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Since vaceination against tuberey-
losis with BOG (Bacillus Calmette.
Guerin) ig Practiced throughout the
world and because of the proposal
that isoniazid be given prophylactie-
ally to susceptible groups of people
(Ferebee and Palmer, 1956 1) it
is essential that we determine wheth.-
er or not the Immunity established
by BCG vaceination ig influenced

favorably or unfavorably by the ad-

ministration of this antimicrobial
agent. .

Adequate evidence has been pre-
sented that vaceination of guineg
Digs with the attenuated BOG bovine
strain of tubercle bacilli confers a
partial Immunity against virulent
tubercle bacillj (Sher and Czaja,
1956 :95) . Similarly g comparable
degree of brotection is obtaineq
when guinea pigs are infected with
comparatively smal] amounts of
pathogenic tubercle baeilli and are
subsequently treated for ten weeks
with sulfone derivativeg (Sher and
Kloeck, 1958:66) and witp isoniazid
(Sher and Czaja, 1956 :95).
Immunity exists even though, as ig
the case with isoniazid therapy, the
disease is Suppressed so that there
is morphologically or histologically
no evidence of tuberculosis 32 weeks
after the infection (Sher, et al.,
1957:298). 1t was postulated ‘that
the drugs retarded the rate of bac-

terial growth ang thus enabled the
animal body to develop a moderate
degree of resistance against g sub-
sequent endogenong spread or ex-
ternally administered infection
(Sher angd Czaja, 1956 :95-96).
However, it has been reported re-
cently that when mice were infected
with minute, yet lethal, amounts of
tubercle baeill; and were subse-
quently treated with Isoniazid, no
brotection wag observed (Dubos,
et al., 1956 :546).  The question,
therefore, arigeg whether isoniazid
will enhance op deter the immunity
imparted by BCG vaceination. The
response could be similar to the aec-
tion obtained against minute
amounts of virulent, organisms, he-
cause of the attenuated character
of BCG, or might be as it ig with the
larger inoculum of virulent tubercle
baeilli.

These studies were intended to
compare statistically the average
survival times of guinea pigs vae-
cinated with BCG in combination
with isoniazid with those of nop-
vaccinated tuberculous control ani-
mals. Fop additional “eontrols”,
comparisons were glso made with
BCG vaccinated animalg receiving
no isoniazid and with gnines pigs
with latent or arrested tuberenlosig
produced by treatment of g virulent
infection with isoniazid.
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MATERIALS AND METHODS

Fifty-one guinea Pigs weighing
between 400 and 600 gms. were ad-
justed to the environment of the
animal quarters and were divided
into 5 groups. Two of these groups,
A and B, were vaccinated with BCG
obtained from the Tice Laborator-
jes. Om the same day group C was
inoculated with H37Rv, a virulent
human strain of tuberele bacilli.
Groups D and E received no inocu-
lation at this time.

Group A consisted of 5 animals
injected subcutaneously n the right
inguinal region with 0.1 mg. BCG;
184 days later each animal was in-
jected 1n the left inguinal reglon
with 0.1 mg. H37Rv. This group
served as the ¢immunized, tubereu-
lous group’’ and was observed until
death. .

Group B consisted of 13 animals
vaccinated as in group A. Starting
7 days after the vaceination they
received daily treatment for 60 days
of 20 mgs. isoniazid per animal in
one ml. of 10% sucrose golution
mixed with lettuce. One hundred
and thirty-four days after vaccina-
tion the animals were inoculated
with H37Rv as in group A and ob-
cerved until death. This group
served as the ¢‘immunized, treated,
tuberculous group’’.

Group C consisted of 10 guinea

pigs injected subeutaneously in the )

right inguinal region with 0.1 mg.
H37Rv, a virulent buman strain of
tubercle bacilli. Qtarting 7 days
after the inoculation they received
daily treatment of isoniazid as in
oroup B; 134 days after the primary
infection they were reinfected with
0.1 mg. H3TRv subcutaneously in
the left inguinal region. This group
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served as the “treated, reinfected
group’’ and was included in these
experiments to compare the yeffec-
tiveness of jmmunity obtained by
means of a virulent strain of tuber-
cle bacilli suppressed by isoniazid
treatment with that obtained by
BCG vaccination.

