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It was reported from this laboratory that
disruption of viable BCG suspended in light
mineral oil led to isolation of a product, con-
sisting predominantly of cell walls, which
could be heat-sterilized with retention of im-
munogenic potency for mice(1). In contrast
to these findings, Youmans et al(2-5) iso-
lated from viable BCG or H37Ra after me-
chanical disruption of the cells in buffered
aqueous sucrose solution cytoplasmic particles
which were immunogenic for mice. This frac-
tion was reported to lose its protective capa-
city following heat sterilization.

The two types of vaccines reported above
cannot be directly compared from the data
reported, because different criteria were
chosen in evaluation of protective potency.
In the test used to evaluate the oil disrup-
tion product, mice were vaccinated intra-
venously and later challenged with an aerosol
containing a few virulent bacilli(6). After
this type of challenge, tuberculosis takes a
relatively mild course; the animals are sacri-
ficed to determine the presence or absence
of visible tuberculous lesions in lungs and
the number of virulent tubercle bacilli in

* Present address: Stella Duncan Memorial Insti-
tute, Montana State Univ., Missoula.

lungs and spleens. The dose of the oil dis-
ruption product needed to produce significant
protection was about 100 ug (dry weight).
The assay employed by Youmans to deter-
mine the immunogenicity of the particulate
fraction was based on intravenous challenge
of vaccinated and control mice with massive
doses of virulent tubercle bacilli. This type
of tuberculosis is much more severe than that
induced by pulmonary challenge, and the
effectiveness of the vaccine is judged by the
number of mice that survive 30 days after
challenge or by the median survival times.
In this test, Youmans’ particulate fraction
was protective only at a dose of 20 mg (moist
weight) administered intraperitoneally.

In view of the apparent differences between
the two vaccines, it seemed advisable to com-
pare their immunogenicity by preparing the
oil disruption product and the particulate
fraction from the same starting lot of cells
and testing the preparations in parallel, to-
gether with Rosenthal’s viable BCG vaccine,
in both of the above mentioned assays.

Materials and methods. Preparation of
vaccines. a) Particulate fraction and oil dis-
ruption product from BCG. A strain of BCG
from the Pasteur Institute, which had been
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maintained and stored on Sauton’s potato
medium, was subcultured once in Sauton’s
liquid medium, grown as pellicle culture on
this medium for 10 days, and harvested on
a sterile gauze filter supported on a stainless
steel screen. The moist harvest was divided
and 25 g were used to prepare the particu-
late fraction(5). All procedures were per-
formed at temperatures not higher than 4°C.
The final pellet, consisting of the particulate
fraction, was suspended in 0.01 M phosphate
buffer (pH 7.0) and stored in the cold for
one day prior to use in animal experiments,
The equivalent of 27 mg moist particulate
fraction was plated on Dubos’ albumin agar.
An average of 17.5 viable acid-fast bacilli
per mg (moist weight) were detected.

The remaining 25 g of the moist cell mass
were suspended in mineral oil (light liquid
petrolatum N.F.) to a volume of 100 ml
and ruptured in the Sorvall refrigerated pres-
sure cell at a pressure of 40,000 psi at 5-
10°C. The effluent was centrifuged in a Sor-
vall SS-34 rotor at 13,000 RPM (20,000 g)
for one hour to collect the oil-insoluble prod-
ucts. These were washed 3 times with light
mineral oil by resuspension and centrifuga-
tion, then resuspended to a final concentra-
tion of 100 mg per ml (moist weight) in
saline containing 0.2% “Tween 80” and
heated for 30 minutes at 65°C. Twenty-
seven mg of the material gave no growth
upon culture for acid-fast organisms. This
preparation was termed “oil disruption
product.”

b) Particulate fraction and oil disruption
product from H37Ra. The H37Ra strain
used for this experiment (obtained from Dr,
W. Steenken, Trudeau Institute, New York)
had been maintained on Petragnani’s medium.
It was subcultured twice on Sauton’s liquid
medium and then grown as pellicle cultures
on modified Proskauer and Beck medium at
pH 7.0(7). The 4-week-old cultures were
harvested on sterile gauze filters and washed
on the filters with 0.01 M phosphate buffer,
pH 7.0(5). A portion of the cell mass (80 g)
was processed to prepare the particulate frac-
tion in the same manner as described for
BCG. The final particulate fraction was sus-
pended in 0.01 M phosphate buffer (pH 7.0)
and stored in the frozen state until used for
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animal experimentation. When 27 mg of
moist particulate fraction was plated on
Dubos’ albumin agar, an average of 1000
viable acid-fast bacilli per mg was detected.

