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THE SEROLOGICAL RESPONSE IN RABBITS TO LIVE, IRRADIATED,

HEAT-KILLED AND COMPOSITE MYCOBACTERIAL VACCINES
By Iwvan Kochan
ABSTRACT

Antibody formation in four groups of five rabbits
after vaccination with live, irradiated, heat-killed or com=-
posite BCG vaccine was measured, over a period of 8=-14 weeks,
using the hemagglutination test of Middlebrook and Dubos.
Hemagglutinins varied in titer and in duration with each of
the vaccines employed. The range in titer was 0-1:256 in
series I with live vaccine, 0-1:256 in series II with irra-
diated vaccine, 0-1:64 in series III with heat-killed vaccine
and O0-1:32 in series IV with composite vaccine. A mean titer
of 1:16 or higher was maintained in series I for eight weeks,
in series II for 11 weeks, in series III for three weeks and
in series IV for one week. The serological response in four
rabbits to a series of intravenous injections of heat=killed
tubercle bacilli was much higher in titer than to a single
percutaneous vaccination. The results indicate that the
hemagglutination test may be useful for estimating the degree
of serological response, and consequently for evaluating
various mycobacterial vaccines,

In an attempt to develop a standard hemagglutination



procedure for this work, it was found that the Hull 0.T.

(human) was a more effective sensitizing agent than the other
0ld Tuberculins tested and that phosphate buffered saline as
a diluent was more satisfactory than buffered isotonic saline.
Sera inactivated before storage and sera inactivated after

storage produced essentially the same titer.
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INTRODUCTION

In the‘study of tuberculosis in the past and parti-
cularly in recent years, while prophylaxis and therapy have
advanced extensively, immunity has not undergone a parallel
development. A specific and sensitive serological test is

required for determining the degree of induced immunity, for

diagnosis and for assessing the extent of tuberculous lesions.

For these purposes agglutination, precipitation and complement

fixation tests have been applied and were discarded in the
course of time because the methods proved to be unreliable.
In 1948 Middlebrook and Dubos (39) revived interest in the
serological aspects of tuberculosis by developing a method
based on specific serum agglutination of sheep's red blood
cells previously treated with extracts of baciilio The pro-
cedure, generally referred to as the hemagglutination test,
was recommended for determining serological response in the
disease, For the most part the test has been investigated
with regard to its clinical application and results indicate
that it is diagnostically not significant. However, more
specific and consistent antibody levels were determined by
the hemagglutination test than by any other serological re-
action. For this reason the test offers another means for

the assessment of response to vaccination and for the study



of the basic aspects of immunology.

Various prophylactic vaccination methods employed from
the time of Koch's demonstration of tubercle bacilli (34)
have been considéred not satisfactory. In 1922 Calmette and
Guerin (11) recommended the use of an attenuated bovine strain
for vaccination and most authorities agree that the strain,
BCG, has some protective value as determined by survival tests
and epidemiological studies. The ever present possibility of
the resumption of virulence within the body by attenuated
organisms has prompted some workers (55, 43, 42, 49) to ad-
vocate vaccines prepared from killed'tubercle bacilli.

This study was undertaken to determine the immunolo-
gical response, as measured by the hemagglutination test, to
vaccination in rabbits with live, irradiated and heat=killed

tubercle bacilli.



HISTORICAL

The Great White Plague of two thousand years ago was
put on a sound scientific basis by R. Koch when, in March 1882,
he reported the isolation of the tubercle bacillus and pre-
sented experimental evidence proving its infectious nature.,
Since then many workers have attempted to prevent the disease
by immunization with vaccines prepared with live, killed or
attenuated bacilli and by applying different techniques.
Serological methods were employed for the evaluation of im-
munization as well as for the diagnosis of tuberculosis, but
were discarded in the course of time because of their lack
of specificity. The protection test, which measured the
survival time of a vaccinated animal to a lethal dose of
tubercle bacilli, was used for the estimation of resistance
against the disease. The lack of a method to measure the
serological response over a period of time has hindered the
development and understanding of the basic immunological

problems in tuberculosis.

Mycobacterial Vaccines.
The first attempts to produce resistance were confined
almost exclusively to the use of weakened human and bovine

types of tubercle bacilli. Grancher and Martin (26) used



bovine bacilli attenuated by prolonged growth on artificial

media for the vaccination of rabbits. Several subcutaneous
injections were made in series, each injection containing
younger and thus more virulent bacilli. After an interval,
the vaccinated rabbits which were injected with virulent
tubercle bacilli survived longer than the controls. Pearson
and Gilliland (44) showed that different strains varied in
immunological properties, as for example avian bacilli did
not confer significant immunity upon cattle. Also, they
pointed out that human tubercle bacilli incubated in a col-
lodion capsule in the abdominal cavity of a bull for seveﬁ
months protected cattle against the human virulent strain.
These workers therefore advocated vaccination of cattle with
living cultures of low virulence to control the disease in
animals. A significant investigation with attenuated
organisms was carried out by Behring (5) who maintained a
human type culture for six and one-=half years, after which
time the virulence for guinea pigs was greatly reduced,
Cultures prepared from this weakened strain were dried and
administered intravenously to cattle. The animals developed
definite resistance to pathogenic organisms which were sub-
sequently injected. Von Behring later was less certain of
the value of his vaccine, which he had called "bovovaccine',
because the protection obtained was of short duration and
because several animals developed tuberculosis as a result

of vaccination. Other workers modified von Behring's tech-



nique, generally reducing virulence by physical or chemical

methods. Levy et al (35) tried to attenuate cultures with
urea and reported that bacilli treated with 25% solution of
urea for two days were non-pathogenic and were satisfactory
immunizing agents. Klimmer (33) obtained protection in cattle
for one year by administering a composite vaccine of tubercle
bacilli attenuated by heat and tubercle bacilli attenuated = .
by successive passage through salamanders., Many workers
attenuated bacilli by other methods, but none of the prepa-
rations induced more than temporary immunity.

Calmette and Guerin (12), after unsatisfactory results
with dead tubercle bacilli, referred back to von Behring's
work on the production of immunity in animals by living |
organisms of attenuated virulence. They proposed the hypo=-
thesis that a selected attenuated strain showing permanent
non=pathogenic characters would immunize animals and humanse
A highly virulent bovine type of tubercle bacillus, isolated
from the udder of a tuberculous cow, was cultured by Calmette
and Guerin on a glycerin-bile-potato medium over a period of
13 years. At the end of that period its virulence for all
species of animals was low and vaccination with Bacillus
Calmette-Guerin, generally referred to as BCG, induced con-
siderable immunity. The protective effect in animals led
Calmette and Guerin to use the vaccine on human subjects and
to recommend the vaccine for newborn infants (11).

