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PART I

A SIUDY OF ATYPICAL CHROMOGENIC AGID-PAST BACILLI
ISOLATED FROM HUMAN SOURCES



INTRODUCTION

During studies with human tubercle bacilli, atyploal scid~fast
organisns were isoleted from time %o time from patients with ¢linieal
tuberoulesias. These organiems are characterized by their pale yellow
te deep orange color and the production of smooth colonies. Beomuse
they resemble meny saprophytic acid-fast bacteris and may be eonfused
with the pathogenie tubercle bacilli they are often difficult te
evaluate., 8inse little is knmown regarding the exect mature of these
gtrains and their pathelogic potentialities in man, further studies ere
indicated. It is the purpose of this imvestilgation, threugh eultural
and animal experiments to throw some light on the possible position
and importanse of this group of organisms. These deta are presented
in Pars I of this theseis. ’

it was further observed thet humen blood media are capable of
grawing'tubersle bacilli as well as several of the best stendard
tubereulosie media. Because of the advantapeas which the blood media
asppear to offer, it scemed desirsble to investigate in detail the use
of human bloed for the bastericlogie disgnosis of tuberculosis. These

studies are imoluded in Part II.

GENERAL DESCRIPTION AND CHARACTERISTICS OF THE MYCOBACTERIA
Classificetion
The Mycobaoteria somprise a lerge group of strietly aercbie, seide
fast baoilll and are discussed in detail in the following sesotions. They
sonstitute the genus Mycobamoterium of the family Myecbacteriazceae of the
order Actinomyoetales. The key and classification belew is given by

Btitt et al.(l) and indicates the various organisms inecluded in this



Eey To The Order ﬁ.e‘hinwaeﬁuiaal

Order 1l. Actinomycetales. Cultures more like molds.
Pamily I. Mycobacteriscess. YVery slight brenching.
Genuss Mycobacterium. Acid-fast. Cultures usually more or
leas wrinkled and dry. ‘
1, Grow rapidly on ordinary medies st room temperature.
fyploal species are:

1, Mycobaoterium phlei, (Timothy-grass baoillus of
3“1131'0) k

2« Mycobacterium lacticola (M. smegmatis). (The
"smegma" bacillus.)

I1, Grow only at body temperature and after seversl weeks of
inoubation. Primery isolation requires sush culture media
a8 polidified blood serum, glycerin agar, glyocerin potato,
and egg media.

A, Oultures fairly moist, luxuriant, apd flat. Optimum
temperature 43 C.

1. Mycobasteriun svium. (Bacillus of avian tuber~
sulosis, )

Bs Cultures seanty, wrinkled, and dry. Appear in 10 ¢eo
A deys. Optimum temperature 38 C. Smear from
organs of imosulated guines pig shows few baeilli,
Less virulent for rabbits.

1. liyoobacterium tubercuiosis var. hominis.
(Beocillus of human tubersulosis.)

C. Oultures as above, bub even mere soanby. Smear from
organs of guines pig shows many beoilli.

1. lycobacterium tuberoculosis var. bovis,

(Bovine tuberele bacilli.) v
111, Primary isolstion requires growth factor from hest-killed
acid~fast bacilli.
© 1. Organism of Johne's disense.

IV, Are mot cultivable by ordinary methods,

1+ Mycobaoterium leprae (B. lepras)., Found in man
chiefly in nasal mucus and in juise from lepra
tuberoles. Less often in nerve leprosy.

2, lyoobacterium leprasmurium. (Bacillus of rat
loprosy.) Indistinguisheble from M. leprae
except by imoculation inte young rats.

Femily Il. Aotinomycetacesme, Filsmentous spd branching, forming
myeolia which bresk up into fregments whioh mey funotion
as conidie.

Genus:  Aotinomyoes. No serial hyphse. Anserobic. Not acid-fest,

1, Actinomyces bovis (A, isrseli). Cause of setinomycosis.
Gemuss  Hocardia. Short aerisl hyphae. Aercbic. Scme specicsa

aoid=§ ast.

1. Hooardia madurse., Cause of mycetoma. Not asid-~fast.

2, Hoeardis asteroides. Acidefast,

 Prom Stitt ot al. ¢+ 1948, The coldeblooded Myoobaoterie are not imeluded.



order and some of their general features. The dats in Teble 1 indicates
more speoifically the gemersl chersoter of growth, natural habitat,
other sourses fram which the organisms ere isolated and animal patho-
gonleity cﬁ‘ the Mysobacteria.

Sinee the property of acid-fastness is also possessed by members
of the femily Aetinomycotacess, a brief disoussion of their character~
istios and significance is included below. The family Aotinemyostaceas
is a hoterogemsous group of filementous mold-like miero~organisms,
growing in the form of a branohed myoelium, and exhibiting charaster-
isties intermediste between the bacteria and molds, eeionht of these
organimms are usuaslly dry, tough, and wrinkled., Their nyeelisl
structures are delioate, usually less then 1 miora in diametor, and,
therefore, within the realn of bacterial dimension. The mycelium isg
soptate, with marked temdeney to branch snd fragment into bacillery snd
Gocoold structures. Under specisl conditions some verieties may develop
inte diphtheroid formss. Some types are ansershbio or mioro-aerophilie,
non-soid-fast, and obligate parasites. These are placed in the goenus
Actinomyces; othsr types are aercbio, partially soid-fast or noneaoid-
fast, saprophytic but facultative parasites. These varieties belong in
the genus Hgoarén. Several species of Novardis can ceuse disease in
man and enimals, but only one species of the genus Aectinomyoes (4. borvia)
is capeble of doing so. The disesses whish they preduce are known as
Kooardinuit and Actinemyoosis, both of which cam simulate tuberoculosis,
A #mber of avirulenmt intermediate types have been olassified acoording
to their method of reproduction. There is considerable difference
of opinion regarding the oxact position of the Actinomyses, end nany

¢lassifications have been proposed. Some workers comsider them as a
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primery stook from which both beoterie and fumgi heve developed, others
believe thoy are highsr types of bacteria sud still others comsider them
a8 degraded fungi., On the roowmendation of some systematists, those
organisms are placed togathw with the Myoobacteria in the family

Aotinomyoestassae.

History

The first orgeniem of this group to be discoversd was the leprosy
bacillus (M. lepras) by Hemsen in 1868(2),

In 1882 Kooh deseribed the mammalien tubercle baeilli (M. tuber-
eulosis). During the years 1898 to 1910 through the work of Smith,
Vagedes, Ravemel, Komsel, Weber and Heuss, the English Roysl scmmis~
sion, Park and Krumwiede, it was demomstrated thet the mamaliem
organisme consisted of two distinet types, the humam and the bovine, and
that the labter could sause infection im man(2:3,h),

From 1889 to 1891 the discovery of the aviam tubercle bacillus

(M, tuberoulosis ver. avium) resulted lergely frem the work of Rivolte,

Maffucei, Cadioet, Gilbert amd Roger, Sibley and Straus and
@mltin(e' 3uk) .