The breakup residue, or first sediment
(5000 RPM, 3,900 X g), of the cells pro-
cessed in the Waring blendor and the Sorvall
pressure cell, which consisted predominantly
of cell walls, was not discarded but sus-
pended in saline containing 0.2% “Tween
80,” heated for 30 minutes at 65°C and
tested in animals. Upon culturing, 3 mg of
the product was found free of viable acid-fast
organisms.

The remainder of the harvested and washed
cell mass (10 g) was suspended in mineral
oil to give a volume of 50 ml processed to
prepare the oil disruption product in the
same manner as described for BCG. Upon
culturing, 27 mg of the final product was
found to be free of viable acid-fast organisms.

Immunity tests. Female albino Swiss mice,
22 to 25 days of age, from the colony of
the Rocky Mountain Laboratory, were em-
ployed in all protection tests.

a) Protection of mice against massive in-
travenous challenge with virulent Mycobac-
terium tuberculosis. The procedure used by
Youmans and Youmans(5) was followed.
Mice in groups of 20 were inoculated intra-
peritoneally with 0.2 ml volumes containing
graded doses of the various bacillary frac-
tions, and challenged intravenously 4 weeks
later with 1 mg (moist weight) of a suspen-
sion of virulent M. tuberculosis, H37Rv
(strain obtained from Dr. W. Steenken).
The challenge doses of H37Rv for mice im-
munized with the BCG products or the
H37Ra products were 2.4 X 107 and 7.2
X 107 viable particles, respectively. The
acquired resistance usually was measured on
the basis of mice which survived for 30 days
(2-5). In cases where the degree of im-
munity was low and more than 50% of the
mice died within the first 30 or 60 days after
challenge, vaccine efficacy was measured by
comparing median survival times of vacci-
nated and control mice using the method of
Litchfield(8).

b) Protection of mice against exposure to
aerosols containing virulent M. tuberculosis.
Mice in groups of 20 were vaccinated intra-
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TABLE I.
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Protection of Mice Against Massive Intravenous Challenge with Virulent Tubercle Bacilli

Given 4 Weeks After Intraperitoneal Immunization with Particulate Fraction or Oil Disruption Product
. from BCG, or Living BCG.

—————- Results after challenge with 2.4 X 107 virulent H37Rv ———

E 30 days

Median survival time

-~ 60 days -

Median survival time

Vaeeine Dose Survivors (95% confidence limits) Survivors (95% confidence limits)
(mg*) (%) (days) (%) (days)
Particulate fraction  20.0 85 — 15 56.6 (47.6-67.4)
5.0 60 — 35 40.0 (27.8-59.6)
1.25 45 25.8 (21.2-31.4) 10 27.7 (20.5-37.4)
Oil disruption prod- 20,0 100 — 95 —
uet, heated 5.0 100 — 810) —
1.25 100 — 85 —
Living BCG 21 80 — 60 —
Controls None 30 20.9 (18.0-24.5) 25 20.9 (18.0-24.3)

* Moist weight, 20 mice per dose.

venously with 0.2 ml volumes containing
graded doses of the various bacillary frac-
tions. Four weeks later the mice from each
group, together with unvaccinated control
mice, were challenged by exposure to an
aerosol containing virulent M. tuberculosis,
H37Rv, in a Middlebrook apparatus by pro-
cedures previously described(6). Four weeks
after challenge, all mice were sacrificed and
examined for the presence of pulmonary
tubercles. The lungs of 10 mice from each
group of animals vaccinated with fractions
prepared from BCG and nonvaccinated con-
trols were cultured to determine the number
of virulent tubercle bacilli present per gram
of homogenized lung tissue.

In both types of protection test, mice were
also inoculated with 0.2 mg (moist weight)
of a standardized living BCG vaccine sup-
plied by Dr. Rosenthal, Tice Laboratory,
Chicago, Ill. This dose contained 7.7 X} 10°%
viable particles, as determined at time of
inoculation.