BCG vaccination has been carried out on an extensive



scale with no striking results and the question of its
prophylactic value remains unsettled. On the one hand certain
workers maintain that BCG vaccination provides an effective
control of tuberculosis. On the other hand other workers
believe that the attenuated strain offers no protection and
that it may even be the cause of clinical tuberculosis.
After 43 years in animals and 33 years in humans most autho-
rities consider BCG vaccination still to be in the investi~
gational stage. It is generally accepted that some protection
is conferred but there is no agreement that it should be
adopted as a general public health measure.

On July 12, 1950, the United States Public Health
Service licensed the Research Foundation and the University
of Illinois for the "manufacture, exportation, importation
and sale" of BCG (2). The vaccine produced by this laboratory
was found to be safe by trial with animals; it was free from
contaminating substances and produced a satisfactory and
immediate reaction in animals and humans when used within
the prescribed time limit. This strain was recommended for
vaccination of humans who came in contact with tubercle
bacilli in their occupation or at homes,

The first attempts to develop immunity to tuberculosis
by using virulent organisms were made by Webb and Williams (64)
by vaccination with minute doses of the organisms, beginning
with one cell and progressively increasing the number of

bacilli. At nine months after the last injection no tubercue




lous lesions were found in the experimental animals. Calmette

and Bruyant (12), using this method, showed that animals did
develop discrete tuberculous lesions after 12-18 months.
These results prompted them to emphasize the danger of using
virulent tubercle bacilli, even in minute dosages.

While extensive studies were carried out to produce
immunity by vaccination with living, attenuated or virulent
tubercle bacilli, some workers believed that the organisms
should be killed before introduction into the animal or human
body. Various physical and chemical lethal agents were tested
to determine which would bring about the least change in the
protective properties of the bacterial cell.

Heat was used to kill tubercle bacilli by Dembinski (17).
Several increasing doses of the non-~viable bacilli were in-
jected into rabbits which developed some resistance to virulent
organismse. Calmette, Guerin and Breton (12) fed guinea pigs
heat-killed bacilli and concluded that the treatment produced
partial immunity. Raw (51) prepared a vaccine from attenuated
organisms that were later heat-killed for the vaccination of
humans and reported excellent results,

After the early attempts to produce a heat-killed
vaccine, attention was directed primarily to the viable, at-
tenuated strain of Calmette and Guerin. Petroff et al (L46)
grew the BCG on a gentian violet-egg medium and observed a
virulent variant which produced progressive tuberculosis in

guinea pigs. As this finding was confirmed by other



workers (60, 61) the use of killed tubercle bacilli was re-

vived and to some extent persists to the present day. Petroff
and Steenken (47) compared the resistance established by a
living BCG vaccine with a killed bacillus vaccine and main-
tained that the protection induced by living BCG was neither
more efficient nor safer than that caused by heat-killed
organisms. For that reason Petroff et al (45) advocated
vaccines prepared from heat-killed bacilli for the immunization
of children., Opie and Freund (42) showed that heat-killed
bacilli induced increased resistance to infection, which was
only slightly less than that produced by living BCG. On the
other hand Copper et al (15) reported that infection of guinea
pigs with living, avirulent bacilli retarded subsequent
infection with virulent organisms, but that heat-killed avi-
rulent or virulent bacilli exerted no such effect,

Since heat has severe effects on the protoplasm of
microorganisms, a less destructive agent such as ultraviolet
rays was recommended by Burger (8) for the killing of bacilli
for the preparation of superior vaccines., Olson et al (41)
also showed that a virulent strain of mycobacteria killed by
ultraviolet light was a more effective vaccine than heat-
killed bacilli; and was superior to a BCG strain which had
been rendered nonviable by ultraviolet lighte. Sarber et al (55)
showed that a vaccine from virulent tubercle bacilli, killed
by ultraviolet irradiation, possessed antigenic values equal

to BCG on the basis of the guinea pig protection teste.



Several workers produced vaccines by treating tubercle

bacilli with chemicals such as Javelle water, iodine water,
sodium fluoride, oleic acid etc. Any resistance that devel-
oped was fleeting or did not asppear at all. For example
Deycke and Much (18) treated mycobacteria with ovolecithin
and obtained partial protection in animals. Calmette and
Breton (12) used chlorinated bacilli which failed to protect
animals against an infective dose. Branch and Enders (7)
vaccinated guinea pigs with formol=killed and with heat-killed
organisms and after one year tested them for protection.

The heat-killed vaccine was more effective than the formol-
killed but the difference was not pronounced.

Potter (49) suggested "bacterial asphyxia" for the
preparation of a killed tubercle bacillus vaccine in place
of heat or chemicals. He incubated the tubercle bacilli in
a buffered solution for one month at 38-40°C in partial
vacuum, saturated with water vapor but deprived of oxygen.
Potter repbrted very favorable results and it is surprising

that this method has not been further investigated.

Serological Response to Tubercle Bacilli.

In tuberculosis, as in other infectious diseases, the
production of antibodies is a response to contact with
antigens and can be measured by various serological tests.

The detection of antibodies in tuberculosis was first

carried out by Arloing and Courmout (3) with the agglutination
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of live or killed tubercle bacilli in twofold serial dilutions
of sera. A positive reaction showed microscopically visible
flakes and the highest dilution of serum showing agglutination
was designated as the titer. The test was considered to be
diagnostically significant. However, it was later shown that
factors, such as origin of the bacilli, concentration, and

the medium on which cultivated influenced the titer. Many
variable results with agglutination have since been reported.
Simintzis and Sohier (57) reported inconsistent résults,

with non-tuberculous sera frequentlyvgiving a high aggluti-
nation titer and tuberculous sera giving normal titers.

For this reason, the specificity and the value of the test

for practical purposes has been questioned.

