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Discussipn end Summary

The present report gives the results of a serles of experimental
studies begun in 1943 and alded by a'contract between the Office of
Navul Research, Depertment of the Navy and the Saranac Leboratory of
the Trudesu Foundation; previous contract number N7onr—307 Task II
NR 131-211 and current number NR 105-002. These studies pertcin to
vaccines derived from perticular BCG strains under cultivation in the

Tice Leboratory end relate to the original study conducted under this

contract.

(Discussion and Summzry continued on folliowing page)
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BCG VACCINATION IN SILICOSIS

This report Ferfains to experimental studies concerning tﬁe
course of infection with attenuated BCG straing of tubercle bacilli
in tissue.under the influence of free crystalline silica. The studies
are extenéiéns of previous investigutions which have been conducted by
the Saranac Laboratory, some under contractvwith the Blological Sciences

Division, Office of Naval Research, Departm:nt of the Nevy, Weshington 25,
D. C.

The previous investigstions have been reported elsewhere (1, 2, 3).

The original report concemed studies employing the BCG strain S26L
S

supplied by Dr. . R. Rosenthal, Medical ' Director, Research Foundation,

Tice Leaboratory, Chicago,'Illinoia. The summary of thut report is as
follows:

1. The BCG organisms .spiead from an intracutaneous
site of inoculation in grines pigs and may
locelize in the the viscera, including the lung
and the tracheobronchial lymnh nodes.

2. The resistance of the host can be lowered by
the tissue reaction to guartz prarticles so that
the BCG orgsnisms in the dose used for vaccination
or - for infection by inhalation can preduce pro—
gressive and fatal oulmonary diseese.

3. BCG organisms recovered from tissue exhibiting
progressive disease have nct been altered by
growth in silicotic tissue for they Sshow no
inhancement, of virulence when subinoculated
subcutaneously in large doses (10 mg) into healthy
guinea nigs.

4. Veccination with BCG organisms does not prevent
or retard the development of tuberculosilicosis
produced by an infection with the attenuated Rl
atrain of the human-type tubercle bacillus in
the presence of inhaled quartz dust.

2.

M isrihl,
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Subsequent to the unexpected and striking observation that in-
haled cusrtz dust aliers the tissue susceptibility to &attenuated BCG
organisms, the Saranac Laboratory initiated a number of additional
investigations, which are related, but each of which ha® rsther well-
defined objectives. One of those investigations (2) was supaofted
by funds from the American Trudeau Soclety and by & James Alexander Miller
Fellowship award. Thet investigation concerned & series of experimental
studies to determine whether quartz dust would also have an adverse
effect upon infection with any of three other streins of acid fast
orgcnisms, namely: the attenuated bovine tubercle bacillus, BCG strein
Phipps 373 oBtainad from Dr. J. D ..Aronson; the avirulent, nyco-
bacterium tuberculosis variant,.HB7Ra strein; and the nonnathogenic
bacillus, Mycobecterium marinum strain. Since those studies are
relevent to the current report for the Office of Naval Resesrrch, it
seens pertinent.to include here a few statements summarizing certain
of the findings derived from those studies. The statements are these :

Th: experimentsl investigotions substentiate previous studies
-concerning the BCG strain Tice 8261 and demonstrate that:

1. Tubercle bacilli of the attenuated BCG strain Fhipps 373
‘ and of the avirulent human strain H37Ra may disseminate
from an intracutaneous site of inoculation. The
BCG orgenisms may seed the lung and the tracheo-
pronchial lymph nodes of normal end of sllicotic
guines pigs. The H37Ra organisms may secd the
tracheobronchial lymph nodes of silicotic pigs,
but those organisms were not isolated from the
nodes of the normel pigs or from the lungs of the
nornal or of the silicotic pigs. In contrast, bacilli
of the nonpathogenic M. marinum stresin remsined
localized at the intrscuianecus site of inoculation
and were not isolated from the lungs or nodes
of any of the animals.
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2. Tubercle bacilli of the attenusated BCG strain,
Phipps 873, may produce progressive and often
fatal tuberculosis as a complication of the
silicotic procvess in the 'ungs and tracheobronchial
lymph nodes of guinee pigs with prelonged ex-
posure by inhalation to crystalline free silica
in the form of quartz dust. Tubercle bacilli
of the avirulent H37Ra strain and of the non-
pathogenic M. marinum strain fail to accomplish
such effects.

3. Tubercle vacilli isolated from the lungs and from
the tracheobronchial lymnh nodes of both the sili-
cotic and the nonsilicotic guinea »7igs retained
the cultural characteristics of the organism (the
sttenuated BCG strain Phipps 373 and the avirulent
strain H37Ra) originally injected intracutaneously
into those pigs; and those bacilli exhibited no
enhancement of virulence when subinoculeted sub-
cutaneously in large doses (1C mg) into healthy
guinea nigs.

4e The mechanism whereby crystalline free silica in
the form of guartz dust deposited in tissue
accomplishes its adverse effect upon a complicating
tuberculous infection in silicotic guinea oigs
aprears to be a function of lowered tissue immunity
rather than of direct action of the silica upon
the infecting tubercle bacillus.

5. It should be emphasized that the observations
" noted were derived from experimental investigations
with animals and that the findings apply only
to the influence of inhaled quartz dust upon a
tuberculous infection produced by BCG organlsms
in guinea pigs.

Other investigations (3) were supnorted by the Office of Naval
Resezrch and are the major subject of this renort. They were degigned
in order to verify the results of previous studies (1) concerning
the Tice strain of BCG organisms, to establish the manner in which
crystzlline free silica exerts its adverse effect upon a tuberculious

infection, and to determine the length of the post vaccination neriod

during which this adverse effect can cccur.

-
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Experimental Protocol

The series of investigations comprising this revort may be considered
from the point of view of a number of separate, but related experiments,

identified asg follows:

Experiments 1 and 2(Saranac Laboratory numbzsrs 1133 and 1160):
The influence of inheled silica uvon infection produced

in guines »nigs and dogs by intracutaneous BCG vaccines

(Tice strains 2c¢5L, 390L, 907L) prepared in the Tice
Leboratory and forwarded by air mail to the Saranac
Laboratory. )

Experiments 2, 3, and 4 (Saranac Laboratory numbers 1160,
1150 and 1154): The influence of silica upon infection oro-
duced in dogs, rabbits and guinea pigs by intracutaneous

BCG vaccines (Tice strains ¢26L and 924L) prepered in the
Saranac Lakoratory.

Exoceriment 5 (Saranac Laboratory number 1132): The
influence of inhaled silice upon infection produced

in guinea nigs by intrscutareous vaccine, fresh and
four days old respectively (Tice strein 924L) prepered
in the Saranec Lsborstory.

F operiment 6 (Saranac Laboratory number 1153): The
vulmonary resction of guinea pigs to inhaled silica
and to an inhsled susovension of dead BCG organisms
(Tice strain 82rL) in a vaccine prepared in the
Saranac Laboratory.

Experiment 7 (Saranac Laboratory number 1200): The
influence of inhaled silica upon infection oroduced

in dogs by intracutaneous BCG vaccine (Tice strain 924L)
prepezred in the Sarsnac Laboretory.

Experiment 8 (Sarenac Leboratory number 1226): The
influence of daily parenteral cortisone (cortone
acetate) upon infection in guinea pigs oroduced

by intracutaneous BECG vaccine {Tice strain Q<6L)
prepared in the Saranac Laboratory.

Voodi
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Erxperimental Meterials and Methods

ECG organismgs: The BCG strazins were obtoined originally fram
the culture depot of Tice Laboratory, Chicago,

Illinois. The strains were forwarded to the Carsnac Lezboratory where
they were mainteined on glyceroleted-water-cotato medium, on ATS
medium, or on both mediums. Later subcultures were made on liquid
Sauton's medium to produce a surface film of bacterial growth for
the vaccines which wers prenared by the Saransc Laboratory, The
verious strains employed were the 826L, used in the original experiment (1),

and its daughter strzcins 335L, 390L , 907L and 724L,

Vaccines: Tne vaccines used in the verious experiments identified
previously have a very dirzct relationship in that
each one contained the orgenisms of a cultured struin of BCG which
was derived genetically from the BCG strzin 326L, The vacecines

differed, however, in their prevaration and subsecuent hendling.