Group D consisted of 12 guinea
pigs that received no injeetion until
134 days after groups A and B were
vaccinated with BCG and group C
received the primary H37Rv infec-
tion. These animals were inoculated
simultaneously with the virulent
T37Rv infection of groups Aand B
and the reinfection of group C; thus
they served as primarily infected
controls for the evaluation of re-
sistance against snfection.  They
gerved as the ¢tyberculous con-
trols’’. '

Group B consisted of 11 normal
guinea pigs which were neither in-
fected nor vaceinated and received

no drug. They gerved as the -
‘‘healthy controls’’.
Groups A, D, and B, received

sucrose solution mixed with lettuce
during the period that groups B and
C received isoniazid treatment.
Immunity was expressed in terms
of the average survival time of each
group, caleulated from the day of
infection with H3TRv or 134 days
after the vaccination with BCG. The
observed difference, «OD’’ (Table
1), obtained by comparing the aver-
age survival time of the non-vacei-
nated ¢“tuberculous controls’” of
group D with each of the other
groups, gave a measure of immunity,
or resistance to tuberculous infec-
tion. This observed difference, di-
vided by the standard error of this
difterence, < SE-diff”’, gives the re-
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liability quotient OD/SE diff  fection with H37Rv, while the mor-
(Waugh, 1938 :157) for each group tality rate wag considerably lower
thus compared. A quotient of 2.0 or  fop the “immunizeq treated tuberen-
higher wag acceptable because of the lous™ animals of group B. During
small numbers of animalg used, and  the first three months the death rate
indicated that the likelihood was of the former was three times that
21 to 1 that these results were not  of the latter, and at seven monthg
due to chance occurrence.  Appro- when none of the tuberculous con-
priate precautions based on the small trols were alive one-third of the im-
numbers used were taken in each munized guines Pigs were living,

instance in estimating the statistical There was little difference in the

reliability. mortality rate between group B and
The animalg were dissected care- each of the other immunized groups,
fully to establish gross evidence of A and C. BEach group showed some
tubereulosis. The post mortem rat-  degree of Dbrotection, for at any time
ing was estimated according to the during the survival period the per-
method of Sher ang Kloeck (1946 cent of survivors was greater than
51). i that of the “tuberculous contro]’?
group.
Ninety percent of the “‘healthy
All of the animals includeq in  control?’ animals of group H' were
Table 1 gained weight constantly glive gt 12.5 months when all of the
during the 134 days between vacel-  animals of the other ‘groups were
nation and the challenging infee. dead. The mortality rate of group
tion, at which time they weighed  F wag very much lower than that of
between 600 ang 800 gms. On thig “the other groups,
basis the animalg reacted similarly The average survival time caley-
to the normal 8Toups up to the date lated from the day of injection with
of the challenging infection with H37Rv was considerably longer for
H37Rv, regardless of whether or not group B than for the “tuberculoug
they were previously vaccinated as eontrol’’ animals of group D. The
In groups A and B or infected and observed difference of Gg days por-
treated as in group C. These results trays a partial resistance against g
are similar, in effect, to those ob- virulent infection with g reliability
tained when BC@ vaceination did quotient OD/ SE difr of 2.1 (Table
not increase the mortality rate of 1). Although the observed differ-
guinea pigs (Sher and Czaja, 1956 . ence of 88 days between groups A
94), and isoniazid provided complete and D wag somewhat greater, the
Protection against g virulent infec. reliability or statistical significance
tion during 3 similar period (Sher, wag somewhat less thanp that ob-
et al., 1957 :297). tained for group B, However, for
The nhon-vaceinated ‘“tuberculous a similar group (Sher- and Czaja,
controls’” of group D (Fig. 1) 1956 :93) of 18 guines pigs the aver.
showed g rapid and almost constant  age survival time was 206 days as
mortality rate during the Seven  compared to 209 days for group A
monthg following the challenging in- and the reliability quotient of 2.8

Resunrs
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was highly significant statistically.
This comparison Permitted greater
confidence in the results caleulated
for group A,