The complement fixation reaction has been investigated
and until recently was widelv used for the detection of
antibodies in tuberculous sera. Early workers, basing their
methods on the complement fixation of the Wassermann reaction
for syphilis, were successful in measuring antibodies in
tuberculosis, but concluded that a more selective antigen
was necessary to increase the specificity and sensitivity
of the test. In search for such an antigen Calmette and
Massol (14) tested two preparations which thev designated
B=I and B-II. The B%I was prepared by maceration in distil-
led water at 65°C and the B-II by maceration in 10% peptone
"Witte™ solution. With either antigen 33-50% positive re-

sults were obtained with the sera of tuberculous patients.
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Wassermann (63), to prepare antigen which would not fix
the lipoidal antibodies present in syphilitic sera, employed
defatted bacilli which were washed in ether and dried to
a powder. A suspension of the "powder" in saline yielded
albuminous substances, which were used for the complement
fixation reaction with tuberculous sera. However, it did
not prove to be sufficiently sensitive. Wassermann therefore
added lecithin to the specific albuminous antigen, which
increased the sensitivity and did not lower specificity.
This antigen was recommended and widely used in the tests
Numerous workers have prepared other antigens. Maltaner and
Wadsworth (62) examined the complement fixation test and
found that the reaction was positive in 85-95% of the sera
of patients with pulmonary tuberculosis and that the titer
varied according to the stage and type of»disease; in chronic
cases the reaction was generally positive, but in acute cases
| such as miliary or tubercular meningitis negative. In recent
years because of inconsistent results the clinical applica-
tion of the complement fixation has been largely discounted.
The precipitation test was first studied by Massol (13)
with bovine immune sera mixed with various types of tuberculin.
In the same year it was shown by Bezangon and Serbonnes (6)
that sera of pneumonia and typhoid fever patients when mixed
with tuberculin also gave marked precipitation. Porter (48)
demonstrated that the test was very often positive with sera

of healthy people. It appeared, therefore, that the preci-
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pitation test could not be used for the diagnosis of tubercu-
losis or for measuring the antibody production in immunized
animals with the techniques available.

It is known from the studies of Burnet and Anderson
(9, 10) that red blood corpuscles can absorb various sub-
stances and are thereby rendered specifically agglutinable
by the serum directed against the substances absorbed (52).
Middlebrook and Dubos (39) applied this principle to develop
a method which demonstrated the specific serum agglutination
of erythrocytes sensitized with extracts of mycobacteria.
A substance or substances present in the bacillary extract
was absorbed by erythrocytes, sensitizing them so that they
agglutinated in the presence of antibodies to tubercle bacillie.
The results obtained indicated that the reaction was more
specific than other serologic procedures and that a positive
test might suggest a tuberculous infection. Preliminary
reports on the method were encouraginge. Rothbard and
associates (54) made a study of the hemagglutination reaction
on 216 non-tuberculous patients, 33 cured tuberculous persons
and 168 patients with active tuberculosis. A negative re-
action was observed in 203 cases of the first group and 31
of the second group. One hundred and fifty four of the third
group showed a positive reaction in a titer of 1:8 or higher.
This was highly suggestive of active disease. In the same

year Smith and Scott (58) reported that the hemagglutination

test was generally positive in patients with active tubercu-
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losis but was usually negative in patients with far advanced
disease. More recent reports such as that by Fleming et al
(23) showed no close correlation with active tuberculosis
but the titers with sera of tuberculous patients tended to
be higher than normal. Kirby et al (32) contended that

the test was of little practical value in the diagnosis of
tuberculosis, because 10% of non-tuberculous patients gave
positive reactions to the test. A similar conclusion was
reported by Hollander et al (31) who found that sera of 17%
of the patients with clinically active pulmonary tuberculosis
showed negative hemagglutination reactions. In the study of
the effect of BCG vaccination Smith and Scott demonstrated
that 77% of vaccinated humans had positive reactions.

Haley and associates (27), bv using the hemagglutination
test, found that a group of 166 BCG vaccinated persons de=
veloped an antibody response that was quantitatively of a

very low order and was transient.



PRELIMINARY STUDIES

The hemagglutination test outlined by Middlebrook and
Dubos (39) served as a basic method to which workers added
modifications in order to increase its sensitivity and effect-
iveness. For this reason a few variations are present in
each phase of the method. Because the test was the means by
which serological response was to be tested in this work,
preliminary studies were carried out on some of these modifi-
cations before proceeding with the main investigation. In
each experiment a standard method later outlined under

Material and Methods was followed, unless otherwise indicated.

(1) Type of 0ld Tuberculin.

An extract of tubercle bacilli was employed by
Middlebrook and Dubos (39) to sensitize erythrocytes to
specific immune sera., For the same purpose in a modified
hemagglutination method Scott and Smith (56) recommended 014
Tuberculin, a 1:15 dilution of four times standard strength
(Lederle), These workers estimated that a dilution 1:8 or
higher rendered the 4 x 0O.T. nonhemolytic to red cells and
that complete sensitization of erythrocytes took place up
to 1:20. Rothbard and associates (5L) used a 1:12 dilution

of the Lederle tuberculin and this concentration has been
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employed by many workers,

In this study the sensitizing property of four brands
of 0ld Tuberculin were compared by the hemagglutination test
on sera obtained from rabbits vaccinated with attenuated
tubercle bacilli in an earlier study.

(2). Human type tuberculin, 25% O.T. (Human strain PN, DT & C).
Hull, Diluted in 1:83 in phosphate buffered saline.

(b)e Concentrated tuberculin 4 x International standard.
Lederle, Diluted 1l:12,

(c)o Bovine type tuberculin, 50% 0.T. (Bovine strain Sp. 28).
Hull. Diluted 1:40,

(d)e "Wellcome" Old Tuberculin (T). Diluted 1:60.

Twenty eight sera were tested with erythrocytes sensitized

by (a); the same 28 by (b); 12 of the 28 by (c) and the re-

maining 16 of the 28 by (d).

The titers in (a) ranged from 0-2048, Eleven of
the 28 ranged from 0-1:8; 13 from 1:16-1:128 and four from
1:256-1:2048 inclusively. Using (b) 18 of the 28 sera showed
the same titer as in (a); six were higher and four lowere
Only one serum showed greater than a twofold difference in
titer. Of the 12 sera using (c¢) six showed the same titer,
three were higher and three lower as compared to (a)eo
Of 16 sera tested with (d) seven showed the same titers as
in (a); two were higher and seven lower. Three of the sera
with lower titers showed a difference greater than a twofold

dilution,



TABLE I

ANTIBODY TITERS OF THREE TYPES OF 0.T.,
EACH CCOMPARED WITH HULL O.T. (HUM.)