In the instance of erperiment 1 and for part of experiment 2,
the vaccines, three in number, were preparcd in the Tice Laboratory,.
These vaccines, suspended in fluid and conteincd in smsall vials,
were shipoed in thermos bottles by air mail from Chicago und were
recelved from 2 to 4 days later in Saranac Lake. Upon receint, the
respective vzccines were dilutcd‘ggfone part Sauton's medium and three
perts of 0.85 ver cent sodium chloride. Sufficient dilucnt was added
to make a2 finel emmcentration which would permit the desired dose

of a vaccine for each snimal. Ziehl-lNeslsen smears mede from each
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vaccine revealed many acid fast organisms as single bacterial units;

however, a number of smell clumps were also present.

In all the other experiments (part of experiment 2 and experimente 3 to

8 inclusive) the vaccines were prepared in The Saranac Laboratory from
cultures as received from the Tice Laboratory or as maintained
subgsequently on glycerclated-water-potato medium, on ATS medium or
~on both mediums. In each instance, the respective culture was
subcultured on glycerolated-water-potato medium. At the end of

two weeks incubation, the film growth on tiie fiuid portion of the
medium was transferred to several flasks of gauton's medium. After
twelve days incubation, the surface film was removed and placed
between sterile pads of blotting paper to remove excess moisture.

The dried film was weighed and then triturated lightly in a sterile
mortar with pestle in a diluent consisting of one part Sauton's
medium and three parts of 0.85 per cent sodium chloride. Sufficient

diluent was then added to meke the desired final concéntration of

each vaccine.

The vaccine employed in experiment 6 was precpared as described
in the preceding section. In addition, in order to obtain as uniform
a suspension as possible for inhalation, the vaccine was centrifuged
for 6 minutes at 1500 r.p.m. The resultant supernatant, collscted
in a vial, was heated for one hour in a water bath at 60 degreces
~entigrade. The concentration of killed bacilli was such that there
vere approximately 100 singly dispersed acid fast bacilli in an oil
immersion field of a smear one square centimcter in area produced

-7 -
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by a semnlc delivered from a loop 3mm in diemeter. The injection
of 10 mg subcutaneously into a serics of healthy guinea vigs prcduced
only small local lesions without disease in the draining lymph nodes

or elsewhere in other tissues of the body.

Viability of vaccines: In the case of experiments 1, 2 and 5, the

resvective vaccines were studied for viability
of bacilli. Each vuccine wes diluted with 0.1 per cent bovin= albumin
in distilled water. Severate drops of the diluent, usually 10'6, 10'7
snd 10-?)were inoculated on to the surface of a number of pvlstes of
oleic-acid slbumin-agar mediurn (4) using the technicues described by
Fenner et al (5). The extent of growth was determined by reading the
numbers of vieble bactcrial units (colony counts) at intervels of 2, 4

and 6 weeks.

Vaccination: In &all experiments excent number 4 (1154), the
intracutaneous vaccinstions were accomplished by
injecting into each animal & volume of tne suspension containing 0.1 mg
of the respective BCG strein of orgenisms. The animels in experirent 4
recelved 0.015 mg of the organisms. The injection was mazae into the

skin of the shsved flank.

In expzriment 3 (1150), the vaccine was injcct=d into the ear
vein of rabbits, each of which received a2 dose consisting of 1 cc

conteining 0.1 mg of the BCG orgenisms .

For the inhalation expwriment, using killed organisms, the vaccine

was wlaced in a DeVilbiss atmedzer. Each cnimal wes exnosed to a soray
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produced by twelve puffs from the atomizer and delivered during a
period of one minute. Complete detzils for the inhalation method

routinely employed by this laborztory have been described elsewhere (6).

Dust _exposure: The méthods for exposing enimals to quertz dust
by inhalation have been described in deteil in

other publications (7). Briefly, the technique consisted of exposing
the animals to a cloud of the fine quartz particles disseminated in
the air of & room by mechanicel devir»s designed to broduce the desired
dispersion and concentration of particles in the atmosphere. Samplies
of the atmospneric dust were collected from time to time with a
Greerburg-Smith impinger apparatus. Study of these sam>lecs by the
light field microscope technique (2 and 9) revealed that th2 atmosnheric
concentration of the dust was approximately 500 million rarticles per
cubic foot of air. An analysis of the size distribution of the
particles showed that more then 99 ner cent wers less than 10 microns
in diameter. Chemical analysis showed & total silica content
great=r than 99 per cent. The animsls in sll the inhalation experiments
of this report were exposed to the dust for approximately eight hours

daily, 55 days a week. At other times they lived in nom.al air.

Cortisone: Saline suspcension of "ecertone" acetate, Merck.

Each guinea pig received dilgfly 4 mg injected sub-

cutaneously into the groin or the axilla.

Animsls: The guinea nigs were from the colony btred and reared
in the Trudeau Animal House. The rabbits and dogs were

purchased in the open market.
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Exverimental Kesults

Experiment 1 (3133): Inhalation of quartz dust and intracutaneous

BCG vaccine in guinea pigs.

The studies comprising this exneriment were preosented in detail
in the previous progress report (3), and therefore only brief mention

will be made here of certain deta.

The two vaccines, from BCG strains 235L and 39OL/ vere prepared
by the Tice Laboratory and were received approximately three days
iater in Saranac Leke. Viability cbunts of each vaccine reveesled
830 million units of BCG organisms per ml of the =«35L vaccine and

370 million units per ml for the JI0L vaccine.

The data summerizing the results ars presented in table 1 of
this current reonort. OSuffice it to state here that the data demor -
strate that the BCG organisms of strains 325L and <90L migrate from
an intracutaﬁeous site of inoculation in the guinea zig and that
sore of those organisms 1localize in the viscera, including the
lungs and the tracheobroncnial lymph nodes. 1In that respect thesg
results agree with those in the original experiments (1) in which
the mother BCG strein 826L wuas employed. However, the results do not
completely agree with tﬁe original findings since the occurrence of
detectable progressive tuberculosis was ruch less frequent and less

advenced in the silicotic animals @and since there were relatively

fewer deaths from tuberculosilicosis. These differ=nces were disturbing

10—
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and therefore a series of new experiments wérg initiated in an attempt
to discover the possible reasons for failure in agreement between the

experiments.

‘Experiment 2 (1160): Inhalation of quartz dust and introcutenecus

BCG vaccination in dogs.

This experiment was conducted not only to extend the original
study (1), but more specificelly it was designed to determine; by
the use of long lived animals such as the dog, the length of the
ngcat veccinstion pnerind during which a nulm&nary infection resulting
from an intrscutaneous locali;atibn of BCG organisms would be cubject

to the adverse influence of inhaled quartz dust.

The discancerting results,with the guinea oigs in exverirent 1,
directed attention to the group of dogs which had received the vaccine
prepared by the Tice Laboratory from BCG strain 3070, a daugnter
strain of 4z6L. Three silicotic dogs, 6, 7, and &, teble 2, had
been killed; one at 265 days and two.at 395 days after vaccinetion.
They failed to show any evidence of soreading tubercuiosis as 2
complicating feature of the silicotic brbcess present in their lungs

and tracheobronchial lymph nodes.

In view of those négative findings, end beczuse of the vossibility
that the orgenisms comprising the particular vaccine used may have
lost much of their ability to multinly in silicotic tissue, the sur-

viving dogs, 1 to 5 inclusive, and living in normal air, were revaccinated.

s
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This vsccine was prepared in the Saranac Laboratory and was derived

from the BCG strain 924L, also a dé@endant of strain 826L, but

culturally mainfained in the Saranac Laboreatory. Viability counts

of this vaccine revealed 210,000,000 units of organisms per ml.

Each dog received intracutaneously 0.5 ml of the vaccine, squivalient

to 0.1 mg of BCG orgenisms . Subsegqently three of the dogs,

number 3, 4 and 5, were kept in the dust room in which quartz dust

was disseminated; end the other two dogs , 1 and 2, were kept in

normal air to cerve zs control animals to the BCG vaccination.

