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FROGREES RIFORT, QOCPMIATIVE SCeX BETLEN THE
DNITED 8TATES PURLIC HRALTH SERVICE AND [HE

LETRGPOLITAN LIFE DNGURANOE COUP4NY, FROM
July 1, 1932 to December 1, 1934, Fﬂ‘/

Gensral Seope of the Jork. ' by
{a) Bebavior of dusts introduced into the peritcneal cavity as

fareisn bdodles.
{b) Behavier of dusts ia the p.ritonsal cavity in congunetion =ith 2
tuberecle bacillus infectiom.
{e) hKxperimental studies of fusospirochoetal organisms of pul=onary
origin. .
(4) Studies of syntbetic culture mdia for the cultivaticn of tubercle -

basilld, 45

The preseat atudy of the intreperitcueal respunse to various dusts was j
begun at she Pittabturgh station of the United States Hureau of Mines on april B, ';r
1932. Previous wosk @ tils problem had been come intermittantly at tile
station since 1924. "3
The technique then in use was ths introcuction of 2 oo of a sterile 10 {'
porcent muspensicdof 0 mesh particleesise dust in physiological saline solse - 3
tion into the peritonesl oavity of guines pigs. Examination of the aaizals was i
mnde st the end of 1¢ days for the Jresence of peritonsal adhssions. ini=als -
injected with limestone wars used in parallel ss oontrols, The forastiom of e
s

peritoneal adhesicus was ecmsidered as indicative of the harufulness of & dust.

Por some UAXNOW: reason tha semple of limestons used a8 @ dust ocntrol did not

, '!:‘ .i)::’:ll..

reduce suffisi@t peritones) éamage to osuse the formaticn of edhssions, yet




further study with other limestcmes, equzlly pure as fer as silics aud saloium
carbonate content were sonserned caused the formation of adbesions in the enizals
injected. The oceurrende of adhesions in a large mumber of anizals injected with "‘
s variety of dusts waa 80 inccmsistent tist it becams apparent tuat variatiocns im /
technio must be made to furthar this study. 3
Dusts Used in Prelirinary Stud
TPariicls 3ise, leas than 200 acen.)

(Dost 0.2 granms.)

Diatomite " Caleite

Limestons, 5 samples Tripold

Granite Flint (Quartz)
ieusite Siderite

Dolonite Cranite

Prrezeas Strontimite
Rhodoshrosite Muscovrite

Aldite ¥illexite
Pryrophyllite Andalusite, & samples
Smithsaits Axphidile, 3 samples
Kaolintite Witharite
Kierecline Serpextine

The dust used in this portion wers all derived fron pure mineral

specimens. The results were all megative with regards to a -elation betmeen the

formation of paritneel adhesions aend the silice cantemt of the dusts.
Three possidle varistions in technie presented themselves: - (1)

particle size of injected mterial, (2) duration of tests, and (3) size of
dose. ¥
The first variation attespted was with regards to particls size. N
ares .‘a'ax’o of scresned dusts were used; (1) that which passed through e .
100 mesh sisve and was e¢alleetsd cu s O mssh sievs; (%) that vna)uud ,Ii
through & 200 mesh elsve and was 0ollected on & 325 mesh sieve, aad (3) that 3
shieh paseed wa 218 mesh sieve. The durstion of the tdets was 1¢ days f:,
nltbcmdtbw;lolp-ordmmpuo Pure querta dust f

by .
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was first wsed, Results sbowed no peritonesl adhesion formatiom with the 100

and 300 mesl matersial aad sdhesicas iz all of the animals injeeted with the 325
zesh materiel. 4 second seriss of tests with the ssme particls sizes, dure-

tion and dose imcluding Quarts, calcite, shert, limestone and esthresciie coal

_was made, It was observed that the 325 mesk material bshaved more comstantly

i
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4n the peritaneal cgvity than d4id the courser zaterial.

4 series of dusts was then injeoted, using 325 mash aaterial, 0.2
cen d0se and 14 days duratiocn. The custs ussd weret calcite, ohert, whiting,
quartz, dituminous ooal, ¢ samplee of limsstone, end 2 samples of amthracite
coale The results, whils more comstant than shen the sosrser material was
used, 41d mot shov peritoneal adbesions witk the regularity sxpectsd. idhe~
alons oosurred cosasicaally in animals injected witk limestons and sometimes

falled to fors in animals injested with quarts. IS was concluded that tests "
of looger dursticn tham 14 days smld give more informaticn es to the bebavier . 3

of dusts in the psritomsel oavity.