(a) ~ (b) (a) (c) (a) (d)
Titer Hull O.T. Lederle 0.T. Hull O.T. Hull O.T. Hull O.T. Wellcome O.T.
Range (Human) ___ _ _ (Human) (Bovine) __ (Human)
Same Higher Lower Same Higher Lower Same Higher Lower
_ , .
, ; ‘ , : o
0-1:8 11% g8 2 1 5 301 1 8 4 2 1,1
1:16= 13 8 2,1la 2 L 2 0 2 7 3 0 3,1a
1:32
1:256= L 2 1 1 3 1 2 0 1 0 0 la
1:2048
Total 28 18 5,la 4 12 6 3 3 16 7 2 I,3a

xﬁ Figures represent numbers of sera in each titer range.
"a" indicates a difference of more than one titer.
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A titer difference of twofold dilution may be con-
sidered within the experimental error. On this basis no
difference was observed with (b) and (c). Only with (d)
were lower titers observed. No difference was observed with
any of the tuberculins in the proportion of sera in the
various titer groups. The data are presented in Tgble I,

The clumping of red cells sensitized with Hull 0.T. }ffi;ff;
(human) was much easier to read than agglutination with the ‘v:‘
other tuberculins, the clumps were larger and not easily
dispersible. For these reasons the Hull 0.T. (human) was
adopted for the sensitization of erythrocytes and was used
throughout the study.

At about the same time and with other immune sera
the sensitization propérty of Purified Protein Derivative
(P.P.D.) was investigated with solutions containing 0.2 mgm.,

0,02 mgm. and 0.0l mgm. per ml. Six sera were used to test
each concentration. Hemolysis was obtained with the cells
sensitized with 0.2 mgm. and with 0.02 mgm. of P.P.D. per ml.
Hemolysis did not occur with 0.0l mgm. per ml. but the cells

showed no evidence of clumpinge.

(2) Preservation of Sera.

In general practice sera are stored at freezing
temperatures to prevent deterioration and to preserve their
specific immunological properties. Throughout this study

sera were kept at -20°C and thawed at room temperature on
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the day of testings.

The effect of storage was determined on two groups
of sera stored for different periods of time. In the first
group the titers of 19 sera determined after three months
were compared to titers obtained after 2-4 days. In the
second group the titers of 34 sera determined after 18 months
were compared to titers obtained after 2-6 days storage.
The standard hemagglutination procedure was followed in both
casess,

The titers of both groups are presented in Table II.
The range of titers in the 19 sera of the first group stored
for 2-4 days showed three samples from 0-1:8, eight samples
from 1:16a1:32 and eight samples from 1:64-=1:128. After
storage for three months, 15 of the 19 sera showed the same
titers with one higher and three lower than originally.
The differences were twofold only and therefore were con;
sidered to be not significante.

The titers of 34 samples of the second group showed
14 which ranged in titer levels from 0-1:8, 12 from 1:16;
1:32 and eight from 1:64-1:128. After 18 months' storage,
three samples maintained the same titers, one serum was
higher and 30 were lower than originally. The difference
in the latter category in 11 samples was twofold lower and
in 19 threefold to sixfold lower.

The results on the two groups of sera show that

storage for three months did not alter the antibody levels
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TABLE II

HEMAGGLUTINATION TITER

(1) Stored 3 months

Titer Stored

Range 2=L Days. Same Higher Lower

0-1:8 3% 2 1
1:16-1:32 8 7 1 0
1:64=1:128 8 2

Total 19 15 3

(2) Stored 18 months

Titer Stored

Range 2-6 days Same Higher Lower

0-1:8 14 2 0 6,6a*%
1:16~1:32 12 1 0 L,7a
1:64=1:128 8 0 1 1,6a

Total 34 3 1 11,19a

X ops .
figures represent numbers of samples in each
titer range. ‘

XX naw indicates difference of more than one twofold

dilution.
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but storage for 18 months showed significantly lower titers.
It is interesting to note that the hyperimmune serum,
prepared by the method of Rothbard and associates (54),

showed the same titer (1:2048), even after 22 months' storage.

(3) The inactivation of complement in sera before and after
the storage.

In the method of Middlebrook and Dubos (39) the immune
sera were stored without the inactivation of complement,
which was carried out before testing. Inactivation before
storage has been advocated by Elek (22), who observed that
fresh sera stored in the unheated state lose a considerable

amount of antibodiess

TABLE III

EFFECT OF TIME OF COMPLEMENT INACTIVATION
ON ANTIBODY LEVELS OF IMMUNE SERA

Titer Before Stored 14 days
Range Storage
Same Higher Lower
0-1:8 - g* 5 2 1
1:16-1:32 6 3 2 1
1:64=1:2048 3 2 0 1a*¥
Total 17 10 L 2,1a

X figures represent numbers of samples in each titer
xx range.
t1g® indicates difference of more than one twofold

dilution.
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In this study the effect of complement inactivation,
before storage for 14 days, was investigated. Seventeen
samples of freshly obtained sera were divided into two
portions; the first was inactivated in a water bath at 56°C
for 30 min. and then both were stored at -20°C. After 14
days the second portion was inactivated and the hemaggluti-
nation test was then performed on both portions.

The results presented in Table III show that of 17
samples inactivated before storage eight titers ranged from
0-1:8, six from 1:16-1:32 and three from 1:64=1:2048.

The samples inactivated after storage, when compared to those
inactivated before storage, showed 10 with the same titer,
four twofold higher and three twofold lower., Only one sample
showed a difference greater than one twofold dilution.

The results, therefore, indicate no perceptible effect
of complement inactivation before storage on antibody levels

of immune sera.

(4) Buffered isotonic saline and phosphate buffered saline.
Buffered isotonic saline has been employed as a di-
luent for the hemagglutination test by many workers (4, 56),
with some attempts to improve its buffering and electrolytical
properties (30). Phosphate buffered saline was used by
Mollow and Kott (40) in the comparative study of the hemag-

glutination test and its hemolytic modification.

Phosphate buffered saline was compared to buffered
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isotonic saline on the basis of the hemagglutination test
performed on 12 sera. On each serum two tests were carried
out; in the first the phosphate buffered saline and in the

second the buffered isotonic saline was used for all diluting

‘purposes. Both tests were run concomitantly.

TABLE IV

EFFECT OF DILUENT ON TITERS OBTAINED
IN THE HEMAGGLUTINATION TEST

Titer Phosphate Buffered Isotonic Saline
Range Buffered
Saline
Same Higher Lower
0-1:8 2% 1 0 1
1:16-1:32 6 1 0 1,L4a%%
1:64=1:256 L 1 0 2,1la
Total 12 3 0 L,5a

X~;f:‘igures present numbers of samples at each titer
%x range.
Mg indicates a difference of more than one twofold
dilution,

The titers with phosphate buffered saline showed two
sera ranging in titers from 0-1:8, six from 1216a1:32 and
four from 1:64-1:256. With buffered isotonic saline, three

sera showed the same titer, no sample was higher and nine
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were lower. The titer was twofold lower in four, and three-
fold lower in five sera.