In summary, all dogs developed lesions at the 3zite of the intra-

cutzneous localization of the vaccine. The lesions producad by the

first vaccination developed slowly and by 21 days had orogressed to

maximum induration, which was =zccomoanied by ulceration in seven of

the eight dogs. Subsequently, the lesion in cech of the dogs begen

to healland by 42 days it exhi.ited grcss retraction with the formation
of scar tissue. . At that time and during the succeeding 15 deys, all
dogs were tested with qld tuberculin. The tests were negative to
0.0003 cc of 3 per cent, 0.003 of 3 per cent and $.015 cc of 15 per

cent, but strongly positive to 0.1 cc of 100 per cent tuberculin.

The cutaneous 1esions‘produced by the second dose of vaccine
developed Taridly with definite induration at 9 dsys, ulceration in
three dogs st 14 days and in another at 20 days. The lesion in one
dog feiled to ulcefate. By 55 days the lesions in all dogs had re-

gressed to scar formation.

=] iD=
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Tuberculosis has not been discovered in the organs, including the

lungs end trachedbronchial lymph nodes, of any of the dogs th@s far

killed at neriods as long as 940 days post vaccination and 545 days

vith inhalation exposure to cuuartz dust. The remaining two dogs of

this experiment will be killed at a later date. It is anticipated,

however, that the results in them will not be significantly different

from those alreedy observed.

Thus, this experiment failé to meet the designed objective,
because spreading tuberculosis did not develop in the silicotic dogs.
In retrospect, these negative results with dogs might nave been
anticipated in view of the subsequent findings in guinea pigs

vaccineted with the same strein of BCG organisms.

Evperiment 3 (1150): Intr:venous injection of quartz dust followed

by intravenous inoculation of BCG organisms into rabbits.

This exneriment constituted part of the studies of the previous
renort (3) and is introduced here feor comoleteness of this report.
The objezt of this erneriment was to determine whether quartz per£icles
injected intravenously @nd locslized in the spleen, liver, hepatic
lymph node and lungs woula stimulate in those tissues a pnicogressive
tuberculosis initiated by the intr:ivenous inoculation of é definite

dose of BCG orgunisms .

The vaccine wes nrepared in the Saranac Laboratory from a culture
of BCG organisms, Tice strain 826L. Four rabbits were injected twice

vweekly for 10 weeke with 5 cc of a 0.5 ver cent suspension of quarts

L5
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narticles 1 to 3 microns in size. Thus, each rabbit received a total
cdose of 0.5 grams of quartz dust. These four rabbits and four additional
infection control rebbits were then inoculuted intravenously with en
amount of vaccine containing 0.1 mg of the BCG organisms . One
animal from each grouo wes killed at 30, 60 and 120 days after in-
fection and the surviving snimal in cech group was to be killed
35 days after infection. HowgVer, since the last animal in the
group exposed to dust died at 210 deys, the experiment was terminated

at thet time by killing the last infection control rabbit.

The resmlts of this exveriment are summarized in table 3. It is
noted that there was marked increase of tubsrculous dissuse in the
hepatic lymph nodes in all of the rebbits in the dust-exnosed group
ag comnared with the emount of disease in thz hevatic lymo>h nodes
of the infection control group. This Qas not unexvected because it
is & common obser?ation that following the int?avenous injéction of
quartz dust a large amount of that dust is quickly deposited in

the hepatic lymph node.

The livérg of the rebbits of both grouos shewed no differehce
in the amount of tuberculous diséase. In the snicens of the rabbits
of the. duct-exposed group it was imnossible to differentiate micro-
scopically whether the minute collections of macrorhiges present in
the tissue were stimulsted by the quartz dust ar by the BCG orgenism.
This difficulty arises from the fact that in th~ rabbit colleclions

of macronhages resvond to the stimulation of vuartz dust and slso

-1/~
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to the stimilation of the tubercle bacillus. Detection of acid-fast
organisms in such collections would have aided in the interpretation
of the disszse in that org=n. In the lungs, for the first two months,
there was & definite increese in the number and size of the tubsrcles
in the rabbits receiving quartz dust, as compared with the infection
control animals. Subsequently; the pulmonery tuberculosis resolved
in the lungs of the rabbits of both groups. In the kidneys there
was no evidence that the quartz dust had unduly stimulsted.the
tuberculous discase, which was no more severe than in the kidneys
cf the infection control animals., Organisms were isolated fron

the tissues, as noted in table 1l.

This éxperiment pertially substantietes thc original observations
that the locslization of BCG orgenisms in tiésue under the influence of
free crystelline silica may eventuate in the develovment of tuberculous :
disease. However, the results, feil to fully corroborate the prsvious
observations since the tuberculous diseas¢ which occurred was less

extensive and less progressive than anticipated.

Experiment 4 (1154): - The inhalstion of cuartz dust and intrscutaneous

veceination with a omall dose of BCG orgenisms in guines nigs.

The object of this expariment was tc determine whether a
vaccinating doss smaller thsn that used heretofore could liberate
sufficient numbers of viable orgenisms into the lung and trach:o-
bronchial lymph nodes which under the influrnce of silica would

develon subsecuently s soreading tuberculo-silicosis. For that

=115
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purpose a series of guinea nigs we® inoculated intracuteneously with
0.015 mg of vaccire prepared in the Saranac Laboratory from the BCG
strain 826L of the original exveriment (1) znd growvn in the Saranac

Laborstory.

The results of this expsriment are summérized in teble 4. It
will be observed thet none of the nigs developed spreading tubcrculosis,
irrespective of whether they were of the silicotic grour or of the con-
trol group living in normal air. The :mall dose of BCG veccine usad
may be a factor resoonsible for the failurc of this experiment to

verify the original study in which &« dose avproximately seven times

greater was used.

Experiment 5 (1189): Inhslation of quartz dust and intracutaneous

vaccine, fresh and four deys old, of thz ECG strain 924L in puinea
oigs. |

As stated previously, the results obtained in the original
experiment (1) were not completely verified by the results of
expariment 1 of this reoort. It will be recalled that both exneriments
utilized vaccines of BCG organisms, the former experiment strain
826L and the latter exn:riment the dsughter stroins 385L and 390L.
In attempting to determine the reesors for the lack of verificetion,
the experiments were scrutinized for possible differences in techniques
which may have been responsible. It was recognized that in combarison
with the BCG strein used in the original exveriment, the daughter
strains may have become further attenuated, if not avirulent, dur'ng

the course of the sub-culturing prior to preparation of the vaccine,

16—
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and thus may heve lost their capecity to produce progressive tuberéulosis
in silicotic tissue. The exporiments differed, however, in sanother
seemingly more importent respecti, namely: in the originsl study a
véccine was used which was ffeshly orensred in the JSarsnac Laboratory
and immediately injected into the animals; in the second study, experiment 1
of this report, the vaccines were orcparcd in the Tice Laboratory and
Iflown by air to Saranac Leke. However, <pproximately four days elapsed
between the preperation and tue use of the Tice vaccines. It wes
thought that the elavsed time may have lesscned tne viability of the
organisms contsined in those vaccines and thus mey have accrunted for
the observed failures. Conseouently, exniriment 5 was initizted to

determine whethezr the age of thz vaccines may nave been resconsible,

The vaccine employsd in experiment 5 was prepasred in the Saranac
Laboratory from the Tice strain 924L, &lso & daughter stfain of the
original 826L. The streain 924L was being muintained on cultures in
the Saranac Laboratory. Immédiately aftsr oreparction, the fraesh
vaccine was tested for viability. A measured amount of that veccine, -
containing 1 mg of orgenisms ner ml, wes mixed with 0.1 per cent
bovine albumin in distilled water until 100, 1077, and 107> dilutions
vwere obtained. Aliquots of each dilutien, meaéuring 0.02 mi, wilc
inoculated on to the surface eof nlates of oleic-acid albumin-ager
medium of Dubos (4). The plates were incubat;d and reed 7t 2, 4 and
6 weeks. The average rezding of the oletes revealed 210,500,00) units

of organisms per ml. Immediately af'ter preperation ths fresh veccine

was injected in a series of guinca oigs e:ich of which receivid intra-
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cutanéously'a volume of 0.1 ml containing O.l.mg of BCG orgenisms .
At that time, a portion of the vaccine was placed in the refrigzrator
at 35 degrees Farenheit where it wis kept for four days. After re-
frigeration, tests for viability revsaled &n avsrage of 172,000,000
units of orgenisms per ml. Immediztely after refrigerstion, the four
day old vaccine was injected intracutaneously inito a cscries of vigs,
each pig received a volume of 0.1 ml cont?iniug 0.1 mg of BCG

organisms .