Two eeries of testa, ons of quarts and the other of caloite were
ut‘up. The size 4umsta used were: 100 to 200 mesh, B00 to 325 mesk, end lssa
than 329 msab. JAnimals were killsd and exmmined 7, 1¢, 56 and 90 days after
ingeotion, In addition to the .rcmtxon of adhasions ar their absence, another
observation sas mads. The nodules formed by the caloite were mued smsller in
S0 days tham those noted at the end of ¥ days after injection. The sodules
forued by quarts, on the other hand, ﬁa large 12 90 days then thoss obasrved

in 7 days. . ;
A seriss o€ Sests waing SES mash particle-size material, 0.2 "
muu-nusmm«v. u. %0, u.aouamuamn the
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following dusts was set up: quartz, ebart, calaite, limestane, sogpstons and

bituaincus ecal. '!hni tests thon’t:he dusts produced thres aifferect types
/ of rewction in the peritoneal tissue: (1) quartz and chert produced a cellular
proliferation waich ceused the foraation of large modules sbout the dust; (2] .2
caicite and limestone deersased in amount in the tizsuss as the iaterval be=
tweem injeotion and sutopey increased; (3) tituminous coal snd SoEpStone ap= i;

pacestly remained mm’, emising neither s veliular prolifer.tiom nor 4id they
\ shov evidence of disappearance, Tuls varied response was constant in évory

anizal injected with the sams dust.

\ Inasmuch as ths S85 mesh material gave such comstant results, it -
was thought that tbe use of finsr meterial might spesd up the reastion. an air
separator was borrowed froam the Buresu of iines and g mmber of dusts were -
separated. Particle-site determinations were made, All of these dusts bed a R
median partiole-gize of lass then 5 microns with the exseption of soapstionse
which was 8 migrons. Series of guinea pigs were injested with Q.2 gn. doses
of the following dusts. Xxaxzimations were maéls in 7, 14, 0, &6, 9, 180 and 5
30 days after injection. UJesults of thess tests are listed with the dusts:

Dusts _giving an adscrption typs of Tesstion '.;

Caleite Linest cne
Gypewm Precipitqted caloium carbonate -

Portland ceasnt. 3

Dusts giving e proliferative type of reastion o
Quarts(roeck erystall Flint (scrmal quarts
Chart (ehat)




Duste g! an in A3 of resetion

Anthracite eoal (2 samplss)
Bitumizous coal (2 samplee)

Scapstone
Carborundiua

Precipitator ash Jewglars rouze (hematite)

Metro=nite white, & 2ixture of calcium carbonate, Iacnesium calw

bonate and calefun magnesiun silieate Iroduced 4 reection in shiez the first
two couponents wars absarded and the silicate renasined inart ir the tissaes,

A specinen of tals produced an inert resction; anly 180 and 380

day examinations wers mmds of these two dusts,
A specimen of dust from the mixing Foom of a glass plant was tried

bat ecnld Bot be used aa the high yereemtags of soda axd was too toxie whea

introdused iato the )cgltcud savity.
The Tiner sized particles, {.0., slutristed dust, prodused s e

repid response than 4ii the S5 mssh materisle This was partisularly spperent -

in the case of caleite which disappesred entirely in 180 days. However the
gross reastios produced By the 325 mesk material was sufficlently differen-

tisted to permit elassifying & dust as to the type of respomse it rroduced.
Jnother series of 325 mesh dusts, examined later because tits use

of the air seperstor was Dot aveilable, showed results compafable to tbose
in the other series, i{.e., they ull could be differentisted into une of the

three. groups.

for ;resk Susting coal mines or other potential imdustrial hasards, Thsss

These 4usts, for the most part, sels not pert of the planned
stedy but were semt in by variows iadividuals to deteruins their mitability

~qe
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usts using an inert resction

Asaleite, & mixture of tremolite and tale
Celfce, & arude caleium phosphate parting cag:pom

Foundry sand, two ssuples, Doth eostsining sericite

Sericits, an almost purs s=pls "3
3 Fullers earth

Presipitator ssh \
..- Peld "’

Dasts showing ¢ proliferstive resctioa iq

SilieaBericite. This sample wan £0 percent silics emd 50 persent “»

serisite. <3

Conelusions dsrived fron the behavier of dusts in tke

p43 k31

1. That qusts elicit three types of Trespanss, () are tblcbod,// ',

{2} eause cellnlar proliferation, (e) remsin inert in the tissuss. — X
2. This mt&utul foreign bOody resctioa has alwmays deea ooR~

staat, = the smme cust producing the same responss in all of the animals

#d
injested with that dust. <

L

8. All of the dusts studisd bave bdehaved in a masner charscteristic
of cue of tupse thres ErUEps.

Y mumnmxnwmmu“u;mu far ear=
nhﬂu#h uuun hﬂhhnl ofa Ius.
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/ 8s Those dusts elleiting a proliferative resastion are known

olinieally %o esuse ailicosis,

poeumoccnioses of varying degrees of seveTity, L ous [ 75 4 Re

8. Sufficient Teactiorn has taken place in 50 days after injestion

J

{to permit differentiation of tie type of reasetion. This length of tize
seenms not too 10ag when compared with {nhelaticn methods of exsmination and

eonaldering the slow development of ailicosis.