From 1889 to 1928 a number of sold~blooded tuberole basilli
M. piseium (in snakes, selamenders, lisards amd fish), M. marinum (in
fish), M. ranme (in frogs), M. chelomei (in turtles), M. tropidonatus
(in snekes), and M, themophoos { in snakes) were isolated through the
imvestigations of Batalllom, Dubard snd Terre, lLodouz-lebard, Aromsom,
Kister, Friedmen, Sibley, Gibbs and Shurley, Lucas end Seobt and
Grieita(@3),

In 1895 Jobme and Frothinghem reported the isclation of



M. parstuberculosis which is now lmown as the Johne's beoillus, the

otiologic agant of a chronic type of enteritis im ovattle, sheep and
deer(®:3),

In 1903 the bacillus of ret leprosy (M. lepresmuriusm) wes deseribed
by Stefansky, Rebinowitsch and Doan(2s3sls),

From 1885 to 1909 the discovery of » variety of saprophytio acide
fast bacilli ¥, smogmatis (in smegma), M. butyrioum (in butter),
H. berolinensis (in butter), M. friburgensis (in butter), M. stervorie
(in cow dung), M. phlel (in timothy grass), M. graminis (in plant dust)
and M. alluvialum (in soil) was acoamplished through the studiss of

Alvares and Tavel, Lesear, Osaplewski, Péllegrimo, Petri, Rabinowitsoh,
Mosller, Korn, and Keru’eanw'ﬁ'u)‘
In 1957(2) Wells suosceded in isoleting M. murds from voles with

nstural tuberculosis,.

Habitat

%he human, bovine, and murine varistics are responsible for
mammalisn tuberculosis. The avian variety is foumd mainly in various
birds, but pige ond cattle can also be infested; the orgenisn has alnq
been isolated from hens' oggs. Some investigators have reported infeo~
tions in msm. This literature has been reviewsd by Bramoh(9). The
eold=blooded types of tubercle bacilli ceuse disesse inm s number of
oold-blooded animals and fish, and it hae been reported(l) that ome
strain was gepable of producing disease in mice and pigeons, The
saprophytic strains are ubiquitous, being found in water, milk, butter,
grass, fruits, vegetables, smegme, dust, feces and mamire, They have
al80 been reported in isoletions from human patholegical processes, the
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skin, tonsils, middle ear, nasal socretionms, blood, sputum and even in
the intestinal contents of insects, The leprosy bacillus is a specific
parasite of man, and the rat leprosy bacillus for rets. Johne's
baeillus infeots cattle, sheep and deer. Although tuberele bascilli
have remarkable capacity to resist cold, heat and drying there is no

evidence that these organisms can live outside the amimal body.

Resistance

Like most bacteria the acid«fast bacilli are sensitive to hoat,
desiccation, readistion, and other physisal effects. On the other hand,
under proper physical conditions they possess a great dsal of resist~
ance to such substances as stromg soids and bases, numerous shemicsl
disinfeooctants, and most sntibiotio and chemotherapeutic agents.
Tubercle bacilli may remain viable in cultures for months. When pro-
tected from direct sunlight, they may survive in putrefying sputum for
weeks and in dry sputum for months. Smith(é) has shown that droplets
of dried sputum adhering to dust particles in the air nay remain infeco-
tious for 8 to 10 deys. Blood, sorum, albumin and other proteins also
help to proteet acid-fast bacilli sgainst the effects of both physical
and chemical agents. BRhines (7) has demonstrated fhat in polluted water
kept in the dark at rom temperature, tuﬁemh basilll may remsin alive
for 3 months. It is believed that their resistamce is related to the
quantity of waxy components in the organism and to the hydrophobis
charaster of its cell surface. Whether the organisms are in a dispersed
phase or in ¢lumps is anether important factor, for obviocusly, survival
is greatest in the latter situation, where pert of the resistance is |
due mainly to the physical barrier of clumping. It has been shown by

nacullwh(a) that when agents which ere sspeble of lowering surface



tonsion are added to a bactericidal solution, both the rate of penetra-
tion and the bssterieidal effect are imsreased, even though the wetting
agent itself is non-temic o the organism.

Morphology and Staining

The soid«fast baoilli vary in morphology from coecoid to lomg
filemeutous forms depending upon the type, the strain, the character
of the culture medium end the enviromment., Bramohing has besn observed
in old cultures end ia smenrs from caseous lymph nodesy 41t has also
boen produced by specisl cultural technis. Typisal tuberole basilli
are sleander, straight or slightly curved rode with rounded emds and
mnare or less perallel sides. Hsualiy they ere srranged singly in small
hmﬂ#s or in groups with m.ivmul orgenisms lying at wuﬁ» angles to
such other, like diphtheris baoilli. Their sise varies sonsidersbly
depending on the somposition of the medium. When obgserved from animal
sources they are generally longer and thimmer than the orgenisms on
culture. They vary in longth from 1 to 8 miors, and in width from 0.2
*ﬁﬂ 0.6 miora.

The baeilli are grﬁx pﬁa&.‘hﬁo and acid-fast. They are nomemotile,
ganvsporogmaua and produce no capsules either im susceptible animals
or on oulture media. The wost characteristic property of this group of
organisms is their "acid-fastness”, the ebility when omoe stained with
aniline dyes to resist déaalarisa‘bim by acids or aloohol. The degroee
of acid-fastness is not unifern for all members. Orgeniems in the
earlier phases of growth, es & rule, are less scid-fast than in the
older fhuos. In young cultures it is not unccmmor to find a number of

nor-acidefost forms. Sayreﬁhltia strains are, in gemeral, less aoid-fast



than virulent strains. Staiming may be either uniform or gramlar in
character; 4m the latter type the granules may be limited %o the ends
of the orgeniem, or they may asswne an even distributiom~-the woll
Inown beaded {orm. Since envircommental conditions may slter the
character of staining, this quality is not reliasble in the differentias=
tion of types. By means of the slestron nimnebpc Hudd end Andmon(m
ha§§ demonstrated a somewhet thick, presumably rigid cell wall. Bensath
the cell wall there is n definite sell menbrene which exhidbits éirrtrm
tial permesbility. The older conoept that mﬂ-fntmu depends upon
the prenama of a wa.ay sheath surrounding the cell is no 1&:&# maintain-
ed by seme mrkara. ll;mul&a oeid, isolated by Andersonua) ha.n besn
elaimed raspanaibll for this property. Others asttribute the staining
mact:lan '!w e semi=permesble membrane sround the organisms allowing
fuchein to diffuse in but preventing acid fushsin from diffusing out.