With rgspect to the inhalation of cuartz dust, the exniriment,
involved thre: groups of guinea pigs, namely: a group which had 120 days
of dus£ exposure cvrior to vaccinstion; & second group in which the ex-
vosure to dust and the veaccination were initiated si&ultanaously;
and a third group which had no sxposurc to the guartz dust and which

served as the infection control animals.

The detailed results of the experiment are recorded in tables 5
to 10 inclusive. The pertinent data is summerized for comparstive
purvoses in tebles 11 and 12. It will be noted thetr following
vaccination, all animals manifested vositive skin reactions to
intracutaneous old tuberculin. The tuberculin recctions in the
various animels renged from I+ to A+ on the first test and in
most animales had declined on other tests during the subsecuent
months. In addition, the frequency of 3% and 4¥ rcéctions was less
pronounced in the silicotic oigs than in the non-silicotic infection
contrél aninals. .Irrespective of these reactions, however, thncre

wes no significant difference in results observed in the various

<18
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groups of animals. A positive culture was obtained from the lung or
from the trachcobronchial lymph node of a very occasional animel.
Only one of the silicotic enimsls, #35 killed at 132 days after
vaccination, tables 6 and 11, revealec an isolated non-soreacing
tubercle in a trecheobronchial lymoh node., Other pigs, whethser
silicotic¢ or non-silicotic, remained free of detectablc orgen tuberculosis
following their vaccination. Thus, there was no demonstrzble diffsrence
in the infectebility of fhe fresh vaccine as contrasted with thet of
the four day old veccine prepared from the same BCG strain of organisms.
It is importent to note here that the organisms <ubcultured from the
tissues of some of the animals were tested for virulence by injecting
10 mg subcutaneously into a series of healthy guines pigs. The pigs
vhich were killed for study at intervals up to 240 days after injection

have 8hown no evidence of tuberculosis .

Although this exn=riment also felled to verify the original
observations (1), it demonstrated tnat in the instince of these
experiments <the age (not older than 4 days) of the vaccine was not

a fector resvonsible for the failure.

Experiment 6 (1153): Inhalstion of cuartz dust and inhzlstion of a

vaccine of dead BCG organismg in guines oigs.,

During the course of the experimental studies concorning inhaled
cuartz dust and its effect upon intection nroduced by BCG orgsnisms,
it became important to know the extent to which a silicotic orocess

in the lung would be modified by the deposition of small numbers of

T



X

R STRI TR DT

R T

R e o e g

&igat revort 12-31-53 USN
N7onr-307 NR 131-211, NR 105-002

dead BCG orgenisms such as may be disseminated from an intracutaneous
site of vaccination., Although similar studies had been carried out
heretufore with other stricins of tubercle bacilli, experiments hed
never been conducted with strzins of BCG crganisms . Therefore, a
group of fourteen guineez »igs which had been exposed for three
months to the inhalstion of quartz dust were exposed by inhaletion,
for 1 minute as previously described, to a spray of BCG organisms
derived from strain 826L under cultivetion in the Saranac Leboratory
and killed by heating. The animals were immedistely returned to

the dust room whe;e their exposure to quartz dust wus continued.

In addition, anothsr group of ten pigs wos similerly exnosed to

the atomized spray o? the same vaccine. These >igs were kept in

normal air and served es the BCG infection control animals.

Animals from each grouv were killed for study at 90, 130, 279,
365 and 540 days after exposure to the vaccine. The guines oigs
exposed to the inhalation of quartz dust exhibited & progressive
development of inflammatory reaction characteristic of the tissue

response to free crystelline silics. Initially, the rezction con-

.slsted of scattered focal accumulztions of macrovhages in the aglveolar

spaces with slight histiocytic onroliferation wnich thickened the
surrounding slveolar walls, Ultimztely, the lung znd the tracheo-
bronchial lymph nodes reveeled scattered fibrotic lesions with
pronounced hyalinization. There wss no evident modification of the
silicotic reaction by the dead BCG organisms which may havz been

deposited in the lung.

-20-
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The non-silicotic BCG control enimuls revealed initially only »

very rare microscopnic collection of macrophzges in an occasional

alveolar space. OSome of those collactions may have been due to

localization of BCG organisms$ however, they could not be differentiated

from siniler collections found occasionally in the lungs of healthy

guinee pigs. The tracheobronchial lymph nodes in all »igs rsmained

normel,

In view of these results, it is obvious that the progrescsive
tuberculous dissase with cavitation which occurred in meny of the
silicotic guinea oigs in the original and the subseuuent experiments

(1 and 2) could not have been due to dead BCG orgenisms.

Experiment 7 (1200): Intracuteneous veccination with & freshly orepared

BECG vaccine in dogs whose exposure to cust was inititied et different

periods of time after vaccineiion.

This experiment was undertaken concurrently with and as an
extension of evporiment 2 in which dogs were elso wmnloyed and in which
the experinental r2sults had failed ultimately to confirm pre-
vious observations (1) conceming ths adverss effect of inhalzg
silica upon infection with BUG organisms, Tice strains 826L.
Furthermore, this experiment also hed the objsctive to detormine the
length of time during which the BCG orgonisms dissemineted from the
intracutaneous site of vaccinetion to the lung and to the tracheo-
bronchial lymph nodes would remein sufficiently viable to be in-

fluenced by free crystelline silica deposited in those tissues.

S22



A A T R T O

e

e

fica

dimeds resort l1a-21-53 0
N7onr-307 NE 131-«11, NP.lOS-032

Consecquently, ezch ¢f six dogs was veaccineted intracutencoucly with

0.5 ml of a freshly vrepsred veccine containing 0.1 mg of BCG orgenisms

of the Tice strain 924L which was under cultivetion in the Serznac

Laboratery end which was used ziso in the sx»deriment 2 employing coge.

The inhalation exposure to guartz dust was sterted at diffcrent

intervals aftszr veccinetion, namely, imsediat:ly in two dogs,

anproximatecly seven nmonths later in one dog and 12 months efter

vaccinstion in another dog. Two dogs hove been kert in normal air,

The protocol of this experiment is summarized in table 13. It
will be noted that animel number 5 Zied seventeesn cuys after vaccination:
the rause of death remains uncetzrmined., Another enimel, number 6,
wzs killed for study at 540 deys after veccination. Its lungs &nd
tracheobronchial lymph nodes disclosced & nmoderetcly aavanced
silicosis of the simnle typve. There wes no gross evidence of

comflicating tubcerculosis .

The exneriment is a2 current one and will be reported upon 2t
a later date. In retrosvect, however, it is anticinzted that the
results of this experiment will not be significantly different fronm
those in exnerinents 2 and 5 in vwhicn doge znd guince pig~ vsccineted
with the same BCG strain of organisms also failed to verify the

original sxperiment (1).

J——
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Exveriment 8 (12:6): Intracuteneous BCG veccinstion and deily

subcutaneous cortisone in guines »igs.

The object of this experiment was to iesxn whether substances
other then free crystulline silica would zlso have zn edverse in-
fluence uvon BCG veccination ¢nd uron organicsms which nay disseminste

from the intracutencous site to distant tissues

Since adrenocorticotronnic hormone (ACid) ¢nd cortisone exert
a orofound effect on meny inflammatory reactions, beth infectious
and ncn-infectious, it wass expected tnat the course of infection due
to BCG organisms wculd be modified by these conpounds. Consecuently,

an ¢xp-rimental study was initicted wrdch involves the following

grouvs of guin=e pigs:

GROUP I - Vezccinstion sup:srimmossd unon cortisonec:

Deily cortisone sterted z/13/53
Vececination, 0.1 mg BCG, 2/27,53

Daily cortisone continued, 2/27/53

Cortisone discontinued, 12,26,53 25 cigs
GROUP II - Cortisone supurimposed upon vaccin: tion:
Vaccinetion, 0.1 mg =CG, 2/27/52
Daily cortisone sterted, 5/<7/53
Cortisonz discontinued, 1./26,53 <5 pigs
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GROUP III - Vacecinution control:

Vaccination, 0.1 mg BCG, 2/<7/53 25 nigs

GROUP IV - Wirulence test:

Veccineticon, 10 mg BCG, 2/27/52

N
N
(&)
-
o
m

The vaccine was prepered in the Seranac Laborztory from a culture
of BCG orgenisms, Tice strein 826L, which hed been maintained in the

latoratory.