Results. (1) Comparison of immunogeni-
city of particulate fraction with that of oil
disruption product. The immunizing poten-
cies of these fractions prepared from BCG
and that of a living BCG standard vaccine,
as determined by the method of Youmans,
are compared in Table I. Of the mice re-
ceiving 20 mg moist particulate fraction 85%
survived for the 30-day period. Since 30%
of the nonimmunized control mice survived
for 30 days, the immune response to the
particulate fraction prepared in this labora-

t 7.7 X 10° viable count,

tory was comparable to that reported by
Youmans(2-5). The dose response was note-
worthy: 60% and 45% of the mice given
5 mg and 1.25 mg, respectively, survived.
In contrast, no mice which received the oil
disruption product died, even at the lowest
dose level of 1.25 mg. This protection ap-
peared superior to that afforded by 0.2 mg
moist BCG standard which contained 7.7 X
10% viable organisms. Instead of concluding
the test at the end of the 30-day period, the
mice were observed for an additional 30
days (Table I). At each dose level, only
5% to 20% of the mice immunized with oil
disruption product had died, whereas 55%
to 909% of those animals immunized with
the cytoplasmic particulate fraction had died.

Wherever possible, median survival times
and their 95% confidence limits(8) were also
determined and are included in Table 1.
They are applicable only to the particulate
fraction and show significant differences from
the controls only in groups receiving the 2
higher doses. After 70 days, more than 50%
of all groups of mice vaccinated with oil dis-
ruption product were still alive whereas those
receiving even 20 mg of particulate fraction
had no more survivors than the controls.

In a repeated test, which included an addi-
tional 4-fold dilution of oil disruption prod-
uct, all normal control animals died and as
little as 0.31 mg moist weight (equivalent to
about 60 pg dry weight), still afforded pro-
tection almost equal to that of the highest
dose.
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FIG. 1. Protection of mice against air-borne
challenge with virulent tubercle bacilli by intra-
venous vaccination with the particulate fraetion
from BCG, oil disruption product from BCG, or
living BCG. Comparison of number of virulent
organisms per 100 mg of lung tissue and number of
mice with lung lesions 4 wk after challenge. (Each
bar represents one mouse.)

In our experience, it has not been possible
to isolate sterile particulate fractions from
disrupted BCG by following the centrifuga-
tion procedures outlined by Youmans(5).
Thus, the effective mouse dose (20 mg, moist
weight) of the particulate fraction used in
the above described protection test contained
approximately 350 viable cells.

Results of the protection test based on
immunization by the intravenous route and
challenge by exposure to aerosols containing
virulent bacilli are presented in Fig. 1. The
number of mice with lung lesions and the
number of virulent tubercle bacilli preses
per gram of homogenizing lung tissue in mice
vaccinated with 4, 2, or 1 mg each of par-
ticulate fraction or oil disruption product, or
with 0.2 mg living BCG were determined 4
weeks after challenge. Eighty-five to 90%
of the mice vaccinated with oil disruption
product and about 80% of those vaccinated
with living BCG were found to be free of
pulmonary lesions, whereas such lesions were
found in all of the mice immunized with the
particulate fraction. The bar diagram shows
that lungs of mice vaccinated with oil dis-
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ruption product or viable BCG harbored con-
siderably fewer virulent bacilli than those of
mice vaccinated with the particulate fraction
or of nonvaccinated control mice. To ana-
lyze data presented in Fig. 1, the median
number of bacilli was determined for com-
bined groups (first step of the median test)
(9). When combining the results for each
of the 3 groups of mice which had been given
the particulate fraction with those of the
control group, one-half of each group’s scores
were above the median and one-half were
below. This test failed to show any difference
between control mice and mice immunized
with the particulate fraction, insofar as num-
bers of tubercle bacilli in the lungs were con-
cerned. In the case of the oil disruption
product, however, at each dose level, lungs
of 9 out of 10 animals had a lower viable
cell count than the combined median, and
lungs of 9 out of 10 control animals contained
more viable cells than the combined median.
The Fisher exact probability test was chosen
to analyze the data split at the median. The
computed probability of occurrence by chance
alone (p = 0.0005) is interpreted as evi-
dence that significant protection had been
afforded by the oil disruption product. A
similar level of probability (p = 0.0002) was
computed from the combined median of the
lung culture data of the group of mice vac-
cinated with BCG and of the group of con-
trol mice. The same method indicated that
the difference between values for mice given
oil disruption product in any of the 3 doses,
and for those given viable BCG was not
significant.