The mm-ﬁeai;a-n mthul is the ome most commonly employed for
stalning, although mmercus other modifications and methods heve been
desoribed. The technio simply conmsists in amm the stain (earbol
fuchsin) to act on the mmeer for about 5 mimutes, during which time
heat is iypiind‘to the point of steaming. The stain is then washed off
with water, the smesr decolorised with 95 per cent alochol conteining 3
per cent lvdmhlaria aold, washed again and ccunmatﬁm with
methylene blue, The baoilli are then seen as brilliant red rods against
2 blue background.

hocording to lﬂtsnhmr{n) Mycobacteria camnot be olassified as
Grmm positive or Gram negative becsuse once they have been staimed by
basic dyes, they camnet be decolorized by slechol. Therefore, the
ataining reastion is independenmt of the mordanmt effect cf iodine, and
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instesd appears to depend upon the smme factors whish are responsible

for "acid-fastness”®.

Mstaboliam and Cultural Charscteristics

There is grest varisbility in the requirements for sultiveting
acidefast bacilli, Tubsrcle basilli are obligate sercbes and will not
grow in the absence of en adequaia oxygen %snsiom The optimm for the
humsn ¥ype is about 4O to 50 per cemt, and for the avian end saprophytic
types about 60 %o 70 per cemb., About 10 per cenmt carbon dioxide is also
beneficial for growth.

The luman, bovine, svian and mirine types of tuberole bacilli can
grow on & variely of simple synthetic or complex orgsnic medis between
pH 6.0 to 8,0 with an optimum aroumd 6.5 to 6.8. fThe optimal pH for
maintaining virulence is 6.6 Cultures of human end bovine basilli grown
at pH 5.0 rapidly beoome attemuated.

The optimal tempersture requirements for the isolation of svian
strains is LO C., for humen and bovine strains 37 C. and for colds
bleooded ﬁram 5 6. The human, bovirze, and avian types do not grow
below 30 €. The cold~blooded and saprophytic acid-fest types grow
resdily st 20 . Many saprophytic strains grow at L5 C. and s few even
at 55 €., After a mmber of 5mratim of growth on culture medie, the
tem;mrntnre raquirm::hs become less exaoting.,

Moisture is necessary for growth of tuberels baeilli in vitro.
Growth occurs im sealed tubes provided an sdequate emount of moisture
and air are present. A simple method of supplying moisture consists of
passing steam into the tubes before inooulation. When first isolated,
acid-fast baollli msy be atypical, bub after a mumber of subculbures
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the organisme become mtable and manifeet their true sulturel sherscber-
iztios. Tuberels baoilli, im gemeral, will not grow on the usual media
but require special Pformulse such as insplssated serum, coagulated egg,
potato, or synthetio media. The mumber of erganimms inoculsted is e
limiting fector for growth en differemt medis. When the incoulum is
large tho growth requirements are loés exacting. On the other hand,
mmall inocula require the more nutritious special medis. Failure of
emall inooula to grow may not necesserily result from nutritiomal
inadequacies, but may be due to the inmhibitory componemts either in the
media or from contemineting materials. Tubercle baeilli utilize e
large number of carbon compounds as ¢ source of snergy, ospecially glu-
cose and glycerine. Glycerine acoslerates the multipliication of mest
straing of human and avian bacillis 4t hes 1itile or no effect on the
bovine straine, amd it iohibits the growth of the vole baoillus., The
degree of acoeleratiom or inhibition varies somewhat depanding upon the
ampesition of the medium to whieh glycerins is added. Amino scids are
used ss a source of nitrogen. Orowbh is enhamoced by the addition of
various compounds such as the diecarboxylic acids and asparsgine., The
role of vitemins in metsbolism is wet definite. While dovelopment on
the classic synthetis and complex organiec media is, in gumrul, slow
sompared to other organimms (2 to 6 weeks), newer developments in eulturs
modie have made it possible to ecbitain results much earlier. One of the
most lnteresting of these is the medium developed by Dubos et 51-(12* 13)
who found that ;”‘fwm 80", a water-soluble ester of a long chain fathy
acid, alters the ommotic conditions in liquid media. Wetting the surface
of the organisme by use of this compound has fasilitated not only rapid
growth, but the orgemiams are dispersed throughout the mediwm. The
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latter factor has been of value in certein diagmostic and researech pro-
cedures. |

The aeid-fast baeilli behave rather characteristically on different
culture media, producing various colemy types, pigmentation, pelliicle
formation, distinetive odors and other growth features. The eoffect of
temporature, pH, different chemicel componexts snd rate of growth has
already been mentioned,

Pigment formation is the chief charscteristic of most of the
saprophytic strains of the acid«fast bacilli, forming a wide range of
oolors such as white, pimk, lemon, pele-yellow, orange end brick red.
Under ‘th- proper conditions the other types of organisms may alse form
pigments, Avien sbtraine may manifest e pink 'pipux;b. Bovine strains
which asre usually colorless may also show s pink pigmenmt. Myocbaoteria
from sold-blooded animals are gemsrally colerless, but the colonies of
these strains may slse be white, pink or yellow. Even humsn straing
may be pigmented, and when grown on deeply colored ox serum, the
colonics may be yellow or orange-yellow. Of interest alsc is the
report of Reed and n:uc(ﬂ‘) who found that a concentration of 0.02 per
cent ferrie eitrate om a glyocerel lga:: modivm stimulated the development
of ohramogenic solonies of human, bovime and svian tuberole beoilli and
saprophytic acid-fest orgeniems, ?Maﬁuﬁ is best seen in cultures
whioh hwn‘ been incubated at 37 C. and then stored in the dark at room
Semperature., HNost workers believe that pigment production depends upon
a punber of emvirommentaul fastors, partiocularly oxygenm supply end the
chemical gomposition of media., In additiom to the above are the group
of 80 oalled "atypical” acid-fast chromogenie bacteris of the variety
studied in this imvestigation. These characteristicelly show a yellow
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to deep orenge pigmentatiom om the usual tuberculosis media. As will be
shown later, this property ocmm be altered by changing the enviromment.

Unlike most of the other basteria, the biochemical reactions of
the scid-fast bacilli are of very limited value in differemtiating the
various types. All degrees of variation exist botween members of the
group. From a oultural standpoint, indistinguishebility betwesn widely
separated types ie not at all ymocmmon. In this conneotion it is well
to wention that serologie procedures have also proved of wery limited
velue in differentiation, and thet animal pathogenieity is still the
best oriterion for identifying types.