The cortisone is ¢ saline suspension of "cortone! acetete
{Merrck). Each daily duce consists of 4 mg injected subcutsneously

into the groin or the axilia.

The experimental study is currently underway, but certain pertinent
observations may be made at thic time, teblie 14. Animels of Grouns 1, II and

TIT + * have been skin testea with ).1 cec of 3 per cent old tuberculin

m
cr
’J
s
ct
[¢]
s}

vals after vaccination. With reference to those reactions it
will be noted that there is considcrable variation in the intensity
of reaction menifested by the @aimels comorising ecch groug. In
general there is nc consistent significent difference in sensitivity
to tuberculin at the various rest.oeriods. This wag excected. lore
significant, howzver, is.the apparent fewer number oi animels with

id and Af-reections to the tsst et 18 weeksiand subseouently in the
cortisone grouns than in the non-cortisone-3CG control eaimals of
Groun III, Apperently the cortisone inhibits the development of the

inflamnation rcaction of the skin to tuberculin.

—cl-
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As of the dete of this revort animals of Groups I, IT end III
have been killed &t 120, 240 and 300 days f{ollowing vaccination.
They fall to show gross evidence of organ fuberculosis. ‘During the
course of the succeeding rionths, sdditional animals will be sacrificed

at intervels for nurposes of study.

The animsls in Group IV, wnich hed boen injzcted with 10 ng of
the vaccine for test of virulence,heve been killed et 3D, 62, 120
end 240 deys aft:r vaccinction., Hone of those animals reveal evidence
of gross .organ tuberculosis. Thus, it is apmarent that the BCG
organisms, Tice eirzin <&26L, during artificial cultivation d4id not

zcquire an enhanced virulence for normal guinea oigs.

In summsry, this exneriment 1s currently underway, and subsiquent
observetiors to be made on the remeining animels will disclose whether
(zily cortisone adninistered subcutaneously has zn effect upon in-

fection occasicned by BCG orgsnisms injccted intracutaneoasly.

Liscuesion and Sunmary

The rresent revort gives the results of & scries of exnscrimental
studies begun in 1948 cnd wided by a contr.ct betwsen the Office of
Naval Rese:rch, [esartment of the Navy and the Saranac Laborztory of
the Trudeau Founs:tion; previous contrect number N7onr-307 Task II
NR 131-211 &and current number NR 105-002. These studies opertuin to
veccines derived from nerticuler BCG streins under cultivation in the
Tice Laborztory anc r:lete to the originel study conducted under this

contract.
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The studies have been conducted concurrently or in seouence
with other studies supvorted by a grant fpom the Committee on
Medical Research §f the American Trudeau Society, Medical Section
of the National Tuberculosis Association, and with the help of a
James.Alexander Miller Fellowship award. These other studies concern }
respectively vaccines from a Phipps strain of BCG, end H37Ra strain

and the M. mariaum strain of organisms.

In the main, the overall objcctive of the combined s*tudies is
an attempt to establish the mechanisms ;hereby free crystalline silica i
exerts its adverse influencc upon tissue infected with tubercle
bacilli. More specifically, the objective is pointed primsrily to
exverimental infection preduced by vaccines containing BCG oréanisms.
Within the framework of that specific objective it should be mentionea {
here that BCG vaccine is defined &s a suspension of viable tubercle
bacilli derived from a bovine strain which has been attenusted to
the point where it is unable to produce progressive disease. This
definition i; a matter of conjecture. There exists some fear that
the bacilli might revert t01¥¥§ originel viruient state or thet
unfavorable circumstances in the host may lower the tissue immunity
to a degree ensbling the sttenucted bacilli to produce & progressive
tuberculous dissase. The exist®nce of Such circumstences in the
silicotic animal hsas peen demonstreted by the Saranac Laboratory
in studies involving at least two vaccines of two different BCG
strains of organisms. The résults with those vaccines were similar i-

in that the intracuteneous localiration of each had produced progressive

~26-
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tuberculosis in the lungs and tracheobronchial lymph nodes of silicotic

pigs. However, in the instance of one of those strains, Tice ¢26L,

vaccination with a daughter strain had failed to verify the original

results. Consequently, a series of experiments were conducted in

order to determine the factors resvonsible for that faijlure. These

experiments indicate that the vaccines prepared from subcultures of

that strain and from its daughter .strains contain orgenisms which:

1% Are viable as demonstrated by artificial culture
on suitsble mediums.

2 Produca significant lesions at the site eof
intracvtaneous localization in amounts of
0.1 mg.

3. Sensitize the host to intracutaneous test
doses of old tuberculin.

A Disseminate occasionally from the intracuteneous
site of vaccination to distant organes,

In .genersl, however, the experiments have failed to verify the
original study concerning the ability of.that varticular vaccine to
produce progressive tuberculosis in tissue under the influence of |
quartz. The question immediately arises as to whetherAér not that
vaccine was contaminzted with another strain of more virulent
bacilli. This does not eppear to te the case, however, since the
organisms recovered from the tuberculo-silicotic tissue in animals
of that study did not produce progressive tuberculosis when sub-
injected in lerge doses (10 mg) into non-silicotic pigs and since
ancther expnzriment employing a different vaccine, Phipps BCG strain,

corroborated the original study. Therefore, it appcars that:

27
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The Tice BCG strain 826L and its daughter strains
empleyed in these experiments are unstable.

Those streins under condition of artificisl
culture undergo continued attenustion :ven to
the point of being incepable of producing
progressive organ tuberculosis in silicotic
guinee pigs. In that respect those strains
act as the avirulent Ra dissociate of the

H37 strain of tubercle bacilli employed in
other experiments.
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INHALATION OF QUARTZ DUST AND INTRACUTAWEOUS BCG VACCINATION

TABLE 1
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{TICT STRAINS 8685L and 890I) IN.GUINEA PIGS
(Experiment 1 - #1133)

Sumary of Resuits

Group

buration of Observaticn

Number of Animals Observed

Animals XKilled

Animals Died

Cultures

Tuberculosis

No Pulmonary Tuberculosis
"Node Tuberculosis

Definite Pulmonary
Tracheohronchial Lymph

Of Pneumonia,ctc.

Of Pulmonary Tuberculosis

Tuberculosis
Node Tuberculosis

losis
Tracheobronchial Lymph

Definite Fulmonary
N2 Pulmorary Tubercu-

drganisms Isolatedx

1: Intracutaneous
BCG (Tice strain
865L) and Inhala-
tion of Quartz Dust
Simultaneously

months
.22

N
wm

=
5
0

o

L
o
A¥2 1

@]

2: Intracutaneous
BCG (Tice strain
885L) with Inhala-
tion of Quartz Dust
Started at 3 Months
After Inoculation

21

25

3: Intracutaneous
RCG (Tice strain
885L) with Inhala-
tion of Quartz Dust
Started 6 Months
After Inoculation

22

25

L: Intracutaneous
BCG (Tice strain
885L) with Inhala-
tion of Quortz Dust
Started 12 Months
After Inoculation

22

25

*Number of positive cultures from each group of animals

TABILE 1 continued on next page
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Group

Juration of QObhservation

Number of Animsals

Observed

Animals Killed

Animals Died

Cultures

e

monar

ul
Tugercu1051s
Trachesbronchial Lyﬁph

Definite Pulmonary
Node Tuberculosis

Tuberculosis

No

3f Pulmonar

Y

Tuberculosis

Of Pneumonigetc,

ry

Tefinite Pulmena
Tuberculosis
No Pulmonary
Tuberculosis
Tracheobronchial
Lymph Nole
Tuberculosis

Organisms Isolated*

5: Intracutaneous
BCG (Tice strein
885L); Infection
Contrcl Animals for
Groups 1, 2, 3, 4

months
22

»
\n

o
o
)
o

o

o
N
o

o

6: Inpalation of
Cuartz Dust for
6-1/2 Months, Then
Intracutaneous BCG

(Tice strain 890L),

Then Continuation
of the Exposure to
Quartz Dust

19-1/2

7: Inhaletion of
Quartz Dust for
6-1/2 Months, Then
Intracutaneous BCG
(Tice strain a90L),
and Removal of Ani-
malg. to Normal Air