Calculation of the observed differ-
ence between the average survival
times of the two BCG vaceinated
groups, one without and the other
with isoniazid treatment (groups A
and B), gave a relatively small value
of 22 days, which proved to be sta-
tistically not significant,

The observed difference of 71 days
for the “treated, reinfected group”’
showed approximately the same de-
gree of immunity ag that obtained
with BCG vaceination and isonia-
zid. The quotient of 2.1 was accept-
able. This observed difference ap-
broximated the value of 75 days ob-
tained from a similar series of 52
animals, and these latter results were
highly significant stéitist-ica.lly (Sher,
et al., 1957 :297). '

An average survival time of 292
days was caleulated for BCG vace-
cinated .animalg which  received
neither isoniazid nor a virulent chal-
lenging infection (not tabulated).
This result was sufficiently high to
require no detailed statistical anal-
Vsis to establish that a subsequent,
virulent infection shortened the lives
of these vaceinated animals. On the
other hand, thege BCG vaccinated
animals did not live as long as the
““healthy controls’’, :

Upon anatomical examination
each ““tuberculous control’ animal
showed severe tuberculoug changes,
except for the one guinea pig that
died two weeks after the infection.
In this instance the gross, post-
mortem rating (Sher and Kloeck,
1946:251) wag 20%. In another
anima) the rating wag 60%, and for
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the remainder it was 1009%. The
post mortem ratings for the immu.
nized groups ranged from 385 to
100%. These latter showed severe
tuberculous mmvolvement, - but to a
lesser degree than that of group D.

Discussion

When guinea pigs are vaccinated
with BCG in combination with igo-
niazid, Ieasurable benefits in the
form of immunity or resistance
against tuberculosig are obtained.
From Figure 1 it i apparent that
during the three months immediate-
ly following the inoculation with
H37Ryv, the mortality rate of the
vaceinated animals Wwas  markedly
lower than that of similarly infected,
non-vaceinated, control animals.
This may be attributed to the slow
initial rate of bacillary growth in
the immunized animals which pro-
duced only minimal or sub-lethal
amounts of tuberculosig up to this
point.

Some evidence of Immunity was
present also during the remainder
of the survival period even though
the mortality rate wag increased.
It is shown in Figure 1 that the
slope of the curve for the immunized
group (B) is shallower than for
the control group (D) for thig
period,

The accelerated mortality rate wag
associated with extensive tubercu-
lous involvement found on post-
mortem examination of the animalg
dying during this latter period. The
immunity deseribed here in the preg-
ence of this extensive involvement
corresponded to that found when
tuberculous guinea pigs were treated
with sulfone derivativeg (Sher and
Kloeck, 1953 66). In this experi-
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Tre. 1.—Survival of the different groups of guinea pigs.
Symbols indicate times of death.

mental study we found that the
treated animals lived more than
twice as long after treatment ended
than the entire life span of the un-
treated controls, despite the pres-
ence of large amounts of tubercu-
losis.

Txamination of the mortality
rates and nature of the eurves for
the vaccinated animals not receiv-
ing isoniazid, group A, and for the
¢treated, reinfected’’ animals of
group C led to practically the same
~ eonclusions as were obtained with
group B when each of these groups
was compared with the tuberculous
controls. Also, there was little dif-
ference between the immunized
groups A, B and C when they were
compared with each other.

There is no basis for a detailed
discussion of the slight deviations
observed in each curve as they ap-

pear in Figure 1. However, a sumnl-
mation of these and other factors
is inherent in the statistical data of
each group tabulated in Table 1.

These data showed that vacecina-
tion with BCG produced a moderate
degree of immunity, and that this
immunity was not significantly in-
fluenced by the administration of
isoniazid.  Although the average
survival time was somewhat less
with the use of isoniazid, the ob-
served difference between these two
groups was t0o small to be statisti-
cally significant.

SUMMARY

Preliminary experiments have
shown that the jmmunity obtained
when guinea pigs were vaceinated
with BCG was not significantly in-
fluenced by the administration of
isoniazid. '
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The immunity obtained when g
virulent tuberculous infection wag
Suppressed with isoniazid was ap-
proximately equal to that obtained
with BOG vaccination.
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