Chemical Structure and Metabolites

By growth of large mmbers of acid-fast baoilli on Lm:g's(ls')
gynthetic medium and by chemical -:traﬁ;.tm it is possible to obtain
lipoidal material which can be separated into three fractioms consisting
of glycerides, phosphatides and waxes. A sonsidersble smount of poly-
saccharide is alse obtsined. This information is presented in feble 2
after Chargaflf ot al;(m). It will be noted that the total lipin yield
is highest fram the buman typs of bacillus and lowest from the sapro-
phytic acid-fest baoillus. Of interest is the reverse order of the
- polysacoharide fraction. Purther extractions and smalysie have revealed
that the phospholipins comtain saturated snd wmsaturated fatty scids, and
glycerophosphorie acid. On hydrolysis these yield large smounts of water
soluble carbolydrates, of whiek mannose end inositol seem to be the most
importent., The lipoidal frastions constitute about 25 to 4O per cent of
the dry weight. %The exact amount of the verious substances prodused
differs greatly scoording to the type of tubercle bascillue and the
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gomposition of the culture medium. In addition to the lipoidal material
end polyseccharides, the acid-fast bacilli contain water scluble proteins.
These fractions are of interest because they are responsible for skin
allergy. 7The protein derivatives of avian strains, Johme's bacillus and
saprophytic acid-fast bacilli can be distinguished frem those of the
mammalisn type by serclogic and quantitetive ekin tests in hypersemsitive
individuals, but there are oross reactions throughout the gomus
Mysobasterium. | A

Cetalase is produced regularly and Ho8 is formed in verying smounts
in sultures of tubercle bacilli. Pope and hith(l?) have shown tha®
both the man H37Rv and the bevine Ravenel strains synthesize all the
known B-complex vitamins including biotin and folic meid,

Of speoinl interest are the following organic compounds éynthaaiud

by tubercle bacilli:

1, Myocolis acid which is aeié-»fast(m).

2., Tuberculostearic acid and phthiaig acid, the latter being respon-
sible for the appesranse of epithelioid cells in msaues{w).

3. Insoluble waxes which induce the formatiom of giant cells of the
foreign body h;rpﬂug).

L. A polysaccharide which exerts a chemotastic effect on neutro~
philie polymorphonuclear leuceoytes and precipitates sera of
immune smimals but whiech is neither toxic nor mtigmm(m’zl*&?).

5. An undematured protein which in a dose of 0,02 mg., produces a
poeitive skin test in a tuberculous patient, ia amtigenic and
induses tuberculin sensitivity in animﬁls(ea’gﬁ’ Eh).

6. Huoleic acid which is neither antigenic nor toxio, evenm for
tuberoculous iniula(a‘?').
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Exotoxins are mot produced by the seid-fast basilli. Endotoxins
espable of killing rabbits are olsborated by the avien straing, and
several of the saprophytic strains, sush as the smegma, timothy grass
and mist basilli,

Antigenis Strusture

s a result of the werk of Tulloch et al.(25), Gming(%)s
witeon'®7), Grieesen(®®), plren(®) uns Eauefuan(30) 1t has veen shown
that by sgglutination, agglutinin absorption and complement fixstion,
the scld-fast bacteria msy be separated inte four serolegio types:

(1) mammalian (2) avian (3) celd-blooded and (L) saprophytic. Wells(®)
has also found that the humam, bovine and murine types fram volea are
indistisguiehable serologically. Wilsen‘Z7) has reported that direst
agglutinetion is not adequate to differentiaste between the types, but
agglutinin ebserption is necsssary, amd by this technic he demonstrated
that the avian type uot only possesses an entigen in coumon with the
husan end bovine forms, but has a specific antigen of its own. The
observations of Seibert(Fl) suggest that group~spesifieity 1s determined
by the polysaccharide fractioms, and type~apooifieity by the proteins.
The investigations of Freuwnd(32) and Muda and ¥uad33) ingscete that the
surface of the tuberele baoillus is composed of & lipid~proteiv-carbo-
hydrate complex whioh stimulates the production of sgglutinins and
preeipiting whem injected into animsls. The studies of Mudd and Flrtn(5l)
and Steenken and Gardner(35) have shown that the virulemt H37Rv and
bovine € straims, the svirulest BCG end By streins end the avirulent
dissoolates of recemtly iselated human strains all have essentially the
same antigenie ‘atrueﬁure and are equally offestive in producing a
relative degree of immunity iz the guinea pig. Trudeau et 11.(36),
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Zingser and Petroff(57), Zinsser ot a1.'?)petrort ot a1.(39), ant Opie
snd Pround(49) heve demonstrated thet heat-killed tuberels bacilli

‘produce some ifmmunity but this is never as effective ms thet produced by

the living svirulemt BCG and By strains. ‘!hé work of Glapljji ,al,,gﬁ)
has shown that virulent human tubercle baeilli, mmé& by ultreviolet
1ight, are as effootive in immunizing guimee pigs ms the living BCG
strain, Most workers feel that serologicsl methods ere less spocific
in the differemtiestion of tubercle basilli than mlturai mothods.,

Dissooiation

I% has lomg boen known thet the mysobasteria exhibit many
madifio@tionw from thelir usual charscteristics, These have been
referred Yo us dissseiation or variation, s phenomenon whick results in
changes of cellulay md colony morphology, iz virulemve and in a number
of other pﬁyaical and biclogical charscteristics. Outwny snd Steenv
ken{li2) define disseciation as "the process of separating two or more
variants of a mierobrganism frem & parent auihara“a Thus from the
numerous studies reported during the last 23 r-art(m"éﬁ) it has become
ingrensingly evidemt that for the myoobacteris the dogma of moncmorphism
and stebility can mo longer be acoepted. To date the underlying taotors
tavoﬁng dissociation are not clearly understood.

The torms "smoocth” snd "rough® have been used in commection with
tubercle~baoillus velonies by a mumber of the earlier workers. Thé
stendard smooth (8) and rough (B) terms were emplayed in an eoffort to
asso¢iate the aymbol 8 with virulenmoe oven though the colonies were
roughs This scheme caused comsiderable confusion and, a8 & rosult, the
terminology was changed in 1956. The stendard nomemclature now employs
S %o designate a smooth colony end R to designate a rough ome. HMany of
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the R strains, but not all, ere virulemt. In 1935 Steenken proposed a
new terminology im which the standard S and R symbols are retained but
in addition sub letters are added. For instanoe, Ry = rough virulent;
Ba = rough avirulent; Ry, = rough intermediate; 8gn = emooth chromo=
gonioy 8,),, = smooth chromogenic avirulent. %This olassification is
now acoepted as sbandavrd,

Dissoolation of bubercle bacilli was first reported by Petrors(ld.l)
Prompted by the finding of dissociation of B and 8 volenies in other
mieroorganisms, he studied human bovine and svian strains and sucseeded
in dissocieting them into rough and emooth colonies with different
sultural charscteristies. Subsequemtly Petrof? et al.(#5) found that the
BCG strain could be separated into rough snd smooth colonies which
exhibited different degrees of virulemee in guines~pigs. This organism
was then dissooisted into three types of colonies, R, S, and imtes-
mediate forms. According to Petroff and his amsocintes the § variemt of
BCG produced progressive disease in animals. The R variant was only
8lightly virulent, and at times avirulemt. It wes believed that all
organisms contained the R and 8 componemts., I the aviruleat rough
varient of BCG was cultivated on a medium sontaining anmbti=-R serum the
more virulemt § form developed. These studies led to a great deal of
sontroversy between Calmette(46) and PetroreT),

In subsoquent studies Petroff and Steenken(i8) and Potrore(l9)
showed that when certain pathogenis acid~Past organimas were cultivated
on spesial medie, growth gemerally eppearsd white at first, end gradually
changed to oremm and finally ¢to an orange solor. The pigmonted variants
showed either redustion or loss of virulemoe. Conversely, whem sertain

pigumented avirulent acid-fast baoilli were cultivated, ohromogenioity
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was gradually lost, emd, after L0 te 50 subcultures, guines pige inoous
lated with the organisms developed visceral lesioms. A% first the
lesions were mot very exbtemsive, but after 5 or more animal passages
they became more so., From this it was comoluded that the dovelopment
of pathogenicity in the avirulent orgenisme depends largely upen the
enviromment,

l‘iller(%) reported the isolation of e non-acid-fast ehremegenic
warlant‘ of the virulent HiTRv strain, whioh maintained cultursl
sharasteristics similar to the virulent orgenimm, but wes less patho-
genie for guinea pigs.