15-1/2

20

g: Intracutaneous
BCG (Tice strain
890L); Infection
Control Animels
for Groups 6 and 7

19-1/2

20

XY

5 ;
Number of positive cultures from each group of animals
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LUST AND INTR#CUTANEOUS BCG VACCINATION

(Experiment 2 - #1160)

slND 924L) IN DOGS

Dog Vacci~| Dust | Re- Tust |Total [Totel Pathclogy
Number !naticn Ex- |vacci- Ex- Days Days
BCG | posure{nation |posure|Vacci-| Iust
207L BCG nated Ex-
924L pasure
days | days | deys | days | days | deys
7 %5 365 0 0 %5 %5 |3imple silicosis.
' No spreeding tuberculesis.
5 95 | 395 0 0 395 | 395 [Simple silicosis.
“o tubercuicsis.,
6 395 210 0 5 335 210  lgimole siliicosis.
Nc tuberculcsis.
3 295 D 1365 365 760 25 ISilicosis.
o tuberculoesis.
4 395 0 545 545 940 5.5 |Silicosis.
No tuberculosis.
5% 395 0 545+ PLE + 940 + | 545 +
control .
2 395 0 365" 0 760 O [No tuberculosis.
control
1# 395 0 |365+ | 0 760 ¥ 0

“Dogs #1 and #5 are still living.

SR
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TABLE 3
INTRAVENOUS INJECTION OF (UARTZ DUST FOLLOWED BY INTRAVENOUS INOCULATION

OF BCG ORGANISMS (TICE STRAIN 326L) INTO RABBITS
(Experiment 3 - #1150)

Animal ! Quartz BCG Mode Pathology
Number Bust Veccine of —
Death | Lung Liver Hepatic Spleen Kidney
Lymon
Node
days days
3 30 30 K IS-* NS -# CO-3 ™ O~
1 60 60 K IS-P NS-~P IS-* P NG-#
2 120 120 K 0-0 0~-P -~ IS-# =0 NS-#*
5 210 210 D 0-0 0-0 IS~ 0-0 0-0
7 0 30 K | NS-* NS-*  NS-* 0-* GH
6 0 60 K NS-P  NS-0 O—# NS-P NS#
8 0 120 K 0-0 0-p 7% 0-0 Hr¥
9 0 210 K 0-0 0-# E 0-0 Is-p
Key
K Killed for sampling
D Died
O HNo recognizable tubercles; no positive culture

NS Recognizable non-spreading tubercles

IS 1Isolated spreading tubercles

CO Isvlated spreading tubercles with coalescence

Positive cultures

No histology

No bacteriology

Small collection of macrophages, possibly due to
localization of tubercle bacilli but difficult
to differentiate from similar collection of
macrophages responding to quartz dust

N X Ty bg



o e e et

Final report 12-31-53 USN
N7onr-307 NR 131-211, NR 105-002

TABLE 4

INHALATION OF QUARTZ DUST .ND INTRACUTANEOUS BCG VACCINATION
WITH 0.015 mg BCG ORGANISMS (TICE STRAIN 326L) IN GUINEA

PIGS
(Experiment 4 - #115.)
Animal Guarte BRCG Pathology
Number Dust Infection
days lays
2 120 1¢0 Immature silicosis. No tuberculosis.
3 130 150 Immature silicosis. No tuberculosis.
5 365 365 Mature silicosis, No tuberculosis.
6 365 %5 Mature silicosis. No tuberculosis.
7 540 540 Mature silicosis. No tuberculosis.
8 540 540 Mature silicosis. No tuberculosis.
11 0 13C
12 0 130
13 0 365
14 0 365
15 0 540 No tuberculosis observed in the
16 0 600 lungs, tracheobronchial lymph nodes,
17 0 600 spleen, liver, hepetic lymph nodes,
13 0 600 kidneys.
19 0 600
20 0 600
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TABLE 5

INHALATION OF <UARTZ DUST FOR 1<0 LAYS,
THSN INTR&CUTANEOUS BCG VACCIWATION (FRESHLY--PREPAREL VACCINE TICE 924L)
WITH INHALATION OF QUARTZ DUST CONTINUED
(Experiment 5 - #1139)

Tuberculin Tuberculosis Organisms
Skin Test Isclated
& s B Lungs Tracheo-{Lungs Tracheo-
Guinea| Date Y o4 & 4 (Mode| Time bron- bron-
Pig of =L s of efter chial chial
Number|Infection|*® ¥ © =~ Deathi{Infection Lymph Lymph
Nodes Nodes
days
5 1-17-52 |4+ - - - K 60 0 0] 0 0
6 i 24 = - - K 60 0 0 0 0
1 It 2+ L+ = = K 120 0 0 0 0
2 i 34+ 24+ - - K 120 0 0 0 0
3 u 2+ 2+ - - K 182 0 0 0 0
4 o 2+ 24 - - K 1382 0 8] 0] 0
A U 3+ 24 2+ - K 244 0 8] 0 0
3 . 2+ 34 2+ - K 2L4 0 0 P P
20 i 3+ 3+ 2+ - |DPn 296 0 0 0 0
19 i 34+ 2+ 24+ - |DPn 301 0 0 0 0
9 o 3+ 24 2+ - K 305 0 0 0 0
10 ! 24 2+ 2+ - K 305 D 0 C 0
11 I 2+ 24 2+ - K 353 0 0] 0 0
12 il Lt 2+ 2+ ~ K 353 0 9] 0 0
13 y 24 2+ 2+ 2+ K 415 0] 0 0 0
14 l 4t 3+ 2+ 2+ | K 415 0 0 0 P
15 i 2+ 2+ 2+ 1+ | DPn 429 0 0 0 0
23 i 2+ 2+ 1+ 1+ | DPn 431 0 0 0 0
25 i 2+ 4+ 2+ 1+ {DPn 431 0 0 0 0
17 u 3+ 2+ 2+ 1+ |DPn 442 0 0 0 0
18 " 2+ 2+ 2+ 2+ |DPn LL5 0 0 0 0
16 " 3+ 2+ 3+ 3+ |DPn 466 0 0 0 0
21 " Lt L+ 2+ 2+ K 457 0 0 0 0
22 Y 2+ 3+ 2+ 2+ K 487 0] 0] P C
24 y 3+ 2+ 2+ 2+ |DPn 513 0 0 0 0

Tuberculin Test:
— Not done
1+ Induration « 10 mm diameter
2+ Induration ., 10 mm diameter
3+ Induration with ischemia
4+ Superficial ulceration
Tuberculosis:
0 No recognizable tubercles; no positive cultures
NS Recognizable nonspreading tubercles
IS Isolated spreading tubercles
CO TIsolated spreading tubercles with coniescence
CA Extensive areas of coalescent tuberculous lesions with cavitation

Killeda for sempling
Died

Nontuberculous pneumonia
No bacteriology
Positive

v xS o
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INTRACUTANEOUS ‘BCG VACCINATION (FRESHLY PREPARED VACCINE TICE STRAIN 924L)
AND INHALATION OF QUARTZ DUST SIMULTANEOUSLY
(Experiment 5 - #1159)

TN

Tuberculin Tuberculosis Orgenisms

Skin Test Igolated
NS Lungs Tracheo-jLungs Tracheo-

Guinea| Date w & 4 i Modej - Time bron~ bron-

Pig of B o of after chial chial

Number}Infection| ©» w o ~|Death{Infection Lymph Lymph

Nodes Nodes

days
31 1-17-52 |3+ - - .- K 60 0 0 0 0
32 n 34- - - | K 60 0 0 0 0
33 n 24 24 - = K 120 0 0 o] 0
34 " 3+ 24 - - K 120 0 9] 0 0
35 " H* - - K 182 0 NS 0 0
36 " 3+ 3¢ - - K 132 o] 0 0 0
49 " 2+ 3¢ - - | DPn 201 0 0 0 0]
37 o 3+ 3+ 2+ - K 244 0 0 0 0
38 N N B 24 - K 244 0 0 0 0
39 d 3+ 2 2 - K 305 0 0 0 0
40 i 3 2+ 2+ - K 305 0 0 0 0
41 n 3 3+ Ll - K d 0 0 0 0
42 4 34+ 24 24 - K 363 0 0 0 0
55 g 3+ 3+ 34+ 24| LPn 419 0 0 0 0
L3 N 34+ 34 2+ 14} K 425 0 0 0 0
Ll N 3+ 2+ 2+ 14| K 425 0 0 0 0
50 " 2+ 3+ 2+ 2+] K L34 0 0 0 0
45 n 4+ L+ 2+ 241 K 487 2 0 0 0
L6 n 3+ 4+ 2+ 24} K 37 0 0 0 0
L7 " 3+ 2% 2+ 2+ K 547 0 0 -0 0
48 i 24 2+ 2+ 240 K 547 0 0 0 0
51 i 2+ 2+ 2+ 24| K 547 0 o 0 0
52 " 3+ 2+ 2+ 2+ K 547 0 0 0 0
53 " 34 34 24 24 K 547 0 0 0 0
54, L 2+ 3+ 2+ 24| K 547 0 0 0 0
Key: see Ti4BLE 5
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TABLE 7