(2) Immunogenicity of particulate fraction
compared with oil disruption product pre-

pared from H37Ra. We also compared the

immunogenicity of a particulate fraction from
H37Ra with that of oil disruption product
prepared from the same culture, since the
former has been reported to yield more con-
sistent results in protection tests than the
corresponding fraction isolated from BCG
(3). For preparation of the particulate frac-
tion from H37Ra, it was considered essential
not only to adhere to procedures by which
it was isolated from bacilli by Youmans and
co-workers but also to follow their procedures
for cultivating the cells. Since the heat-labile
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TABLE II. Protection of Mice Immunized with Fractions from H37Ra or Living BCG and Challenged
4 Weeks Later with Virulent Tubercle Bacilli.

Intraperitoneal immunization,

Intravenous immunization,
aerosol challenge

intravenous challenge with with H37Rv
7.2 X 10" H37Rv Animals with-
Immuniz- No.of Survi- Median survival time Immuniz- out lung
Vaecine ing dose  mice vorst (95% confidence limits)  ing dose lesions}
(mg*) (%) (days) (mgt) (%)
Particulate fraction 20.0 20 60 — 4.0 0
5.0 20 30 18.6 (17.5-19.8) 2.0 0
1.25 20 20 20.4 (18.7-22.3) 1.0 0
Insoluble eell residue 20.0 20 80 — 4.0 0
of particulate frac- 5.0 20 95 — 2.0 0
tion, heated 1.25 20 45 — 1.0 0
0il disruption produect, 20.0 20 80 — 4.0 90
unheated 5.0 20 80 — 2.0 100
1.25 18 61 — 1.0 90
Qil disruption product, 20.0 20 70 — 4.0 100
heated 5.0 17 77 — 2.0 80
1.25 20 55 — 1.0 80
Living BCG 29 19 58 — 29 80
Controls None 40 5 19.0 (18.6-20.0) None 0
* Moist wt. } 30 days after challenge.
t 7 7 10 mice per dose. § 7.7 X 10° viable cells.

particulate fraction is described as being of
protoplasmic origin, and the heat-stable re-
sistance-enhancing activity of oil disruption
product is assumed to be a cell wall constitu-
ent, we also examined the immunogenicity
of the insoluble residue from the particulate
fraction. This residue, which consisted of
cell walls and unbroken cells, was sterilized
by treatment with heat. Finally, it was con-
sidered worthwhile to test the oil disruption
product both before and after heat treat-
ment.

The particulate fraction from H37Ra,
which was subsequently prepared for this
study according to the procedure outlined
above, was found to contain far more viable
cells than the corresponding fraction from
BCG described in the first section of results
(approximately 20,000 cells and 350 cells per
mouse dose of 20 mg, respectively), even
though the former had been filtered through
a Millipore® membrane filter of 0.45 pu po-
rosity (5). A possible explanation for this
difference lies in the observation that, under
these conditions, cells of H37Ra are consider-
ably shorter than those of BCG and probably
have a different sedimentation rate.

Results of the protection test based on

intraperitoneal immunization and intravenous
challenge with a large dose of virulent H37Rv
are given in Table II. Again, as in the case
of the particulate fraction from BCG reported
in this work, the immune response to the 20
mg dose of the corresponding fraction from
H37Ra was comparable to that reported in
the literature(2-5). Although more mice of
the groups given 5 mg and 1.25 mg of the
particulate fraction survived for 30 days than
did animals of the nonimmunized control
group, median survival times of the two
groups did not differ significantly. (Note the
markedly small range between upper and
lower 95% confidence limits.) In contrast,
median survival time of mice given the small-
est dose of oil disruption product (1.25 mg)
was greater than 30 days, and the protection
this dose afforded appeared to equal that
of the living BCG standard.

The finding that heat treatment did not
impair the protective ability of the oil dis-
ruption product was not surprising; however,
it was rather unexpected to find that the
heat treated, insoluble residue remaining after
removal of the particulate fraction provided,
in this test, protection superior to that of
the particulate fraction itself.
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Results of the protection test which con-
sisted of intravenous immunization and chal-
lenge by aerosol containing virulent H37Rv
also are listed in Table II. All of the mice
immunized with the particulate fraction had
pulmonary lesions, whereas only 0-20% of
the mice immunized with oil disruption prod-
uct and 20% of the mice given viable BCG
had pulmonary lesions. Thus, as in the case
of the particulate fraction from BCG, the
corresponding fraction from H37Ra gave
little or no protection in this test. Also with-
out effect was the heated, insoluble residue
from which the particulate fraction had been
prepared and which consisted predominantly
of cell walls. Since rupture of the starting
organisms leading to this fraction had been
performed in buffered sucrose, this finding is
in agreement with results reported elsewhere
(1,10) that cell walls prepared by disrupting
organisms in aqueous menstrua instead of in
oil provided very little, if any, protection in
the test with pulmonary challenge.