Winn end Petroft{51), studying the aviam tubercls bacillus, were
sble to dissoolste four distinet typess & mmooth (5), fiat smooth (FS),
rough (R) and ohremogenic (Ch) type. The 8 type proved most virulent,
the FS less se. The R and Ch types were comperatively avirulent.
Histopathologic studies of the tubercles of the 8 variand prodused an
agute toxic type of tubercle; the F8 n foreign body type; whereas the
R and Ch variants & relatively benign type.

Steenken ot ;1.(52) in later studies were able to dissooiate the
humen H37Rv strain ivto o smooth vimi-nt and rough svirulest variant,
Both verients were distinet in colony morphology and mlm:-ﬁl charactere
igties. BSome of the R strains wers chromogenis.

alanldsr(55* %), in her investigetions with human end avian
tubercle bacilli, wes slso able to dissociate these types inte rough
snd smooth variants by the use of Bordet-CGengou medium containing
0.000 per oent ferrie ohloride. In pathologic studies she showed that
the lesions prodused by the smooth strains differed radically frem
those produced by the rough strains. Tershis and Prisoh(55) made



similar observations of variant forms in cultural studies with human
vimlm# strains of tuberole bacilli on Bordet=Gengou and other blood
. medie, ‘

In his studies relating %o the influemse of pE on the dissceistion
of the human H3TRv strein of tuberole bacillus, Steenken(76) found that
R variants inoreased with imoresse im scidity, whereas the § va,ﬁm
increased and the R variant decressed with $morease in alkaiinity,
Organisms growm at pH 6.0 in special media manifested eohroemogenieity,
end wore less virulent than organisms grown ot pH 7.6. H:ithm(m’ﬁe)
reported similar observations, and in addition he obtained smooth
virulent variants from freshly isclated humen strains of tubsrcle
baoilli. Their coleny morphology was similer in appearsmee to the
smooth forms of other bacteria. !

Potroff end Steenkan(”) were also able to dissociate the sepro-
phytie M, phlei scid=fast baeillus into rough and smooth varients, but
only with difficulty,

Extending their studies, Ostway and Steenken(6% 61) reported the
dissociation of the avian bacillue into rough, rough stippled, smooth,
and smooth pigmented varianmts, the bovine bacillua imbo rough and smooth
variente and the humen basillus into rough, rough stippled, and smooth
variants. They also showed that the qualitiss of o culbure of tubercle
baoilli which may be affected by dissocistion sre solony morphology,
ehromogenicity, bacterisl morphelogy, immunological properties amd
chemisal composition.

It is of interest here to ocall attention to the roport of Steon-
kcn,(éa) on the gonfusing effect of egg oil om colomy morphology. He
cbserved that when tubersle bacilli are grown on media conteining egg,
Ry and R, colonies were converted artificially by the egg oil inte 8
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forms, When subsultured to egg-free media the colomnies reverted bsck to
their original forns. Bush physical effects must be distinguished from
tm dismoeiation phenomena.

Steenken and Gwdner(és) have shown that a mmber of avirulent
dissociated varimnts of tubercle bacilli could confer apprecisble degrees

of immunity sgainst standard virulent tubercle bacilli, but there was mo

evidenoe to suggest & type spesificity, sinee the vecoimating puwer of
the homologous strains wes not apprecisbly greater than that of
heterologous streins.

The recent investigations of Middlebrooke ot &.{éh) on the
morphologie charasteristics of tubercle beeilli in liquid and on selid
medin heve demonstrated thet all virulemt esugonic etrains of human and
bovine tubercle bacilli tend to form mioroscopic serpentine vords.
Avirulent variants of virulent strains of msmmalian tubercle bacilli do
not exhibit this phenomenon.

Lmah‘c(ﬁs} studies add further svidense to the great versatility
of bacterial variability. He has found numerous varistioms in the
morphelogical, cultural and biological mctivities of tubercle ﬁiwill.h

From the above duta there is little doubt that dissoeiatien can be
scoomplished with a variety of myoobacteria. In sdditiom all grades of
pathogenieity are possible from single strains, depending wpon the
enviromment and other factors which cam be varied either by chance or
by seoident. The true significamce of these variants im relatiom to
human end emimal disease is not c¢lear. In experimental work dealing
with pathogenicity snd eultural charscteristics it is evident that
veriability may booome a source of sericus error umless rigid

precautions are maintained.
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A% the Fourth Conference of the Imternatiomal Umionm Against Tuberw
oulosis at Leusanne, Switserland, llhtr{“) posed the following gquestion
"do there exist in nature or can there be artifieially produced sapro-
phytic varieties of the Keoh's basillus which can booome virulent
tuberole buoilli?" On the basis of mmerous studies he concluded that
this phenamenon did ocour. AS ons example evidenss was presented of
the tramsmutetion of the smegma bwﬂiuu into virulent basilli patho~
gouie for man, He indicubed further that meny workers as well as hime
self have offected radical chenges in "aoid~fast basilli differing
markedly im eellulsr and coleny morphelogy snd im cultural and biologie
astivity.”

In direct opposition to lisher's views are those of Calmette(67)
who, after reviewing the work of many previous workers, concluded that,
up %o the present, there was no experimental evidemce to support the
problem posed by lthcr(&s). What msiﬁw results were reported
Calmette folt were due to the sombamination of oultures with virulent
forus. |

But other workers, not content with the conolusions of Celmette
and thoss of his sochool, undertock studies in the hops of establishing
more sonclusive evidemoe inm favor o: the tranmmutstion comsept. It is
only necsssary to call attention to some of the more interesting '
studiss. Gay ot ul.‘ﬁ reviewing some of the earlier work point out
thet mumerous atbempts have been made to transform mammelian and avion
typos of tubercle basilli inte ﬂw piscine or cold-blooded type. For
ingtende, Combmele fed oarp for long periods with human tubereulous
sputum, and found thet the organisms were not changed morphologically,



but thers was a slight deorease in virulence. Hormamm and Morgenroth
investigated the offect on humen strains in goldfish and obtained the
seme results. They found 7 monthe later that the erganisms were still
elive and virulent for guinea pigs. Sorgo and Suess olaimed ;msiﬁiv&
results after injecting human streins into the slow worm. Subcultures
were avirulent for guines pigs and exhibited the oharscteristics of the
piscine type. Bertarelli and Bosohia incoulated buman, bovine and
avian strains into fish and lisards and found that after 8 months the
virulence of these typee was umaltered. Thess investigetors belisved
that tubercle bacilli hed multiplied inm the artificoial hosts. On the
basis of these and other studies many workers bolieved thet the theory
of the transmutation of types had not bosn proved., Wilson and Miles(2),
reviewing the studies on atypieal strains of tubercle baeilli, eall
sttention to the opimion of Griffith who believed that these orgumisaus
rtpr-unt no more than modifiocetioms of the fixed typss and that they
ere not transiticnel forms betwsen types. It has been further demon-
strated by animal passage that it is often possible to restors the
hormal cheracteristios of the standard types, but for the present ﬂun‘
ie no definite evidense te preve that one type can be made to change

inte enothsr type.