The results indicate that phosphate buffered saline
gave increased sensitivity to the test and it was employed

throughout the study.



MATERIAL AND METHODS

Vaccines.
The vaccines were prepared from a strain of BCG,

No. 867-S, of Mycobacterium tuberculosis, received from the

Department of National Health and Welfare, Ottawa. An
actively growing culture was grown in tween-albumin_medium
(21) for ten days, at which time about 15 mgm. of bacilli,
dry weight, per ml. were present. The microorganisms were
washed three times in 25% Sauton's medium (21) and were re-
suspended to give 30 mgm. dry weight per ml. The nﬁmber of
living bacilli was estimated by a viability test which
consisted of inoculating aliquots of the 30 mgm. suspension
on five slants ofvPetragnani‘s‘medigm‘(38).‘ After incubation
at‘37~59C for eight weeks the colony count showed 10° to 107
bacilli per mle

The 30 mgm. suspension was employed to prepare live,
irradiated, heat-killed and composite vaccines.
I. Live vaccine: The suspension was used in an unaltered state.
1L, Irradiatéd‘vaccine: The bacilli were irradiated by ultra;
violet light at 10 cm. for three mine The source of radiation

was a mercury vapor resonance lamp of 31304° units™.

X Hanovia Chemical Co. Newark, New Jersey.
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The suspension was shaken during the process to ensure that
all cells received the same exposure. The number of sur-
vivors was determined by the viability test in 10‘1, 1072 and
10~3 dilutions.

ITI. Heat-killed vaccine: The suspension qf bacilli was heated
in a water-bath at 60°C for 30 min. The viability test was
¢arried»out using the same dilutions as in the irradiated
vaccine. | A

Iv. Composite vaccine: The vaccine was composed of both heat-
killed and viable bacilli in a concentration of 30 mgm. of
cells per mle The killed ba;illi”qonspituted.29.007 mgme
and the viable Qells 0.003 mgm; per mlf The viability test
was performed on the heat;killed part of.the vaccine and

on the composite vaccine by the teéhnique outlined above.

Vaccinations.

The serological response to each vaccine was investi-
gated on a series of five adult albino rabbits. Prior to
vaccination the rabbits were tuberculin tested intradermally
with 0.005 mgm. of Purified Protein Derivative (E;PsD.)x
and the injected areas were examined after 48 hr.

o The animals were vaccinated on both sides in the rib
area by the scarification method of Rosenthal (53) at a depth

of two mm. Four drops of vaccine were spread over each area

before puncturing and three drops after the punctures were made.

X Parke, Davis & Co., Detroit; Mich. U.S.A.
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Four groups of rabbits were vaccinated with live, irradiated,
heat=killed and composite vaccine respectively, using the
same technique.

Hyperimmune sera were prepared in rabbits by intra-
venous injections with heat-killed tubercle bacilli using

the method of Rothbard and associates (54). Two rabbits

received the highly virulent Ravenel strain of Mycobacterium

tuberculosis, var. bovis; two others received the vole

bacillus strain, Mycobacterium muris, avirulent in guinea

pigs with doses up to 0.1l mgm. The Ravenel strain was grown
10 days in tween-albumin medium and the vole bacillus 14 days

in a medium for rapid cultivation of Mycobacterium avium

described by Ackart and Murray (1). The cultures were centri-
fuged, resuspended in physiological saline and heat-killed

at 60°C for 45 min. The killed organisms were injected in
one ml, amounts twice weekly for four weeks,

Hemagglutination Testo.

Phosphate buffered saline solution: sodium chloride 8 gm.,
sodium monophosphate 3.58 gm., distilled water 1000 ml. The
solution was adjusted to pH 7.0 with N hydrochloric acid.

The saline was used as the diluent throughout the test.

Preparation of washed, packed sheep's red blood cells:

One volume of sheep's blood was collected from the jugular
vein into a flask with 1.2 volumes of Alsever's solution
(dextrose 2.05 gm., sodium chloride 0.8 gm., sodium citrate

O.42 gm., distilled water 100 ml.). The solution was adjusted
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to pH 6.1 with 10% citric acid and sterilized at 110°C for
15 min. The blood was stored at 6°C and was not used earlier
than four days after bleeding or later than 45 days. The
cells were collected by centrifuging at 2,200 r.p.m. for seven
minutes and washed three times with six volumes of the
phosphate buffered saline solution. After the third washing
the cells were centrifuged 15 min. at the same speed and the
supernatant was discarded. The washed, packed red cells were
stored at 6°C and used within one dav.

Collection and preparation of sera:
Each rabbit was bled from the ear prior to tuberculin testing,
and at weekly intervals following’vaccination, The cell-free
serum was obtained by centrifuging at 2,200 r.p.m. for 10 min.
and stored at -20°C from one to four weeks when the test was
performed. Prior to absorption the serum, 1:2 dilution, was
inactivated in a water-bath at 56°C for 30 min. to destroy
the complement. The absorption of non-specific antibodies to
constituents of sheep's red blood cells was carried out by
the addition of 0.2 ml. packed red cells to two ml. 1:2
dilution heated serum. The serum=-cell suspension was held
at room temperature 20 min., shaken frequently, and then
centrifuged at 2,200 rep.me for five min. The process was
repeated with another 0.2 ml. packed cells without the re-
moval of the sedimented cells. After the second centrifu-
gation the clear serum was collected and diluted 1l:4 in saline.

The absorbed serum was stored at 6°C and used within one daye.
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Sensitization of cells with antigen:
The antigen was a concentrated solution of human type tuber-
culin, 25% 0.T. received from The Animal Diseases Research
Institute, Hyll, Quebec. Six ml. 1:83 dilution O.T. was
used to sensitize 0.1 ml. packed, red blood cells. The
sensitization was carried out in a water-bath at 37°C for
two hr., with shaking at approximately 15 min. intervals.
The cells were then washed three times with six ml. saline
and collected by centrifuging at 1,800 r.p.m. for 10 min.
The washed, sensitized cells were resuspended in 25 ml. saline,
giving a 0.4% concentration. The cells were used the same
day on which they were prepared.