~Final revort 12-31-53 USH
N7onr-3C7 NE 131-211, NR 105-002

INTRACUTANEOUS BCG VACCINATION (FRESHLY PREP.RED VACCINE TICE STR.LIN 92uL)
INFECTION CONTROL ANIMALS
(Experiment 5 - #1139)

Tuberculin ' i Tuberculosis Orgenisms
Skin Test 4 Isolated
N N a® ! {Lungs' Tracheo-|Lungs Tracheo-
Cuinea Date w1 é & Modei Time bron- bron-
Pig of j o) e e i after - - chial chial
Number|Infection{® w & ~ Death Infectlon' ) Lymph Lymph
i Nodes Hodes
| days
30 1-17-52 - - - - LEn | 21 0 6] * *
56 it L+ = - = K 60 0 0 D) 8
57 i 34 = - = K 60 0 Q 2 P
58 L 3+ 4t - - K 120 0 0 0 0
59 " lig g = = K 120 0 3) 0 0
60 L bhe by — = K 152 oy 0 0] 0
61 L ba Le - - 1 K 132 0 0 0 0
73 L 4L+ L+ - - | DPn 193 0 0 0 0
62 L b hpp= 1 I 244 0 0 0 o)
63 i Lt L+ 34 - 1 K wlid, 0 0 0 0
64 g 3+ 3+ 4+ - | K 308 0 0 0 0
65 " L+ 3+ 3+~ 1 K | 305 0 0 © 0
66 " 3% 3% G = | K 363 0 0 0 0
67 Y 3+ 34 3+ - ! K 365 0 0] 0 (0]
79 " 2+ 3+ 3+ 34! DPn 35U 0 0 0 0
63 i L+ L+ L+ 3+ K Le5 0 0 0 2
69 L L+ L+ 24+ 34} K L25 G 9] 0 0
70 i 24 L+ 3+ 3+‘ K 407 i 0 ) 0] 0]
71 n 3+ 3+ 3+ 2+ K 487 ¢ 0 0 0 0
72 " L d+ 34 340 K | 547 0 0 0 0
A i 3+ 3+ 3+ 4+ K 547 0 0 9] 0
75 L 3+ 3+ 3+ 341 K 547 0 0 0 0
76 n 3+ 34 24 24, K 547 0 6] 0 0
77 " 34 4+ 4+ 3+] K | 527 |l o 0 0 0 :
73 " toar 303+ K| s 0o o 0. o0 1
i ' : i
Key: see TiBLE 5



TABIE 8

Report 12-31-53
Nfonr=307 = N7 131-211

IWHALATION OF QUARTZ DUST FOR 120 DAYS,
TIE INTRACUTA.EOUS BCG VACCINATION (FOUR-DAY-OLD VACCINE TICE STRAIN 92hL)
WITH INHATLATION OF QUARTZ DUST CONTINUED

(Experiment 5~#1189)

MR 105-002

e R

Tuberculin Tuberculosis Organisms
Skin Test _ . Isolated
Guinea Date o O A 2 Mode Time Tungs Tracheo=|lLungs Tracheo=
Pig of L N S | of after bron- bron-
Momber | Infectioni{® e~ = = | Death|Infection chial chial
' 1 ) ) e
Lo T I T Lymph Iirmph
Nodes Nodes
days
81 9=17=51 {34 - -~ = g 186 0 c 0 0
82 " 2+ - - - i 186 0 0 0 0
83 | n 34 24 = = K 186 0 0 0 0
8L " P 2@ e = K 186 0 0 0 0
85 n 2+ 24 - = I 308 0 o) 0 0
86 n 24 2+ -~ - - K 308 0 0 0 0
87 n L+ 2+ 2+ -~ K 371 0 0 0 P
88 " 2+ 34 20 - X 3711 0 0 0 o)
93 n L+ 3+ 2+ = DPn 376 0 0 0 0
ok i 2+ 24 2+ - | DPn 385 0 0 0 0
91 n 3+ 24 24 - DFn. 399 0 0 o . 6]
89 “ 2+ 34 2+ - K L31 0 0 0 P
90 m 3+ 2+ 2+ = K L31 0 0 0 0
99 n 24 2+ 2+ = DPn LE3 0 0 C 0
92 l 2+ 2+ 2+ =~ 5 K Lo2 0 0 0 0
95 " 3+ 2+ 2+ - X 192 0 0 0 0
100 n 3+ 2+ 2+ 2+ | DPn L97 0 0 0 0
96 n 2+ 2+ 1+ O K 551 0 0 0 0
97 n 2+ 2+ 2+ 1+ K 551 0 0 G 0
104 " 3+ 2+ 2+ 2+ | Dpn 591 0 0 0 P
98 n 2+ 2+ 2+ 2+ | DPn 597 0 . 0 0 o]
X0l i 2+ 2+ 3+ 2+ | Dfn 601 0 0 0 0
103 " 2+ 2+ 2+ O DPn 609 0 (6] 0 0
102 " 3+ 2+ 2+ 2+}| 'K 612 0 o) o) e
109 u 24 2+ 2+ 2+ ¥ 612 0 o] 0 9]

%ey: see TARLE @



TABIE 9

Report 12-31-53
liTonr-307 ~ NR 131-211

NR 105-002

IITRACUTAIEOUS BCG VACCINATION (FOUR-DAf—OID VACCINE TICE STRAIN 92LL)
AiD INZALATION OF QUARTZ DUST SIIULTANEOUSLY
(Experiment 5-#1189)

Tuberculin Tuberculosis Crgani.sns
Skin Test Isolated .
Guinea| Date N O B oE Jode Tine Lungs Tracheoe | Lungs Trachece

H.g of S S (R ) of after bron- bron-

Number{Infection I - B Death{Infection} chial chial

e T B S Lymph Lymph

Nodes Nocdes

days

106 [le2lmw52 [3+ ~ o~ - X 60 ¢ 0 0 0
107 it e « - = i 60 0 0 0 0
108 L 3+ 3+ - - e 121 0 0 0 0
109 " 2+ L+ - - o 121 0 0 0 0
110 " 2+ 3+ - - K 182 0 0 0 0
111 " 3+ 3% ~ = e 182 0 0 0 0
112 t 3¢ 3+ 2+ - i 2Ls 0 0 0 0
113 n 3¢ 3+ 2+ = X 245 0 0 0 0
- 128 u 2¢ 2+ 2+ - D 30l 0 0 0 0
11k Ll 34 3+ 2+ =~ K 305 0 0 0 0
115 " he L+ 2+ - 14 305 0 0 0 0
125 n 3+ 3+ 2+ =~ | DPn 308 0 0 0 0
116 ] 34+ 2+ 24 = X 366 0 0 0 0
117 n 2+ 3+ 2+ = K 366 0 0 0 0
118 " 3+ 3+ 2+ 2+ K L2l o 0 0 0
119 " b+ 3+ 2+ 2+ X L2l 0 0 §. 0
130 " L+ h+ 2+ Le| DPn | Ll 0 0 0 0
124 n 2+ 24 24 14 X 186 0 0 0 0
129 n 3+ 3+ 3% 241 1 L,86 0 0 0 0
123 4 3+ 3+ 2+ 2+ DPn 539 0 0 0 0
120 " 3+ 3+ 2+ 2+ X 5L 0 0 0 0
121 n 3+ 34 24 2+ X 547 0 0 0 0
122 n 3+ 3+ 2+ 2+| X 587 0 0 9] 0
126 " 3+ 3+ 2+ 2+] X sht C 0 0 0
127 " 3+ 2+ 2+ 1+ K o7 0 0 0 2