Asbestos Studies
Durisg the past thres yeaTs several attempts to obtain an asbess .

tos dst suitadls fer study mst vith failire, The mineral iteelf could et
be rednsed to dust by ordiasry laborstary grinding methoda. The cust ob= |

teined fram plamts oculd 3ot umw.wmumue-ux{_
matted. Weter ssparstica wmas impossible dessuss the cust seagulated and

occeasionally showed 6olloidal propertiss. Anh air seperator wmas not availe
abls, Of o mumbe> of sawples of esbestos odtained through the Mstropolitan
Life Insurgnos Campeny, three wers sslected becsuss of their small partiele=
sizs and that they mads Tatdesr uniform suspensions in physioclagical saline
solution. These thres sere erresentstive of the different kinds of e~
bestos., They mre: (1) Cenadian ehrysotile, (2) Africun erceidolite, and K
(3) smosite. The sterilized msterial was injected as received without o

further attept to ste inte finer sise Groups.




Beriea l.~ Oroups of guinea pige were injected with 0.2 gn. doses of

the above tires dusta. Anidals fra: ess® group were killed and examined 14,
30, 55, aad 90 days after injection. Quite a suaber of tie sninmsls injected
with the Cenadian asbestos and aocsite dud in thq first sevi. JAntoPsy showed B

1 poculiar brisnt red appearancs ol ie blcoc snd ¢ same organs, especlally K

the lungs, whieh vare zarkedly corgestez. It was sssumad that trere mgbt. be

saas soludls toxis substance in toe :usi. T3e anizals tzat rezained alive for .

the duration af the test showed an {nert type of resstion ia every insiance

with eash of tte three dusts.
Series 2. = A second group of anissls ware injeoted with Ol gm. doses -

of the sems thres duste. The mmber cf desths in the first wek wire materielly’ 3

dscressed. These tests have passed the 56 day period and have show identioced -
Temilts with thoss of the first series. "“ ;
Inasumed as by this teehnis of ezminaticn, asbestos falls fato the - o

inert group of dusts it seems tnat the izportance of this dlolegiesl chu:l.ﬁ; '
cstion in relation to the elinjesl pizture of pasumoconiosis is strengthensd. :.‘._'
4s the histologicul picture of silicosis ia a nodular fidrosis and that of as jj"* :
bestosis is e 4iffuse fibrasis, sane correlation between the insrt group of g
dusts and clinical pathology of the varicus paeumoednicses may be aade. 3
z

Qo}loida) et Jica, . 3
4 series 0f animals injected intraperitomsally with 0.3 ;. of oolm :

2

A

jsai loséal o Mean )huluhsigl salire -omm showed twe intsrestirg poiztss
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avdnlss cinppomd 12 90 days and 1in 245 days only psritoneal adhesions,
s9oh as the amentum to the anterior abdominal wall, showed any evideace of

the presence of say damaging materis. havicg beem in the peritaneal cavity. :
Expeariments wit: eclloidel asflica ware not ‘eontinued wa zucn a stucy would P

have beem to. auch of a devistion froaa tie mair problen. '~

Studies usin.~ variad tities of dusts.
Barly it this wark four groups ¢f animals were injected with 3235

mesh parsicls aize ehert, ealcits and two samples of limestons. The coses
of thses doses were 0.1, 0,033 and 0.011 gn. and the purpose was to detare

aine whether the guantity of dust had eny relstion to the formatiom of pm—r‘:
toneel efestons. The dureticn of tas tests were 14 days. AMboeicus wre
found in one of tha limestons {njeocted snimals in the O.1 gu. doss group.
Simaléamecusly with the oomplstion of tiis seriss the observation was made i
that dusts of iifferent ebarseter produced different types of nodules so

this line of epprosch was not sontinued.
Recsn: 1y & sesoni serive of tests was begua to deternine if she

tissues sould assimulate s definite quinticy of dust, Alreseperated quarts
m4 ocalaite ir doses of 0,1, 0,05 and 0.01 gas. wmre introduced {ntme-

peritcnsally imo guines pics. Animals were killed and examined 14, X ad
60 days after injection. In &0 days prsctically all of the caleite of the
001 gn. dcse series had disappesred, it both dusts, the greater pertion
nmm.um-mmmm.mrmmmmm.n ;

’m-mmo‘nwmmmmem. |




This line of inves:{pation, using amaller doses of suartz, is being

continueu and will de coopleted t:iis y.ar.
Propossd future studyvj-
Kinimal doses of dust. It is desirec to learm whaot ia the largest
ancint of silics that cen de elininsted by the tissues in & iven time without 4
causins zross dammge, $.6., visible dust rodulcs. The portioa of t.ia stucy -
NOT in progress involves quartz aicae., It is desired to extend this stucy %o
include some of the dusts of tihe inar: response Croups us many of taese dusts
are definitely known to csuse pmneunceoniosise < 4
Hixed dusts. Omabinstions of such dusts es lim:stons erd quartz in
varying propdrticn shoudd be made to determine {f the pressnce of e bdas any -

inrluence on the respanse slicited by the other, Tnis would be particularly : ;; :