Setting up the test:
The absorbed sera were set up in twofold serial dilutions,
of 0.4 mles volumes, ranging from l:4 to 1:512. The sensi-
tized cells were added in O.L4 ml. volumes to each dilution.
Two negative controls one with saline and sensitized cells
and a second with a 1l:4 dilution of serum and unsensitized
cells, were performed with each serum. The Ravenel hyper-
immune serum of known titer was included as a positive
control each time the test was performed. The sera and con-
trols were incubated in a water-bath at 37°C for two hre,
shaken at 20 min. intervals, and held overnight at room
temperature,

Reading of the test:

The highest dilution of serum at which definite clumping




29

occurred was designated the titer, the volume of the sensi-
tized cell suspension added as antigen was not included.
The procedure of reading was as follows: Each tube was gently
shaken and the pattern of dispersion of the rising cells was
noted. The degree of clumping was graded into four groups:-
L + one or a few large clumps in perfectly clear menstruum;
3 + smaller, sandy-like clumps in clear menstruum;
2 + small clumps in cloudy menstruum;
1 + small, easily dispersible clumps in cloudy menstruum.
In negative tubes the cells rose slowly in a smoke=-like
manner without any trace of clumping. The end=-point titer of
a serum was defined as the highest dilution in which 2 + clumps
were present; 1 + clumping was recorded but not considered in

the evaluation of resultse.




RESULTS

In series I, five tuberculin negative rabbits were
vaccinated with a BCG suspension estimated to contain lO8==
lO9 viable cells per ml. The serological response at weekly
intervals was determined by the hemagglutination test (Table 7).

The serum titer of the five rabbits before vaccinatipn =
ranged from 0-1:16; three of the sera were negative and two
showed titers of 1l:4 and 1:16 respectively. OUn the other
hand, the sera which were obtained after vaccination ranged
in titer from 0-1:256; the highest titers over the 13 week
period were 1:256 and 1:16 in two rabbits and 1:064 in three.

A titer of 1:16 or higher was maintained by four of the five
for periods ranging from 7-12 weeks and for three weeks by
one. A titer 1:64 was maintained by four rabbits for periods
ranging from lei weeks; one animal did not attain this level.
When the series was discontinued after the 13th week, four
sera showed titers ranging from O-1:8 and one a titer of 1:16.

A similar pattern of response was demonstrated by
three of the rabbits, the serum titer rose slowly, reached
a peak around the seventh week and then gradually decreased.

A rapid response was noted in one, which showed a prevac-
cination titer of 1:16 and a titer of 1:256 at the end of

the second week. A weak response was in evidence in one of
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TABLE V

Titer as the Reciprocal of Dilution Mean
Weeks Titer
Rabbit 1 2 3 L 5
0 0 L 16 0 0 0
1 b 32 0 L b
2 b 32 256 L L b4
3 kL 16 128 32 32 32
I b 16 128 16 32 32
5 8 16 o4 o4 32 32
6 16 16 64 6l 64 6l
7 16 32 64 64 64 614
8 16 6l 64 32 32 32
9 b 32 32 16 16 16
10 4L 16 32 8 16 16
11 L 16 16 L 8 8
12 b 16 16 L L
13 A 16 8 b
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the rabbits, with a maximum titer of 1:16 which occurred
around the seventh week.

In this study, the mean titer was taken to be the
titer which was reached or exceeded in three or more of the
rabbits. On this basis the mean titer before vaccination
was zero; at three weeks after vaccination 1:32, at six weeks
1;64 where it remained for two weeks, after which time it
fell gradually. The titer was 1:16 or higher for eight weekss.
This is shown in Table V.

In series IIL, five tuberculin negative rabbits were
vaccinated with a suspension which was estimated to contain
10° bacilli per ml., of which 99.99% were killed by irradia-
tion, and the remaining 0.01% were live cells as determined
by the viability test. The data appear in Table VI.

‘The sera of the five rabbits before vaccination were
negative to the hemagglutination test. After vaccination
sera ranged in titer from 0-1:256; the highest titer was
1:128 in two rabbits, and 1:256, 1:64, 1:32 in one animal
each. A titer of 1316 or higher was maintained 10-12 weeks
in all the animals. A titer of 1:64 was maintained 5;8
weeks by three rabbits, for one week by one and the fifth
did not reach this level., When the series was discontinued
at 14 weeks the titers ranged from 1l:4=1:8.

A typical pattern of serological response to an antigen
was shown by two rabbits., An early response was observed

in one rabbit which showed a titer of 1:256 at two weeks.
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TABLE VI

Titer as the Reciprocal of Dilution

Mean

Weeks Rabbit 6 . N . 10 Titer
0 0 0 0 0 0 0
1 8 b L 0 L
2 32 16 256 16
3 64 16 32 16 256 32
I 64 32 16 16 128 32
5 64 64 16 32 64 6l
6 128 32 16 64 32 64
7 6k 32 16 64 64 64
8 64 16 16 128 6L 64
9 6k 64, 32 32 32 32

10 6L 32 16 64 16 32

11 32 16 16 16 16 16

12 64 16 16 16 8 16

13 32 - L 16 8 8

14 8 - kL 8 8 8

- test not carried out,



3L

This rabbit maintained a titer 1:64 for seven weeks. One of
the rabbits reacted poorly to the vaccine; its highest titer
1:32 occurred twice, both times for one week. A response
in the last rabbit appears to have two peaks, one at five, L
the other at nine weeks. The rabbit was discarded at 12 weeks
because it developed a nose infection.
In series II, the mean titer of sera before vaccination
was zero. The mean titers after vaccination ranged from
1:4-1:64. A titer of 1:16 or higher appeared at two weeks
and was maintained for 11 weeks; a titer 1:32 or higher
persisted for eight weeks; a titer of 1:64 was the highest
and was maintained for four weeks. At 13 weeks, or the end
of the test, the mean titer was 1:8. (Table VI).
In series III, five tuberculin negative rabbits were
vaccinated with a suspension of lO8 heat<killed bacilli per
ml. Table VII,.
The serum titers of the five rabbits before vaccina-
tion ranged from O-l:L; three of the sera were negative and =
two showed a titer of l:4. Serum titers after vaccination
ranged from O0-=1:64; the highest titers over the experimental
period were 1:64 in two rabbits and 1:16 in three. A titer
1:16 or higher was maintained by four of the five rabbits
for 3-7 weeks and only for one week by the fifﬁh rabbit.
A titer 1:64 appeared in two rabbits at one week and did
not occur in the remainder of the rabbits. The series was

discontinued at eight weeks when four sera showed titers
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TABLE VII

ANTIBODY RESPONSE IN RABBITS VACCINATED
WITH HEAT-KILLED BCG

Titer as the Reciprocél of Dilution Mean
Weeks Titer
Rabbit:11 12 13 14 15
0 0 0 I3 0 0
1 0 by 0 8 b
2 b 8 32 8 16 8
3 b 16 32 16 8 16
L 8 16 32 64 16 16
5 16 16 64 32 16 16
6 8 L 32 8 8 8
7 0 0 16 8 L I
8 0 0 16 Lo L

O-1:4 and one a titer of 1:16.