(3) Tests for delayed hypersensitivity to
PPD produced by oil disruption product from
BCG. Guinea pigs in groups of 6 were vac-
cinated subcutaneously, intravenously, or
intraperitoneally with 0.2 mg, moist weight,
viable BCG or 15 mg, moist weight, of the
same batch of oil disruption product from
BCG wused in the test for immunogenicity
in mice. The viable BCG cells were adminis-
tered at the standard dose level which was
used in the mouse protection test, whereas
the dose of oil disruption product employed
in this test for sensitivity exceeded by a
ratio of 15 to 1 that required to produce
significant protection in mice. Subcutaneous
and intravenous administration of the oil
disruption product was performed in either
a single dose or in 2 or 3 doses four days
apart. Five weeks after the last vaccination,
the animals were inoculated intradermally
with serial 5-fold dilutions containing PPD
in amounts ranging from 1 to 0.008 pg. The
lesions which did not disappear within 48
hours after challenge with PPD were typical
delayed reactions, Any lesion with indura-
tion less than 0.4 mm in thickness was con-
sidered negative. Five out of 6 animals vac-
cinated subcutaneously with 0.2 mg viable
BCG standard reacted to 0.2 ug, whereas
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none of the 18 animals vaccinated with 15
mg of oil disruption product reacted to this
dose of PPD and only 2 out of these 18
animals reacted to a 5-fold larger dose of
PPD (1 ug). The skin reactions of the ani-
mals immunized with BCG to 0.2 pg of
PPD varied in thickness from 0.4 to 1.2 mm
and the area of induration from 8 X 10 to
12 X 12 mm. The lesions of the 2 animals
vaccinated with oil disruption product which
reacted to 1 pg of PPD were 0.7 mm thick
and the areas of induration were 7 X 8 mm
and 12 X 13 mm, respectively. From these
results, it is evident that the oil disruption
product was considerably less active in sensi-
tizing guinea pigs against PPD than was the
viable BCG vaccine. Essentially the same
results were obtained when the oil disruption
product was administered intravenously.
Sensitivity to PPD for both BCG and oil
disruption product vaccinated animals was
greater when the intraperitoneal rather than
the conventional subcutaneous route was used
to administer the vaccines.

Discussion. The protective value of BCG
has been consistently confirmed in a large
number of different experimental hosts among
which a varying degree of susceptibility and
natural resistance is to be expected. To eval-
uate the effectiveness of nonviable vaccines,
it is considered necessary, therefore, always
to compare their effect in parallel dose re-
sponse assays with the viable cell vaccine.
In experimental infections for evaluation of
prophylactic agents, the results observed may
be strongly influenced by the choice of ani-
mal, route of inoculation, interval between
vaccination and challenge, size of challenge
dose and other conditions of the test. In
tuberculosis, the choice of the mouse as an
experimental host appears well justified(11,
12). The test system so far preferred in ex-
perimental tuberculosis has been based on
massive intravenous challenge. Significantly
longer survival times in vaccinated than in
unvaccinated animals provided quantitation
of the resistance stimulated by the vaccines.
The test fails, however, to reveal the mecha-
nism by which a vaccine exerts its effect, for
example, whether the protection is specific
or nonspecific. The desirability of develop-
ing a test in which the infection occurring
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from the challenge takes a milder course than
in animals challenged by the above method
and yet permits quantitative differentiation
between vaccinated and nonvaccinated ani-
mals was stressed by Bloch(12). According
to this author, small infective doses would
more closely duplicate conditions which pre-
vail in the great majority of cases of human
tuberculosis, The test system used in this
laboratory, which is based on pulmonary
challenge of mice by a few virulent tubercle
bacilli, appeared to meet these requirements.
Indeed, according to the results described
here and elsewhere(10), we consider this
test system to be the most valid now avail-
able for evaluating the relative efficacies of
nonliving and living vaccines against experi-
mental tuberculosis. In this test, nonspecific
antigens such as Bordetella pertussis vaccine
and endotoxin prepared from Salmonella are
without value and interference does not ap-
pear to be the mechanism of protection(6).
Under the conditions of the aerosol challenge
test, the lungs of unprotected mice show nu-
merous grossly visible lesions and the organs
contain many tubercle bacilli. Mice given a
good vaccine, such as viable BCG or H37Ra
or oil disruption product, have few, if any,
lung lesions and harbor relatively few of the
pathogens in their tissue. Based on these
criteria, heat-killed whole cells, with or with-
out treatment with light mineral oil, stimu-
lated only moderate resistance(10); cell walls
and protoplasm isolated from BCG ruptured
in aqueous suspensions(1) and Neégre-type
methanol extracts(10) were without effect.
As reported here, the same was true for the
Youmans-type particulate fraction even when
administered in 20 mg doses. At this dose
level the particulate fraction stimulated con-
siderable resistance in the massive challenge
test but conferred no protection at dose levels
at which the viable BCG and oil disruption
product proved effective. Using massive chal-
lenge, but intravenous instead of intraperi-
toneal immunization, we obtained essentially
similar results (not reported here). On a
weight basis, therefore, oil disruption product
approached or equalled live vaccine in ability
to produce all of the phenomena that have
so far been used in our laboratory as criteria
to judge the effectiveness of experimental