"Key: see TABLE 2
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TABLE 10

Report 12-31-53
N7onr=307 - HR 131-211

IR 105-002

INTRACUTAITEOUS BCG VACCINATION (FOUR=~DAY-OLD VACCINE TICE STRAIN 92LL)
INFECTIOHW CONTROL ANIIALS
(Experiment 5-/11839)

Tuberculin Tuberculosis Organisns
Sicin Test Isolated
Guinea| Date a | ode Tine Lungs Tracheoe | Lungs Tracheo=
Pig | of o o s W] of after brons bron-
thamber | Infection . N & o Deathi{Infection chial chial
S e - Lymph Tymph
Hodes Hodes
days
1 12152 {34 - = - K 60 0 2 0 0
132 i 2% = = -~ 60 0 o 0 0
155 n 3+ = = = | pmn 63" 0 0 0 0
133 n 34 3¢ - - K 121 0 0 0 0
13L " b+ 3+ - - K 121 0 0 0 0
135 n he b+ - =| K 182 0 0 0 -0
136 " 34 24 - - K 182 0 0 o 0
137 " b+ 3+ 3+ - K 2L5 9] 0 0 0
138 n 3+ 3+ 24 - 4 2l5 0 0 0 0
139 n 3+. 3+ 3+ - “ 305 0 0 0 0
140 n 3+ 3+ 34+ - K 305 0 0 0 0
Ul n 3+ 3+ 3+ - 4 366 0 0 0 0
12 n L+ 3+ 3+ - K 366 o] 0 0 0
143 n 3+ 3+ 3+ 3+ K L2l 0 0 0 0
1L n 3+ 3+ L+ 3+ K L2l 0 0 0 0
15 n L+ L+ 3+ 3+ K L86 0 0 0 0
16 " 13+ L+ 3+ 3+ K L36 0 0 0 0
147 n 2+ 3+ L+ 3+ K 5L7 0- 0 0 0
1L8 " L+ L+ 3+ 34| K ch7 0 0 0 0
149 Ul 3+ L+ 3+ 34| X o7 0 0 0 0
150 n L+ L+ 3+ L+] X ch7 0 0 0 0
150 " 3+ 3+ 3+ L+ K sL7 0 0 0 0
152 n 3+ 3+ 2+ 3+ X sh7 0 0 0 0
153 " 3+ 2+ 3+ 2+ K sk 0 0 0 0
154 n 2¢ 3+ 2+ 2+} X L7 0 0 0 0
Key: see TABIE
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Report 12-31-53
N7onr~307 — MR 1321~211
NR 105-002

TABIE 11
SUIMARY OF DATA OF TABLES 5, 6, 7

INTRACUTAIEOUS BCG VACCINATION (FRESHLY PRTPARED VACCINE TICE STRAIN 92LL)
(Bxperiment, 5=71189)

Study I* Study I | Study TIT¥*¥

Duration of observations
after infecticn 513 days 5L7 days 5L7 days

Number of guinea pigs obw
served : 25 25 25

Nuaber of guinea pigs with
pulimonary tubereulosis 0] 0] ; 0

Nunber of guinea pigs with
tuberculosis ot the trae
cheobronchial lymph nodes

(&)
'_.l
O

Number of guinea pigs vwith
organisms isolated fron
the langs

rd
-l
o

Mumber of guinea pigs with
organisms isolated from
the traclieobronchial
1ymnh nodes 2 0 1l

¥Study I : Inhalation of quartz dust for 120 days, then intracutaneous
BCG vaccination with inhalation of quartz dust continuved,

Mstudy IT ¢ Intracutaneous BCG vagcination and inhalation of quartz dust
similtaneously,

¥etgtudy III: Intracutaneous BCG vaccination; infection control animals,



ey

TABLE 12

Report 12~31=53

SUITIARY OF DATA OF TABLES 8, 9, 10
INTRACUTAIZOUS BLG VACCINATION (FCUR~DAY-OLD VACC'NE TICE STRAINM 92&L)

(Experiment 5-#1189)

N7onr-307 = MR 131-211
NR 105-002

Study 1Vv¥

Study v¥#

Study V¥

Duration of observatic.s
after infection

612 days

5L7 days

SL7 days

Number of guinea pigs ob=
served

25

25

Number of guinea pigs with
pulmonary tuberculosis

Number of guinea pigs vith
tuberculosis of the tra-
cheooronchial 1ymph nodes

Number of guinea pigs with
organisms isolated from
the lungs

Number of guinea pigs with
organisms isolated from
the trvaeobronchlal
lymph nodes

*study IV: Inhalation of quartz dust for 120 days, then intracutaneous
BCG vaccination with inhalation of quartz dust continued,

**Study V ¢ Intracutaneous BCG vaceination and inhalation of quartz dust

simultaneously.

M¥gtudy VI: Intracubtaneous BCG vaccination;

infection control animals.



TABLE 13

Report 12-=31-53
N7onr-307 = NR 131=211
NR 105-002

INTRACUTANEQUS BCG VACCINATION WITH FRESHLY~PREPARED VACCINE (TICE STRAIN 92LL)
" IN DOGS WHOSE EXPOSURE TO QUARTZ DUST
STARTED AT DIFFERENT PERIODS OF TIME AFTER VACCINATION
(Experiment 7-#1200)

1
Vaceination Dust Exposure -
Dog ; Mode |Cross Pathology
Number{ ©Date of Site of Days Date |Number| of Lugs and
jVaccination| Vaceination|Vacecinated] Started| of |Death|Tracheobronchial
at 28 Days Bays Iymph Nodes
i 3;2h-52 Induration 6L7+ 0 0 3*
with
ulceration
g% 1 " 647+ 0 0 #
3% n " - 6U7+ | 3-25-53[ 64T+ |
I n n 67+  10-15-52| LT+ |
5 L 8 17 3=25-521 11 D |Fecal arez of non-
speeific pneumonia,
6 L " 5ko 3-25-52{ 5Lo K |Simple silicosis,
- {No tuberculosis,

*Sti1l living on December 31, 1953



Repert 12-31-53
N70n1‘-307 - NR 131-211
) NR 105-002

TABLE 1L

INTRACUTAVEOUS BCG VACCINATION (TICE STRAIN 826L) AND DAILY SUBCUTA:'EOUS CORTISONE
IN GUINEA PIGS - :
SKIN REACTIONS TO 0.l CC, OF 3 PER CENT OLD TUBERCLLIV
(Experlment 8-#1226)

e

ML IR G

Number of Animals Exhibiting Eaeh Type of Reaetion
Time after BCG
vaceination, weeks 6 10 18 2l 30 38 L2
GROUP I J .
Daily cortisore 414 -0 1l+-0 1+ =0 1le¢e1 lé-l 141 1+-0
before and aftew 324+ G 0 2+ -4 24 «12 24 =15 2+« 6 24 -2 2+ =1
vagetration 3¢ -12 34217 3+-9 3+-UL 3¢-9 3+4-12 3+=-9
b+ =13 el L+ =2 Le-o3 Lew?2 be-l Le-7
GROUP II
Daily cortisone l+ -0 14«0 1l¢«0 1¢~5 1l¢+=1l L+=2 1+-0
3 months after 24 = 0 24 =2 24 =26 24 =12 2¢4-13 24-L4 24 -2
vaccination 34«16 34 -13 3+-11 3¢+~ 3+-8 3410 3+-9
b+ =9 L+ -20 Le =8 h+-L he=3 L+-7 L+-12
GROUP III1
Vacecination corne (14 = 0 14 -0 1+ -0 1+ =0 l+ -1 1+-~-0 1+¢-0
trol 2¢ = 0 2+ e 2 24 =3 24 =6 2+ =10 24«3 24 -0
No cortisone 34 =7 3+-1 3+-6 3¢-L 3+-6 3+4-3 3+.-15
. b+ =12 Le -9 L+ ~12hy Le =13 L+ -6 L+ ~15 L+ =16
Key

1+ Induration < 10 mmn, diameter
2+ Induration > 10 mm, diameter
34 Induration with ischemia

L+ Superfieial ulceration
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