A typical pattern of serological response to the vac-
cine was shown in all the rabbits. The antibody curve in
one was low, reaching 1:16 titer at five weeks and maintaining
it only for one week.

In series III, the mean titer of sera before vaccina-
tion was zero. The mean titers after vaccination ranged'from
1:4-1:16, A titer 1:16 appeared at three weeks and was

maintained for three weeks; it was the maximum mean titer
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observed in the series. At six weeks the mean titer was 1:8;
it fell to 1l:4 at seven weeks. The test was discontinued at

eight weeks.

TABLE VIII

ANTIBODY RESPONSE IN RABBITS VACCINATED
WITH COMPOSITE BCG

Titer as the Reciprocal of Dilution Mean
Weeks Titer
Rabbit:16 17 18 19 20
0 0 0 0 0 0 0
1 0 0 0 L 0 0
2 b 0 b 0 b b
3 8 0 b b 8 b
L 16 L 8 0 16 8
5 16 8 16 8 32 16
6 8 b 16 L 32 8
7 8 I 8 L 16 8
8 8 L 8 0 16 8
9 8 0 8 0 8 8
10 8 0 b 0 b b

In series IV, five tuberculin negative rabbits were
vaccinated with a suspension which was estimated to contain

107 bacilli per ml., of which 99.99% were killed by heat and
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the remaining 0.01% were live cells as determined by the
viability test. The data are presented in Table VIII.

The sera of the five rabbits before vaccination were
negative to the hemagglutination test. After vaccination
sera ranged in titer from 0-1:32; the highest titers were
1:8 and 1:16 in two rabbits each and 1:32 in one. A titer
1:16 or higher was maintained by three of the five animals
for 2-5 weeks. Two animals did not attain this level.

The series was discontinued at eight weeks when four sera
showed titers ranging from 0-=l:4 and one titer of 1:8,

A typical pattern of serclogical response to an
antigen was shown by three rabbits. Two of the rabbits
reacted poorly to the vaccine; the highest titer was 1:8
in each case., The response was at a low level and for a
short time.

In series IV, the mean titer of sera before vaccina-
tion was gzero, and after vaccination ranged from 0-1:16.

A titer 1:16 appeared once, at five weeks. At the end of
the test, that is at 10 weeks, the mean titer was 1l:ik.

(Table VIII).

Hyperimmune Sera.
For the preparation of hyperimmune sera six rabbits
were used; four were vaccinated with the Ravenel strain and

two with Mycobacterium muris. The titer estimated after

the immunization period was 1:2048 and 1:8192 each in one
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of the two rabbits which received the Ravenel strain. Two
rabbits which received the vole bacillus showed titers of‘
1:1024 and 1:4096, respectively. Two of the four rabbits
injected with the Ravenel strain died during the third week
of the hyperimmunization. Dissection revealed no patholo-

gical lesion in either animal.

1 2 34 56 78 9101 1213 I 23 4 567 8

I A

'l

' 2 345 6 78 910N 121415 2 3 4
' WEEKS AF TER VACCINATION

Fig. 1. Mean serological response as measured by
hemagglutinin level in rabbits vaccinated with:
I. A live mycobacterial vaccine.
II. An irradiated mycobacterial vaccine.
III. A heat-killed mycobacterial vaccine.
IV. 4 composite mycobacterial vaccine.




DISCUSSION

The results which are presented demonstrate that
hemagglutinins are formed in rabbits' sera in response to
vaccination with tubercle bacilli. The response varied in
titer and duration with each of the vaccines employed.
Accordingly, the evidence suggests that the test may be
useful for estimating the degree of serological response and
on this basis for evaluating various tuberculosis vaccines.

In this work, as in other biological investigatious,
there was a difference in the response of individual rabbits
in every series. In each series certain rabbits reacted
strongly and others weakly as compared to the others in the
series. Considering the 20 rabbits in the four series two
reacted strongly and five weakly. For this reason the inter=-
pretation and evaluation of results are based on the mean
response in each series and in special cases reference is

made to individual rabbits.

The mean titers observed in series I, where vaccination

was performed with living bacilli, are in close agreement

with those reported by Hawirko (29). The serological response

to the live vaccine was adopted as a standard for the appraisal

of titers obtained in the subsequent series.

In series II, the dosage of ultraviolet light employed
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produced a vaccine that contained 0.01% viable cells in
addition to the large numbers of killed bacilli. The vaccine
induced a mean response which was stronger and which was
present for a longer period of time than in the standard
series (Fig. 1). The difference was shown to be statistically
significant according to the "t" test. However, the mean
responses in series I and series II, as shown diagramatically
in Fig. 1, suggest that the difference between them is small.
In addition it may be noted that because the peak titers of
individual rabbits in series II occurred at different times
the mean response appears to be prolonged and thus the dif-
ference between series I and series II is magnified (Tables

V and VI). However, the response to the irradiated vaccine,
which contained only 0.01% viable cells was certainly on a
level with that of the live vaccine (series I). The immuni-
zing power of the irradiated vaccine might be associated
either with the cells which were killed by the action of
ultraviolet light or with the cells which survived the radia-
tion. Tubercle bacilli killed by ultraviolet light have been
shown to possess definite immunizing properties which were as
great as those of a living vaccine (43). Other workers (55)
also, reported that ultraviolet activity was less destructive
to the antigenicity of tubercle bacilli than other lethal
agents, such as heat or chemicals. On the other hand Olson
et al (41) reported that ultraviolet=killed and heat-killed

BCG vaccines were relatively ineffective and were essentially
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the same in their protective values., The suggestion that
the immunizing power of the vaccine in series II may be due
to the presence of living irradiated bacilli is supported by
Smithburn and Lavin (59), who effectively immunized rabbits
with an irradiated but not killed vaccine. It is difficult
to explain how the minute number of surviving cells stimulated
a response equal to that of a live vaccine unless the sur-
viving cells possessed superior immunizing properties.
An additional possibility which may account for the superior
quality of the irradiated vaccine is the combined effect of
the irradiated killed and living cells,