_ interesting with large quantities of limestons and s=all quantities of quartsze :f
. Intraperitomesl Tespomse to jure morganic silicates. It is desired -3
) to substitute ehemically pure inmorganie silicates in plase of dusts in the ‘
intrsperitonsel injection tests to determine, (1) If silica cempounds will ;

alons produce cellnlar responses siailer to tiat produced by pure 310p, (2)

whether their toxioity is dependent on their solubility, fonization or toxis 3

loms sush as Barius end potassium. Studies using eclloidal 310, orystalline

quarts sbould be mads in parallsl witi, the above, A scries of 8 pure
siliostes sre now on bagnd for this vorke. g
.Asbestog, Turther work on esbestos should be dome. Laboratory %

netheds for mm the material into partielsesize groups snd for ramoviang

tu‘ tals mun the aaterill should h doveloped, This mnight be pouihh,
. P

b7 gir separation, Mieroscopic studies of the lssions produced By asbestos




wlle

should bo studied mxxk for iue pu.pose Of deélermitin; tiz part the fibers
rlay in the formution of tha fitrosis and 4f possiils i« orisin ctl tue as=
bastos bodles an. the woue {1 whic. the: form.

Studies with duast followeu by tubercle bacillus =37,

- Four ~roups of ,uin-e rigs 'ox;c injactes nirerritoteaniy wits 0.2
Za. doses of quartz, calcite, cnert ac bitualr - 5 soul (424 .ucen particle
size)e Oz t.e 104tk day after injection, a SUlTIfi:Ziiy 1Qike Siwe tu Heltald
tae formaticn of a wall defined Zust rewction, O.l s of an 15 day culture of
tudercls bacillus strain HO? was intruduced into ile peritonesl eavity.
Antmals injectec with dust and tubercle bacilli alone wers usel as controls.

/ In all of the animals injected with aust and tuderecls bacilli, the tuberculous
involveasnt sas grester than ia the contrclls witt tuocercle bacilli alone.

K A second peries of tesis in which the a00ve nemed dusts ramained in
the peritoneal eavity for 128 days previous to an injecticn of 0.1 mg. doss of
tubsrcle bacillus E37, Trenty=ocns days after injec:ion f iie tubercle basile
11 the aniaals were killed ancd examined. The resilis =sre ldertic-l wits those
found in t he first seri~s,

A8 Tuberecle Bacilius strain il 37 was touns tc 09 r'are virulen: than
was desiroo, sultures of strain Rl, & lass virul:ust oryanimm, were obtained
for use in the reamaining porti.ns of tnis study. & sories of guaines nigs
injected with various doses of this strain .hoveﬁ.c least grossly wvisitle
uvolv-.uut in three weeks was civen by & Osl mz. 108 , Luis dosage was

used in the following studies.
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Duat and Fubercle Baciilus Rl introduced at the sgae i~

Thires sroups of animels were injscted intraperiton.c. y sili Usdl oM.
doses of air separatsd €aloits, QUArtZ &Nt aninsecite 0%. uuL Vel Zo. If a

V=day culture of tubercle baci..us Rle &t T.c s&c ti_e, co.n:rPols «ith aust

and tubercle baci..f alone wore injected simultan:cusi; <i.. ti.e teats,
iri-als ware Killed ano exa-i: & :1 anc 4% cays after ir'=3"..ni. .28 results

ol t.cse oXperiiients were ai.ilar % ! ors where t.x infsc.irz fo.lowai tae

axposur= to the cust. All of t.s aniislis treetea «it. ..s: ane tupercle beeil-

11 scowed nore tuberculous invclvex Dt than was rounu iz % .. tuberele basilll
control animals. Quarts saowei the nost marxed invoivesezt, cathraci.es coal
t0 & lesser degree and caleite least or all, but still Zore Davkec inan the
controlse In tiie case of gr.nracie coal, smll fize ::irsrcles scpeared as
gles~ raised nuodules ia tha éifiuse areas of dust cr t:e ext:rior abdoainal
wall. Tuberculous involvement was, Of courss, nore gsne-al 4o all of the
animals but this point is nenticned here for coxparisca with & later series

of experimants.

The above tests wers ;ﬁ:‘.ﬁ using caleits arc uartz oniye The
results obtuined wers iderniicel.
Tubercle B;cultl Rl infeetion foilowed by injections cf custis

fhree groups of e.nun.h wers inoculeated intrape.itzneally rith Q.1
mg. of tubsrele basillus Rl. ~wenty=on: days later, u sullicient tire for
development of viasible tubercles, Q.1 gm. of oaleite, jiartz aiu ani.racite
coal was injected into respective groups of pigs. Dust and tubercle daailli
treated oontrol animals of siailer hﬁgtho of «xposurs ware maintainva. ihe

animals wvere killed and exmmined 2] days after ipjectiocn ol the wueta.
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, Porty=two day animsle are now on test, Rosults showed tiut :ie tuberculous

izvolvemsnt was grsater in tne animais subsequontly treated wit. the dusts
than was foumd in the contrcls inceulated with: tuberele dacilll alofce The
zost involvamant was found wii cuartz, enthracite ccal showsd a lesser anount
and ealeite the lsast. In ths case of anthrscite ¢coal, zames of fine cust
partiscles collested about tie mmall tubereles on tue antsriocr abdaninal

wall, and the dispersed dust <as not gederally diffuse as noted in prsvicaus
tests where the dust had Beea injected previously.