nwalomntux Variabilivy
In studies on the dwslnpnmal stages ot the tuborah basillus
3’:@3&.11(63) observed mtik grem negative and aoid-—!‘a&t forms.
m(@) uolatad mn-aoidnraet voceoid bodiea !'m mﬂmﬂ
dying of tubereuloais. By plsoing seetiom of spleen aentainizzg thegg
utructuma m‘bo eellaidin gapsules and thon nbadﬂing then into m
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body cavities of guines pigs, he wes sble to recover acid-fest basilli
from the tiseues after 5 weeks., Cultures of this orgenism proved to be
virulent and possessed no constamt morpholegy or cultural characteristiocs.
Animal passege resulted im typioal guines pig tuberculosis. In o subse~
quent x'opor‘a(?@) he found thet gramules in certain steges of their life~
oyele, lsoleted from tuberculous petients, could be made to sprout and
reproduce nold-fast orgonisms. In other stages, they could bo made %o
gprout inte actively motile nmomwacid-fast bacilli. Certain selected
gramles in large doses were aldo capable of produwoing tuberculusis in
guinea plgs; emall doses of granules produced atypical and chronie
tuberculosis. 4 seni~ssid~fast mold-like growth wes alsc obtained which
manifested tuberculogenie proporties and reverted to complete acide
fostness on enimal passsge. From these studies Sweany concluded thet |
"the most common noid~fast bacillary form of the tubersle bagillus is

not the only manifestation of the etioclogie agemt of tubersculosis; and
thet the phylogemetic aspects of nieruﬁrgmim, a8 well ae the influenoe
of the emimal host and associated micrcgrgm-l upon i%, have heretofore
not been sufficiently understood or ewphasized.”

By a special micremanipulstor technie Kahn(Tl) was able to study the
growth of o simgle HJTRv tubercle bacillus or small groups of 2 %o &
organisms in mioro=droplets of Long's mediua, Under the conditicns of
the experiment he ooneluded that this straln of the human tubercle
bagillus does not multiply solely by simple fissiom, but undergoes a
complex type of roﬁz&wﬁim involving various morphological forms.

Dreyer aﬁd ?ellnm"’z‘), in thelr studics on mom-oeid~fast forma,
felt that these were resting stages of the tubercle bacillus and possibly
its least active form. The morphologic veriations they observed were
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considered either stages in the life oyele of the organisme, due to vary=
ing sultural conditions, different strains of basilli, the result of
experimental metheds, or teo different degrees of skill ia distinguishing
botween artifects and organisas. In any cass they were of the opinien
that the vonm~noid-fast structures were of groat importance in the
biclegy and etiolegy of tuberoulosis, whether experimental or clinical,

nhn(?l»?ﬁ-’),- ﬁinar(5°). Mmrry(?j*) end others have reported the
progende of mom-acid~fast rods snd gramules im young cultures of
tubercle basilli. Of interest alse is the report of Yegisn and
Porter(75) who showsd that these nom-scid«fast forms oould be prodused
artificially by traumaticing the organisms with en inceulsebion loop or
by cutting ooclonies with a mioroteme knife. Since organisms from old
cultures appeared resistant to this manipulation 1% wes assumed that the
oell walls of the younger bacilli were mob sufficiently resistant to
protest the deliocste semipermeable sytoplasmic membranes which are
believed responsibls for the retention of the stain.

Hmh(76) reported that undey certain conditions tubercle baeilli
might be present in the tissues in the form of nonwaoidefast granules,
In such specimens as pus from cold abscess, grmlouétuua legions of
lymph nodes, serous exudates and some samples of sputum it was imposeible
o demonstrate acid-fast basilli, ewen though their presense sould be
proved by oulture and enimsl imooulation, By employing » modified Gram
ﬂnﬁnfﬁ) he was able to demonstrate fime reds often scoompsnied by
small rounded gramules ocourring singly, im peaire or in short chainms
resembling beaded eorgenisms. Mush believed that these structures were
virulent, nop-agid-fest tubsrele baoilli. Snwy(?e} and xahn("s) have
considered these strusturce as steges in the 1ife cyole of the bubersls
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bacilli, Yegian snd Porter'/9) foel that many of the nomesold=fash forms
are merely artifacts resulting from traums to the organiams in the
preperation of mmoars, and still others feel that these are merely
products of degeneration. Since Muoh's gremiles cammot be differen~
tisted with certainby from other gramler structures, most workers feel
they are of mo value in diagnosis,

It has been ¢laimed by mmerous workers that under the proper condi-
tions filtorable forms of the tubercle basilius exist, which represent a
stage im the life-cycle of the organism and poasese a low degres of patho-
genioity for guinee-pigs. Pioner and ?ﬁlﬂh‘iﬁh(?g) Soltys and Taurlat(m)
have oonoluded that there is no satisfuctory evidence o support the

existenoe of sush sbrustures,

Pathogenioity and Experimentsl Infeation in Animsls

The first comviacing kmowledge of the transmissibility of tubey-
oulesis to animels resulted from the work ef Villemin® who in 1865
reported the suscessful imsculstion of various types of human tubsreulous
meterial into rabbits, Later he wes aﬁh to transmit bovine tuberoulosis
to rebbits, and wade the significent observation that infestious metter
from oows produces in the rebbit o disease idembiscal with that which
develops when this animal is inosulated with the erganisn of human tuber-
eulogis. He further cbserved thet the resction from bovine infeotion was
more rapid and gomerslised. The final proof of the tranﬁiaai’bﬂﬁy of
the diseese was schioved by Koeh in 1882 whe showed that animels could be
infested with pure cultures of tubercle bacilli. In 1898 Smith firmly
established thet the bovine tuberols basillus wss more virulemt when

Ta Villemin's day tuborculosis was known as pammelisre, e torm
adopted beoause of the resemblance of same bovine tubereles to o small
apple (pomme).
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injested iute rebbits and calves then the human besillus, This observes-
tlow has boen cenfirmed by many subsequent workers.

Teble 3 sumarises the range of pathegemieity of tuborele basilli
under netural conditions. Table L given by Plerce et al. (81} and Table 5
by Smith ot n&.(h) smmarizes the degrees of pathogenicity of the types
of tuberole bacilli for various speciss of snimals.