The serological response to the heat-killed vaccine
(series ITII, Table VII) was much lower in level and shorter
in duration than to the live or to the irradiated vaccine
(Fig. 1) There was a significant difference between the
serological responses in series III and those in series I
or IT. One of the main objections to the use of heat in
the preparation of vaccines is the denaturizing of proteins,
This 1s suggested by the low response to the heat-killed
vaccine even though the thermal factors were kept at a minimum,
Another possibility is the loss of antigenicity, as observed
by Dubos (20), due to autolytic processes which are favo;ng
by certain temperatures., Views on immunization with hgéﬁ«
killed vaccine are divided; some workers (15, 16, 36)5%ainﬁaigf%

that the vaccine confers minimal protection of animals-against.
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an infective dose of tubercle bacilli. On the other hand,
other workers (42, 47) claim that the killed vaccine im-
munizes effectively. The method of administering a heat-
killed vaccine influences the serological response considerably.
Workers (19, 24) reported that intravenous injection of heat=
killed bacilli produces more rapid response and higher titers
than the same vaccine when injected subcutaneously or intra-
cutaneously. In this study the intravenous injections of
heat-killed bacilli resulted in a high antibody level of from
1:1024 to 1:8192; whereas a titer of 1:256 was the highest

in percutaneous vaccination. The death of two of six rabbits
during the third week of hyperimmunization suggests that
unknown factors, such as hypersensitivity to large amounts

of bacillary substance, may have been active.

The composite vaccine of live untreated and heat-killed
cells in series IV was used as the control to assess the
antigenic power of the irradiated vaccine (series II). The
composite vaccine contained the same proportion of living
and heat-killed cells as the irradiated living and killed
bacilli. The low antibody level in the composite indicates
that the 0.01% living bacilli in the vaccine did not intensify
the serological response. On the basis of the "t" test there
was a significant difference between series IV and I or II,
but not between series IV and III.

The results of this study suggest that an irradiated

vaccine might be preferred to a living vaccine, since the
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wisdom of administering live tuberculosis bacilli may be
questioned, and the irradiated vaccine produced an equal or
better response than the living vaccine. The serological
response to the ultraviolet treated cells, which was much
more pronounced than to the heat-killed, indicates that
ultraviolet light has less destructive effect on this antigen
than has heat. The number of living bacilli in series Il
and series IV was the same. Likewise, the number of killed
bacilli was the same. Consequently, the stronger response in
the irradiated vaccine (series II) must have been due to some
principle related to irradiation, but not active in heat-
killing. If this interpretation is valid, technical refine-
ments such as the number of bacilli, dose of light etc. may
improve the irradiated vaccine, which even in the present
form has an activity equal at least to that of live BCG.
The serological response, both in level and duration, produced
by different vaccines may be accepted as indicating that the
hemagglutination test offers a means for the study of immunity
to tuberculosis.

The presence of tuberculosis bacilli in the body
stimulates the production of antibodies, but probably only
a few of them protect the host against disease (37). The
search for a means of determining and measuring protective
antibodies in tuberculosis is continued to the present day.
Workers concerned with the question of immunity to the disease

have employed a protection test, which measures the survival
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time of immunized animals against an infective dose of viru-
lent tubercle bacilli. However, interpretation of this test
may be misleading because size of the vaccination dose,
physiological state of vaccine, time of injection of the
lethal dose and proper species of test animal are unknown.
There is divided opinion among workers on the degree of im-
munity induced by attenuated or by killed tubercle bacilli
when the protection test is used as a criterion of the immune
state. The hemagglutination test may prove to be helpful in
the measurement of immunity, if there could be established
a correlation between hemagglutination level and resistance
to infection after vaccination. Work along this direction
by Gernex-Rieux and Tacquet (25) showed that there was no
correlation between titer, as measured by the hemagglutination
test, and immunity or cure. Similar observations were made
by Raffel (50) who used the precipitin test and did not find
any correlation between presence of antibodies and resistance
to subsequent infection. It may be noted that the literature
dealing with this problem is very limited. However, the
hemagglutination test may offer a valuable basis for obtaining
additional data on serological response as compared to the
limited information provided by the protection test.

In place of guinea pigs, which are widely used for
experimental work on tuberculosis, rabbits were used in this
study. Resistance to infection with human or bovine tuber-

culosis bacilli in rabbits is more like that in humans (42)
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than the resistance in guinea pigs; and the disease in rabbits
more closely resembles that in man. In addition, it is widely
accepted that the response to vaccination is greater in
rabbits than in guinea pigs and rabbits are more satisfactory
for bleeding purposes, especially when weekly serum samples
are required.

It may be pointed out, that before vaccination the sera
of 20% of apparently healthy rabbits contained hemagglutinins-
the sera of three rabbits 1l:4 and of one rabbit 1:16. The
same evidence has been reported by many workers (29, 32, 54)
in connection with human sera. This fact may indicate some

kind of immunological over-lapping.
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SUMMARY

The serological response in four groups of five rabbits
vaccinated with live, irradiated, heat<killed and composite
BCG vaccines respectively, was measured by the hemag-
glutination test of Middlebrook and Dubos (39).
Hemagglutinins varied in titer and in duration with each
of the vaccine employed. The range in titer was 0-=1:256

in series I with live vaccine, 0=1:256 in series II with
irradiated vaccine, 0-1:64 in series III with heat-killed
vaccine and 0-1:32 in series IV with the composite vaccine.
A mean titer of 1:16 or higher was maintained in series I
for eight weeks, in series Il for 1l weeks, in series III
for three weeks and in series IV for one week.

The evidence indicates that the test may be useful for
estimating the degree of serological response, and on this
basis for evaluating various mycobacterial vacciness

The results indicate that irradiation was effective for the
preparation of tuberculosis vaccines, and that heat treatment
appreciably reduced the antigenic property of the vaccine.
The serological response to a series of intravenous in=-
jections of heat-killed bacilli was much higher in titer
(1:1024 to 1:8192) than to single percutaneous vaccination

performed by the scarification method (0O to 1:250).
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6. Before vaccination four of 20 sera from apparently healthy

rabbits showed hemagglutinins - three of the sera gave a

titer of 1l:4, and one a titer of 1:16.

7. The lack of a standardized procedure for the hemaggluti-

nation test necessitated a preliminary study, in which

the following points were established:

(a).

(d)e.

The Hull 0.T. (human) 25% in 1:83 dilution was a
more effective sensitizing agent than Lederle 0.T.
1:12, Hyll 0.T. (bovine) 50% in 1:40, or Wellcome
0.T. in 1:60 dilution.

Storage of sera for three months at =-20°C did not
change the hemagglutinin level; but storage for

18 months lowered it significantly.

Sera inactivated at 56°C for 30 min. before storage
for 14 days and sera inactivated after storage for
the same period produced essentially the same
titer,

Phosphate buffered saline as a diluent was more

satisfactory than buffered isotonic saline.
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