Proposed future stodies.
Dast g Quﬂ;ﬂ with tuberels decilli. Nurther studies with

verying time mmmmw of dust snd ixifection should de
mads. The most Wot these studies in view of toe resulta found in

the three experimsts reported here, 1s to determine if thare is @ interval
aftsr exposurs to dust, purtiocularly silica, ia which the mnimal will oot

show suy more tubgrculous involvemant than would be found in tte coniral
amimals, Animals {ajected vith dusts would be iafected with tubercle beeilly
at '-a- uténl. lmger than 128 days after tis injection of tue custe (S
perimeats involving 188 days showed & greatar susceptibility to tuberculosis).
Othsr roates of imfestion, such s iatravencusly, should be used i: perallel
with umtu«l infection. A mitroscopic siudy of all tissues Irca theas
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- ailieoties. Y&l’m pirtisle sise groups

To dats all of the proliferative anéd mst of the absorptive type of
dusts nave beean studied. The rensinder will be completed tals yeatr.

It bee been Doted {n the preliminary siucy taat ta: fine cust par-
ticlss, lees than S microns, of tiv proliferativs series elicit an sarly fibro-
blastic reaction followed iz from X0 to 5 days vith a macrophage increase
wkich later undergpes Tstrograde changes and ultimate Iilrosis,fatty degenera-
tion and caleificat ;oa. Tne larger particle materiel, = tiat passed throuch
a 325 mesh scoreen -~ shows an initisl macrophage proliferstion, {.s., a typicel
foreigin dody resction, which later becones fitrosed ara caleified. fibile
grossly the picture pressnted by the quartz of two dif erent size gruups is
the same, the microseopis picture, especially in thLe early steges sfter inw
Jeotion is dscidedly different. The microsacpic study promises to give sme
{des &8 to the pouthp progoosis of dust pathology and elimipation. This study
vill be corplated this year.

Proposed future 'mg

Mieroscopic studies. Becsuse of the variation in toe eerly pleturs of

silice cust when 320 mesh and 5 aieron particles ars ussd and atteapt should
be made to determine why the cosrser mat=rial presents the microscopie ap-
pesrance of s typical foreign body reaction wherees the firer matorial shows
such e abundant proliferation of fibtrodlasts. As far as using th: gross re=
action es a test this phemomencs is not important but with the spplicuiicn of
the informstiom derived from these intraperitoneal studies to climicel sili-
eosis, it pressite possidilities that may be applisd to the progaoais of

Dy Tag 0 He [ . -
2 of Gusts should be usede Tisswe
1




oultures may have to be rescrted to in order to detertiine at just what period

tha formmtion of maeropbages degins. 4n easier way would be to Imroduce

the dust into the smnicnte sas c¢f developing ohie embryos and obeerve after

varying stages of incudatiom. Such obasrvations may peruit the shortening of g
the test we use to cetsraine the La:rifulness of a dust fram 90 days to s fev _
duﬁ. The information obtainad rezardir, the actioa of custs an inciviiuai
colls migst also cive a clue as to th: warious typus of fisrous :lssue Ifcraa- i
tion in the poeumocconioses.

Intratracheal infeotions. it this ime it would be desirable 20 cor
ralate the reactions prodused by cdust in tke peritonesal savity with those

eliefted in ths lunzs. This study would de partisulsrly helpful im galning ‘
information about the group of dusts elassed as fnert in our previcus pepers. "1‘
It is quite likely that the meshaniam causing ridbrosis is 4ifferent with

thase Gusts ccupared to that of silice.

Besteriologie Investigations

l¢ Fusospirochaetal
Organiens
-Paring the routiae examination of miners of the Tristate Zine and
Lsad Distrist of nmortbeeastert Oklshoma at the Buresu of Mines Cooperstive
€linie in Picher it was ocbaerved that a relatively large muaber of the men
umvm Wu and lung abscess, aad that in many of thase . ;
mhquu-un spuls ve «-ucma ia the sputam, Dn

~
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ooasideration of the work of D. T. Smith whc had shown exporimsataly that a

symbiotie group of th:one organiems was capsble ot‘euuung fusospiroci:asetel
lung diseass, it wes decided to investigate t.at possibility and to determine
the type of symblosis that might be responsidle for thess conditiozs.