Seprophytic seid~fast bacilli, though cocasicmally isclated from
varicus tissuss ere rarely capsble of predueing progressive disease.
it 1s also of importamce to bear in mind that virulemnce among all types
of tubercle bacilli is verisble. These orgenisms are usually virulemt
on izolation, bubt many strains mey become more er less aviruleat as o
result of suboulture in the laboratery. The phenomenon of dissocistion
may also play & role. Though these faets sre well ascoepted, there
seems to be little exsct information based op statistically adeguate
mmbers of animal tests conceraing differenses in pathogenleity of
freshly isolated strains of the ssme type, or the various fastors
rosponaible for chenges in virulence. -

Cellular Reastions to the Tuberole Beeillus and Tuberole Formation
The cellular resction following the imooulation of tuberale bacilli
inbo susoeptible animsls has been studied in great deteil by a nusbor of
workers, Uhile thers is mush controversy in respect to the origin of
sertain types of cells, their funstions and the mechaniem of neorosis
and caseatlon, there is agreement on the general features of the reastion.
Organisms in the tissues produce localized mimute, translucent,
greyish te yellow nedulea called tubercles. Single tubercles are not
visible mer&émpiosny, but the coalesoence of & zzwa‘bar‘ of tuberoles

makes this possible, The sharacteristic features are a centrsl area of



Yable 3

Puthogenioity of Types of M. tubersulesis
Under Natural Gonditiems

Types of Tubersie Bacilli

Bpscios of Animal Affected

Mi!ﬁtib:!hQ&ili!’i!i’hﬂﬂtl

Mmeagﬂutaﬂa»anunaﬁnoiw_ﬁ.iﬂi

mm&ltbqié‘tt’ﬁ&ﬂ‘ﬂ&‘ﬁ'idl"'ﬂ!

Lvi.n.t&ﬁwkaav-lvtfnoab#t‘ﬁ!’#i

gai&’hlwoﬁgasiQQinstﬁatariki

man, moukeys, pigs, ﬂogsx,
perrotal

cattle, horses, pigs, man,
sheep}, dogsl, cate

Poles

birds, cattlel, aheepl, pigsl,
man(?)

oold~blooded animals, fish

1pisenss preduced occesionslly in these animels.
(1) Disease in man still somtroversial.



TABLE L

Pathogeniolty of Types of M. tuberculesis

Aximel Species fypos of Tubercle Basilli
Bovine Human Avian
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"0 indicates that natural infection osours mest rarsly slthough
temporarily progressive lesions may be prodused by the injection
of rolstively large numbers of living besilli.

laaﬂ;ain strains of mice are highly susceptible te bovine and human

type, others ere very resistant, From Plerce et al., 1947.
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coaguletive, cuseous neorosis surrounded by o cluster of apithelioid
oells, some of which fuse to form differemt types of giant ¢ells, and a
peripheral sone of fibroblasts, lymphooybes, momcoytes and plasma cells
supported by = retisulum,

Pinner(®8) nas desoribed twe types of lesions im tuberculous
infeotion. One is ¢clessed as exudative, the other predustive or prolif-
srabive, Exudation is charvacterized by infiltration of tissue with
polymorphonusliear leusosytes and plasas oonsbtituents, and there may be
abundant fibrin formation. There is no veplacement of normal tissus,
and this type of reasbion is most sommonly seen im primary infectiom.
However, both lesions mey occour imn chromic tubersulosis and intermedi-
ate types eve vtrsquantly evident, Proliforabtion is an infeobious
granulematous resction since it resembles both gramulation tissue and
a tumor. It is characteriszed by the formation of new tissue.

The cellular resctiens to inoonlation of tubervle beeilli have been
studied hy observatioans of tlssue at intervals following infeotion. %he
type of respomse %o infecbion will depend upon a mumber of factors sush
as the animal spesies, the muwbeyr of organisms inoculated, their rate
of multiplication, and whother the animal is free of tuberculosis or
has already beon imfected (hypersensitive stata).

roilowiug inooulation thore is an scute inflammatory respense dur-
ing the firet twenty-four hours. Exudation ¢f fluid results with repid
agcumilation of polymorphomuslesr leucceytes, meny of which combain
bagilli., %Though sctively phagocytic they are unable to destroy the
orpganisus. Thess vells play & useful role in focalising the infection
and preventing to some extent the lnvasion of bacilli through the
tissues. ZThey alsec may serve te disseminate érgmim by migration to
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new sites. During the next few deys ewudation diminishes, and the poly~
morphomiclear leuccoytes begin to die, Monooytes (mascrophages) then
appear, and begim to phagooytice the dead leucooytes and basilli. In
the non~sllergio host, the deogree of exudation and esllular response is
far less intense than in the allergic host.

Depending upem various fectors, the exudative lesion follows one
of three sgurses. It may heal by reselution, that is, multiplication
of the tuberele bacilli msy be imhibited or the organisms mey be
destroyed and healing takes place without scar; it may underge nscresis
with cavity formations or it may develep inte the typical produstive
lesion of shronie tuberoulesis,

If preliferation results, many of the monenuclesr celis uro soom
transformed into epitheliodd cells, se characsteristis of the tuberoulous
reasticu. In two or thres weeks, providing the leslon does not spread
too rapidly, s some of prolifersting Tibroblasts, plesme cells and
lymphosytes appear st the periphery of the lesions, and near the central
part of the older lesions thors may be eme or more glant sells, which
are formed by the fusion of epithelloeid oells, or possibly by emitotis

- division of muolei. These are large multimuclested sells several

hundred miore in diemseter, of charscteristie structure, and well imowm
as the "Langhan's™, “epithelioid® or "yosette gient vell” (bescmuss of
the rosette of veouoles im the oytoplamm and the peripheral arraugement
of the nuaioi). Anvther type of giant oell with a greater nmber of
irvegularly arraunged musclei has also been desoribed but gcours less
regularly than the Langhen's type, and is believed to be derived from
the fusioce of the menommolesr cellsa. Gianmt oells may or may not be
found within the tubercles. Their chisf function is phagoeytio.
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The tuberolss may grow in size, coalesce and undergo & coagulative
naoresis. This is belisved by some workers to be due to the ocecclusion
of the blood supply te the tubseroles, scme think it is due %o the libep=
a:&s.an of endotoxins from the tubercle beoilli, others hold thet it is
due Yo ensymes given off by the dylag cells, and still others are
convinged that sertain eutolytic ensymes of the host, which nermally
cause liguifestion are inhibited. Since the necrotie materisl has the
consistensy and appearance of cheess, the prosess is aaihé “saseation
neoresig®,

When the dosage and virulence of the orgsnisms ere low and resiste
anoe is high, epithelioid f:sl‘ls ere predeminant, giant oells msy be
soardge or sbsent, and there is little ovidenoe of nsorosis. This type
of lesion is ofton referred te zs the "hard tubsrole”., On the ather
hand, vmen‘ the dosage and virulence are high and resistance is low,
epithelioid cells are searce. Sush tubereles are salled soft.

