to show the
caseous material beneath. Acid-fast bacilli were demonstrated to be present in
large numbers and inoculated guinea pigs developed tuberculosis.
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Fig. 13

Fig. 14

See page 392 for explanation .of above.
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Fig. 16

.

Fig. 17

~

Fig. 18

Fig. 15. Appearance of the surface of a portion of the lung, natural size,
pleura intact, of calf No. 82 (see table 15). The white specks are lesions resulting
from the intravenous injection of BOG. Calf No. 82 was butchered while in
apparently good health 30 days after the injection of 100 mg of BOG into a
jugular vein.
Fig. 16. Appearance of a section through one of the nodules in the lung of
calf No. 82. The black mass in the center consisted of clumped acid -fast bacilli.
Staining: Ziehl-Neelsen and methylene blue. (Enlarged 20 x.)
Fig. 17. Appearance of the surface of the lung, pleura intact, of swine A,
showing a typical nodule caused by BOG (see table 15). (Enlarged 5 x.)
Fig. 18. Appearance of a section through one of the nodules in the lung of
swine A. The dark mass in the center consisted chiefly of acid-fast bacilli
Staining: Ziehl-Neels en and methylene blue. (Enlarged 40 x.)

!'he titles of the Technical Papers of the Oalifornia Agricultural Experiment
Station, Nos. 1 to 20, which HILGARDIA replaces, and copies of which ma~
be had on application to the Publication Secretary, Agricultural Experiment
Station, Berkeley, are as follows:
1. The Removal of Sodium Carbonate from Solls, by Walter P. Kelley and
Edward E. Thomas. January, 1923.
4. Effect of Sodium Chlorid and Calcium Chlorid upon the Growth and Oomposition of Young Orange Trees, by B. S. Reed and A. R. O. Baas.
April, 1923.
6. Citrus Blast and Black Pit, by H. S. Fawcett, W. T. Horne, and A. F. Oamp.
May, 1923.
6. A Study of Deciduous Frnit Tree Rootstocks with Special Reference to
Their Identiflcation, by Myer J. Heppner. June, 1923.
7. A Study of the Darkening of Apple Tissue, by E. L. Overholser and W. V.
Crucss. J'une, 1923.
8. E1fect of Salts on the Intake of Inorganic Elements and on the Butter
System of the Plant, by D. B. Hoagland and J. C. Martin. July, 1923.
9. Experiments on the Reclamation of Alkali Soils by Leaching with Water
and Gypsum, by P. L. Hibbard. August, 1923.
10. The Seasonal Variation of the Soil Moisture in a Walnut Grove in Relation
to IIygroscopic Coe1ncient, by L. D. Batchelor and H. S. Reed. September, 1923.
11. Studies on the Effects of Sodium, Potassium, and Calcium on Young Orange
Trees, by H. S. Reed and A. R. C. Haas. October, 1923.
12. The Effect of the Plant on the Reaction of tlie Culture Solution, by D. B.
Hoagland. November, 1923.
18. Some Mutual Effects on Sol1 and Plant Induced by Added Solutes, by John
S. Burd and :I. C. Martin. December, 1923.
14. The Respiration of Potato Tubers in Relation to the Occurrence of Blackheart, by :I. P. Bennett and E. T. Bartholomew. January, 1924.
16. Replaceable Bases in Soils, by Walter P. Kelley and S. Melvin Brown.
February, 1924.
16. The Moisture Equivalent as Influenced by the Amount of SoU Used in ita
Determination, by F. J. Veihmeyer, O. W. Israelsen and J. P. Conrad.
September, 1924.
17. Nutrient and Toxic Effects of Certain Ions on Oitrus and Walnut Treel
with Especial Reference to the Concentration and Ph of the Medium, bJ'
H. S. Reed and A. R. C. Haas. October, 1924.
18. Factors Inl1uencing tho Rate of Germination of Seed of Asparagus 01ftclnalis, by H. A. Borthwick. March, 1925.
19. The Relation of the Subcutaneous Administration of Living Bacterium
abortum to the Immunity and Carrier Problem of Bovine InfectioUi
Abortion, by George H. Bart and Jacob Traum. April, 1925.
20. A Study of the Conductive Tissues in Shoots of the Bartlett Pear and the
Relationship of Food Movement to Dominance of the Apical Buds, b7
Frank E. Gardner. April, 1925.