In ordsr o obdtain ropuontuuo pathologic muterisl for sne experie N

asntal work a fumber of ainers with chraniec putrid bronchiectasis ool lung abe

o00as were visited throughout the distriet and sputum was ocarefull:; ecollacted,

amilaifiesd and injested into the groia of guinea pizs.
. A xmber of tlese animals developed typical fusospirochaetal absces~
see of the groin which were sharssterized by largs neorotis lesions containing

greanishegray, extremely foulegmelling pus which was teeming with several types
of trepomemta, spiroshastes, spirilla, fusi-form basilli, streptocosci and
vibrios, From these aximals § were seleoted, three of which had been injected
with material from lung absoses and thres fram chronie putrid broschiectasis

in miners with silicosis. 2berculosis nad beea ruled ocut by elirieal,

roentgen and bastariologic sxmmination.
The actual exparimental work was begun at the Buresu of liines Zxperie

ment Staticn in Pittsburgh, Pa., after withdrawal of the Bureat of Lines fraa

the eooparetive clinie in Picher.
- The fusoepirochastal organisms waloh e involved in the causation of

the morBid conditions under eonsideration are strioct anserodbes and it was
asesasary to devise appropriste culturs methods which would be ap;licable for

the .sm m d m et the upper rempiratary system.
m- M ma-mtm +he follosing organisms wers isolated
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that of Vineemt.

aieredestium, T, meosun, T. MacTodentium, several typss of fusiform beeilli, e
T. bucocals, spirillua sputigenum, anasrobic streptocceci, vibric viridans asd

& large fusiforu beeillns growing in symblosis with a treponeza ressabling

The crganisas were studied and clasaified accordin. to their uorpbalasit. 5

sultureal and {=aunclogie oharasteristics.

Guires pigs end rabddits were used for the animal experiz¢nial work.

In oxder to deteming the pathosenicity of the individual crganisxs
isclated, suspensions in saline of the varicus aierobes were prepered and
standardized to 100 un;a bacteria per cc. 1 g0. Of taese suspensions wgs
{ajected into the groin ‘ ® series of guinespigs. The results showed that
the trepomemsts, the fusiform becilli end the spirilla were non-pathogemnice
The streptosceal prodused slight tramaitory ioflemmation, the vibrios slight

ths vitrie might initiste the infection by preparing the expossd tissues for
the invasion of the other crganisms. To test this theory each of these npooin
waa soabined with the otber individual types snd inosulsted into the groim of - 'f
guinea pigs. The results showed that moTe Severs reactions wars obtained fram
the combinations coztainimg T. microdestiuwm, T. moosum, Bacillus fusiformis ¢
typs I, sub type 2 and type II of Varvey than with the combinations of tbe
remining snasrobes. -f.

Tt bad bem previcusly cbserved that tbe injestion of tce combised 33
nmmuﬂhhMmmmmthmhtmm ;

NM moly. h mw the tw Snu wre ocmbined with the o
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T. mcomm end the two typee of fusiform bacilli than with the razainisg ore
ganisms and {t becams evident that thre harmful eymoiotic group was cdnpoaod

of ths asasrobie streptococecus, ths vibrio, T. microdentium, 7. mucosum and e
fusf{form bavilli,

A conmbination of all ti.ese organisms vas row {njected into tne groin
of guinoa pigs and sypical fusospircochaetul abscessss, coilparable xitn trose
oeeu.r;ins in wan, resulted,

Further experimantatizn showed, 'by eliminasion, that the harmful
syadbiotio asscciation was between an anasrobic streptococcus, a viovrio,

T. aterodent {um, . zucosuz, dacillus ﬁluornu Type I, sub=type 2 and Tyre
II of Varney, and that T. microdentium snc T, mcosum sould be sudbstituzed for
ons another, This was also trus for ths fusiforam bseilll, T. macrodentium,
T. busegls, #p. Sputigenum and the lerge fusiform baoillus growing in associe-
<icn with the treponsie resemoling that of Vinoent do not enter in the barsful
eoadination,

In additicn to ths above experiments all possible combibations o the
t-n types of aBasrobes under considsraticn were investigsted experimental.y,
but oaly the above dsseribed t)pus weare ospadble of csusing fusospirochaetal
lesionse

After deteraination aof the afcrobic sasociation responsible for the
csusation of fusospirochastal lesions prelininary experinsnts in radbils were
undertaken,

. Two 8ets of 12 redbits wers inoculated, intratracheslly, ocne wit:
+28 ece Of pus, Ailutea 10 1 ee. with saline, fram fusospirochastal abscesses
nuun’la,qlthncncnth;oc.dlmtonuunuetm

hd




cultures of ths symbiotio group, reprssenting 100 million organiszs.
Of the animals in se: I (pus) B died of fusospircchastal poeuzonias,

S developed subcutanecus ptlegnonous abscesses (protebly as a result cf ex=

travasation uf t.e incculum {nto the tissuea of :.e neck]) end ome died of fuao=

spirochastal abscess of te luns with empyexza.