VacciNnaTION AcaIiNsT EXPERIMENTAL TUBERCULOSIS

vaccination. Future work plans include at-
tempts to immunize animals with aerosols
prepared from oil disruption product and to
gain information on the length of time dur-
ing which immunization with this vaccine is
effective.

In our experience, it has not been possible
to prepare sterile Youmans-type particulate
fractions from either disrupted BCG or
H37Ra by following the centrifugation and
filtration procedures outlined by Youmans
et al(5). Although we found up to 20,000
viable acid-fast organisms per mouse dose
of the particulate fraction from H37Ra, this
number of viable cells has been reported to
be much too small to produce a detectable
immune response(2,3).

Additional experiments (not reported here)
showed that treatment of the protoplasmic
particulate fraction with oil did not enhance
its protective potency in either the massive
or aerosol challenge test. Whether the low-
level protection stimulated by the particulate
fraction is attributed to a substance which
differs from the antigen responsible for im-
munity afforded by oil disruption product or
whether the vaccine potency can be attrib-
uted to the same component(s), present in
the particulate fraction in low concentration,
is not known.

Resistance-enhancing properties of vaccine
preparations described in the literature, with
the exception of Neégre’s methanol extract
(13) and Youmans’ particulate fraction(14),
were always accompanied by ability to sensi-
tize to tuberculin (e.g., Smith ef al(15)).
This property is expected for vaccines con-
sisting of living or dead bacilli or purified
allergenic factors derived from them(12).
The above two extracts, which did not sensi-
tize guinea pigs to tuberculin although they
afforded protection of mice against massive
challenge with virulent tubercle bacilli, did
not protect mice against infection by the pul-
monary route. The oil disruption product was
effective in relatively small nonsensitizing
doses in both types of protection test. It
is noteworthy that the cell walls isolated
from BCG disrupted in aqueous menstrua
instead of oil are highly allergenic(16-18)
and afford significant protection in tests em-
ploying massive challenge, as reported by
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Kotani et al(17) and confirmed in this work,
but afford poor protection in the pulmonary
challenge test(1,10). The effect of oil is not
vet understood. Work in progress has shown
that removal of most of the oil from an oil
disruption product by extracting it with
petroleum ether in a Soxhlet apparatus did
not impair the resistance-enhancing potency
or restore allergenicity.

Summary. The protective values against
experimental tuberculosis in mice of You-
mans’ cytoplasmic particulate fraction and of
oil disruption product, both prepared from
the same lots of Mycobacterium tuberculosis,
strains BCG and H37Ra, were tested in par-
allel with viable BCG vaccine. Two tests
were employed, one based on intravenous
challenge with large doses and the other on
pulmonary challenge with a few virulent
tubercle bacilli (H37Rv). Results are pre-
sented demonstrating that the vaccine effi-
cacy of the oil disruption product approached
or equalled that of similar doses of viable
BCG by all criteria used to estimate the
response, while its ability to sensitize guinea
pigs to PPD was considerably less than that
of viable BCG. The cytoplasmic particulate
fraction prepared according to the method of
Youmans et al, while effective at high dose
levels in the massive challenge test, was .not
effective in the aerosol challenge test. In
contrast to the particulate fraction, steriliza-
tion by heat did not impair the protective
potency of oil disruption product.

The authors express gratitude to the Montana
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The transmucosal movement of aromatic
amino acids and glucose by mammalian and
amphibian intestine has been widely reported
and is considered to be an active process.
Little is known about the intestinal transport
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