- Of the secaci se® (pure cultures) G Jdled 57 fuisos:iroeciastal pneu=-
monia, 5§ revived umder tc.uinod arsenie and tertar-eastic trea=z=nt any cae
developed a mmpuqeau:u lung adscess with ecpyens,

The rabdit expe-iments were iaterruptec -nen the expe:rinental laborae

tory was transferved fros Pittsburgh to Washin.toi, on August 1,195, anc are

incamplete.

I1I. Bacillus Tubercalosis

Influence of {ndustriel dusts upon the growth of
tha tubercle bacillus.

It ass deen reparted froa various sourdes that silics enhances tae

growth of the tudersls basillus, that coal dus: retards the growth and taat

saloite exarss aB inhiditory influence, In order to test t.ese assertions the

folloving bastsriologie invustirations wers :mde:
Potato slants ware prepared and stemed in heary suspensions of

quartz, chert (Pisher ohati), Vituminous coal and calcitss The Justs were

suspended in Loug's synthatie sclution medium devised for the growti: of the
suberels dasiilus, Plain potato slants sarved as coutrols. This treutment
yoh:n( e fine eosting of dust upon the slants, the fineP particls=s penetrate

-

e . . »
. iag the Tuther 1arge pores of the potatos After .sterilizat.cu the alants were
_"éyedisd with § lamtllimeter loepfuls of & suspension in salime of tio buman
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strain B-37 which had been Jropagated upon glycerin egar at the iiat fonel

X

Institute of lealth, The slants were incubated at 37.5 centigrade and inspscte

#d for growth gt regular intervals. 4 total of 316 tubes were exa-ined for

srowth efficiency in the presence cf s:lie‘oous and nonesiliceous dusts. The

r;sulu are siown in the followiz - protocol: A
.

First alscernivls laxiguwa growth 3

Zowth in days in days d

Quartz 8 18 :

Chart{Picaer cuat) | 17 ~

3ituainous coal 0 —— -

Sontrols 1 17 3

In the presence of quartz and chert (6 percent Si0p) growth sp= ,_‘

peared meael earlier than on ditumincus c¢oal and on the control slantse.

Kaxisum growth (colenies do not icereass in mmber and size in toe horizontal g

plane) is Teached on the 17th to 18ch dey. E

Iz tae ccse of bituminoue coal growth appears much later and is

vsry scant. The colonies fucrease in eize slowly end never reach the size -

and topogrsphy as those grown (b tae presence of silica. 3
In the controls initial growth ${s much delaysd, mot as luxurious

as in the presszce of silica, dut after 14 days the grovih (ains speed and Y

-n--g-onh is attained in 17 days. - '

In the presence of caloite human strain He3? does not grow on

potato slants, howsver, the crzanisms resain viable and, when trensplanted

upon plain potado, will gracually resums proliferstion.
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Trom these expscinents it may be concluded that {a) in the presence
of silica the initial, latent period of growth is considarably sbordaned;

(b) 1a the presence of bitumincus coel ths growth is retarded ané firally
shecked; (o0) in the presence of calcite growth is e:tirely inhibitaed, but rthe
organisms rexein viable azd wiil recums prolifersticn upon transplentation om
favorsbls culture nsdis.

The ubovs experinants were carris. ou: in the pressncy Jf excessive
amounts of dust and guantitative 1deas oay therefore nc* be derived from tham.
In order to gain such quantitative informatjon it was desided tuo stuuy Suber=-
cle dacillue growth upon & synthetic medium to which known amounts of siiica
could be added. Long's synthetic solutiom was chosen snd stiffened with 1.5
percsat of Bactowegar {Besto eger contains tﬁcu of S10p, insufficiant to
iaterfere vith tas quantitative sork) and the silica was added in the form
of e. p. sodium silicate. The Tesulting =edium is erystal clear and the
finest growth can be dstestec without difficulty.

The initiel experiments were nade with the mediun sontaining <4
peroent cf sodiun silicste. Plain luog agar and Corper's egg yolk Tollux were
used as contrast. The results appesar below:

First discernible laaximum growth

growth in days in deys
Si=long axar ¢ 12
Plain Long agar ] 9 ——
Egg yolk medim . 4 9

Here too, a0celerated growth was obigined in the presence of silica

wtile only soamty growth occurred in the conirols. Corper's egg yolk asdium

proved mish smparicr in growth qualities.

A



Quantitative experimants with amaller socunts ¢f sodium silicate

{01, O5, <1, 2, and .3 percent) showed only & slight iucrease of tie
afficiency of the medium., iost favoradle regults ware obigimed wit.. the o4
poerceat concentratioz. Jlargyr amdunts of s0dinn siliesze canm not bz used in
thia synthetic medium because it would i, e alaalini:y of tlz muiium be=
yond pH 7.2 which is tzs optimum reacticu lor tubercls bacillus Fozthe

Another group of eultur:s on syntlhetic long mediun 2ontaining e.p.
silioic acid were onad with Hel7, Tze¢ pH was adjusted wizi sodium carbonate
%0 Te2. 4 alightly serlier growth wes observed on this mediun, but after a -
fow days the growth upon sodium siliocste medium had attained tiie aams proe=
portions and fros then on proceeded nore rapidly.

A ecxarison of the growth efficiency of the nynthoftc sodium silicate
medium just dessribed with that of Carper‘'s egg yolk aedium in 137 elinical
osses, of which 13 were positive for tuberculesis, revealed 1l positives for
the egg yolk medium and oply 8 for the sodium siliocm:e 3edium. To account for
this fact it was reascrnet toat e25 yolk contains s consideradle amount of
1soithin and that the additi.n of this substanse 2ight Liprove tne synthetic
medium end render it as efficient as t..e 82g yolk mediun.

To this ent pure lecithbin, preparsd from eg3, was aided to the syn=

thetic mediun in graded amcunts and iis growth gualities ocopared witl Jgg

yolk medium. l=37 was used. The results were as foldlows;




kazima rowth in days

3gg yolk medium:~

8i=long agar 12

- - * plus  .5¢ lecithir ) 12
bt . - 10 * 1z

= T " 2.0x ° 11

Tne scditisz %o the symbtheti: 3ciiiz silicate =aaius of :ure

lscithin seume o enbance its growth fectors cellnitely sacugh slightly, dut

!.,!' heydr t\‘l _‘;b;‘}-"-»'

1t ie evident that 2 larger amcunts ther 2.0 percent wili have to be

edded. Ixperinents to tast effect A9 BOW LA ¥aYe

Pathological exmminatiors of human naterial -

1z the past $hvee years, 1€ specinans of lung tissue, sGne as pie-

E 4

pared slides and s as whole lungs, wre Iwceived and examine: pathologi-
cally. Heports were made %0 the persons sulnmitting the materiai. It was ene
deavored to make siese reports as complete and attractive as nossidle
snoourage phiysicians to sutriit such material for exaziraticn. The reports
included, when possible, a olinfcal and incustirial history, sutopsy report,

gross and zieroscopic report of the tissue suomitted, pieturus of tlhe luacs,

prints of Xeray plates, and chamical snalysis of tne lun. tissue. A cross
specinen mounted {: s ¢elluloid gontainer and dupiicate microscopic slides
werv samut imes seut witl. tLe report. s.ch mterial nas beem very helpful in

studying the pathological pletuse of pneumoconioses and tiis troudle takem in Ky

prepering the reparts has been well worth ut.{le.




) Iabaratory eguinment

Yhen this work was startec at tae Zurew of Lin.s ¢ waz necaess=wry to

equip e laborator; suitasls for t-fE worr. .Lbout 1 mants was s~.nt in iiis
an; pruliminary re.3ing anc expsriions. <ien the hesit . nir. of L.y Su.egu §
of ainca ceasel, ti.is work was transferrss to tre l’us.i¢ x:alth Service and A
a2cved to Yasningt .me Sexze of the equipment used in Pittsiursh was brousnt to
wastington shich enabdleZ the wcrk to g0 on uninterruptec. I= '.'.’an:'.ingr.?n 'tho
physiecal equipmant of the laboretory hes comstantly isprovec. By m
dag & larse roa, we Dov have a well lizhted and ventilsated animal rooc wow
taining 70 cages ia good condition, s bacterioclogical and pathological ladora=
tory with all mecessary equipment and & saall ahop which “as enabled us to make
inmmerable pieces of useful and necessary furniturs and egquipuesst. Recent -
scquisitions of mew equipmert Sram tis Pubiic ilealth Service aided the work '
mterially.
Personnel Active on this problea,

Je 3. Millar, pathologist

¥e C. Proske, baoteriologist and mecical tecinician

H. ¥, Brubash, tecahizul aide

Kay Jtoll, laboratory aid and mechanie

Mdue to savings resulting froa salvags of uguiment s0oa after transe
£.r to Vashington, it was possiols o hire Mr. 5toll to tako.em of the
animalses Ho has handled this very satisfactorily ang {n si.ition had taken
sare of all of the shop work tuat has been required. Prascticslly all of

the Watropolites Life Iasurmnoe appropristion is now used for snluries. .
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Cooperative aid from tie Pubiic :iea.ti. ocrvice

F. We Coldman, chezist in tiue Office of .ingust®is. ..yzicne and
Junitatica has performed a pumte. of tlhe st analyses 20 i za:e:-uis used
in our work. ‘

Dr. Do %o armstron;;, phrsicist, ngs dzen worsin: .o 1.é determ.nae
tion of si.ica Dy apeetrograpnic 2eilozs. A satisrfaciory jumlitstive meinod
bas been developed. A Quanti:estive zethod is now vein: stucisaé, =Hesults ine
dicate tiat it will be eventual.y successiil. Suenh a ne.iod of determining
=inute cuantities of silica lx: body flulis will be of sucs vaiue in studies
on silica mstabolim.,

Dre J¢ Me DallaValls hes aided on numerocus oeccasicns ir aeasuring
dust particles and in the comstriction of an air separatar for i.e in ob=

taining fine iust for study.
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