The fate of the tuberele vwaries grestly. A saseous tubsrsle ney

dissoot inte a bronchiele or brenshus and cause vevitation., Sush

- casgous material may then be coughed up or aspirated inmto other parts

of the lung. The cesecus mass may bLecoms surrcunded by fibroblasts
forming a Pibrous cspsule. Lime selts sre deposited, and the tubsroles
are spoken of as healed. However, living beoilli van often be resovered
from so celled healed or guiescent lesiems. Caloification end even
ossification of tuborcles may result. This is e frequent osourremse in
shildren. Another alternative is healing with soar formatiom,

Lesiens Caused by the Injection of Desd Tuberele Baeilli
#1110r(83) hao demonstrated that imosulation inmto snimsls of desd

tubercls bacilli, prefersbly hest-killed sirains, ceuses lesions of
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varying degrees of severiby. Suboutanecus injeotions of the organisms
merely result in locel absoess, but intravenous incoulation produce
lesions closely resembling true tubercles, st times oven menifesting
cageakion. The resction is believed to be dus to the breakdown of thes
orgoniswe by the host's cells, with liberstion of imtracsllular toxins.
The texins scting on the tissues result in the lesions. This phenemenan
hes been ealled "necro~tuberculosis”, Apparently virulent orgeulsus ‘a.ras
not mesessary. Wilson and Miles(®) reperted similar cbservations in

rabbits by imtrevenous injeotions of BOQ,

T by
Humoral Autibodles. The role of humoral antiboedies inm immunity

sgalnst tuberoulosis ig not known. Agglubining and opsonins sppesr
raguhrly? in low titers in experimental animals but irregularly in man.
Specifie autibacterisl sera agglutinate tubercle baoilli and promobte
phageeytosis by polymorphonuclesr leucosytes end monoceytes inm vitro.

Tt has also been demomstrated thet immune sers £ix ocompliment in the
prosence eof tubercle bacilli and certeln of their enbigeniec eomponemtbe.
They also form precipitates with protein md oarbohydrate fractions of
the organim. It hes not been demonstrated thet immune sers possess
basterieidal or lytie offoots.

Allergy. Allergy in tuberculesis reprosonts tissue sensitlzetion
oy the mechaniasm of tissue response Yo tuberele bacilli and theiy ocom~
stitvents, It is distinguished from other allevgie phencmena sush as
anaphylaxis, serum siokness or atopy in that it is epparently not medi~
ated by a bumoral mechanmism, and is of tho delayed type, requiring a
mmber of houres for response.

- The Kooh Phenomsnon. This allergle wechanise was demonstrated by
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Eoch during some of his early work., Ee found that whem e normal guinea
plg was inoculated suboutansously in the inguimal region with virulent
tubercls baoilli, thers resulted im 10 %o 1l days st the site of imosue
lation e noduls which beceme meorctic, and persisted until the animsl
expired. A regional lymphedencpethy alsc ocourved with tubercls formse
tion and oasontion, and messive diseass in the lungs, liver end spleen.
When he injected the same quantity of organisms inte & tuberoulous
guinen plg quite a different series of reactions were cbserved., After
sppreximately LB hours, a local inflammstion resulted st the aita of the
inooulation, which becams indurated, dark in eolor, end was moon
followed by uwlceration and sloughing., Healing ocsurred rapidly, and
there was no ovidense of cuseation in ths regionsl lymph nedes. Thie
type of respomse in animals previously infected was interproted as a
nanifestation of some degree of noquired resistance which is now knowm
a8 the Kooh phonomenon, In later experiments Kooh found that tubere
sulous guinea~pigs also ressted im a similer way to killed tuberole
basilli or thelr frectimms.

Allorgic Mechenimms. BSinoe the report of these cbeervations many

workers have attempted to odd te owr understanding of the allergie
phonomanon by studying the fate of incoulated orgauisms inte tubereulous
animals, It has slready been memtioned that in the infected animal
Iymphatic dissemination is rodused or chooked, Krmuse(4) injested
virulent tuberele beoilli inte the skin of allergic and normal guines-
pigs and after & short lapse of time he removed the infected skin. He
found that he sowld provent tuberculesis in the allergie, but not in the
anergic snimels. He conoluded thet the imhibition of lymphatic disseme
instion was due o the elaboration of fibtrim which served ez a mechanisal
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Pround and Angevine(85) performed culturel studies of exoised
cutaneous lesions and showed that at the site of inoculation the organ~
imms may multiply ut thelr diseamination to the regicnmal lymph nodes
is inhibited. This agein indicates the operstion of some loocel immino-
logic mechenimm, Humerous workers have studied the ¢ellulsr reamction
in tuberoulous infootion, The gemeral manifestations of collanlar
aotivity have slready been reviewsd. Hore we need only menticw that in
the immune enimal it heas been observed that tubercle formetion is
greatly inorcesed, and newly inceulated organismms are either inhibited
or destroyed. Cellular infiltratiom at the site of imoculation is
shiefly monooytie, epithellold snd gimnt in character. In the nome
immuns animsl the cellulsy respomse is primcipally polymerphemocloar,
with grodual and limited scoumuletion of momomuclear cells, If the
inosulum in tho immune snimel hes been slight or even moderate,
tubercles heal with fibresis, whereas in the non~immune enimal they
progroes and bocome oaseous. |

lurio(eé') hap shown that menonuclear cells aspireted from the
peritonsal cavitissd of tubersulous rabbits exhibit an incressed capacity
not only for destroying tubercle beoilli, but slse fer a nen=spesifie
phagooytosis of sarbom particles.

Thus it besomes apparent that the momeoytie, epitheliold and giant
aéllé play a pignificent rele in lmmuanity,

Immmization. After the discovery of the tubersle becillus, not

only Kech, but numerous other workers atbempbed to find smme effpotive
imauniséng sgent against tubersulosis.
In 1922 Calmette and Guerin reported smocessful results usinmg an



37

avirulent bovine tubsrole basillus which they were sble to attenuste by
long oultivation on & glyverine-potate-bile medium, The organiss becams
known 28 the bseillue of Calmetbte and Guerin or BUG. This atrain has
been employed for vaceimation in mere than 2,500,000 individuals the
world over. A desoription of its properties, the toohnles used for
immuni setion, ’tho srgumente for and sgainst its wse end the present
gtatus of BOG vacoination mey be found in the following excellent
r.pm.(a'f’lﬁé),

Thet man as well as animels cem soquire a definite but limited
immunity by vecoination has been demonstreted in memy experimemts with
BCG. Boosause of the guestioned safeby of this agent mmerous studies
wore undertalen to debermime the immmizing potentislitiss of iilled
tuberole basilil. Opie and Frownd(307) foumd that a moderste degres of
immmity egaiust wirulent organimas could bo prodused im rabbits, Opie
ot 61.(308) syuaying the tmmunising effect of heatekilled tuberole-
baeilli in husen subjeots found o lowey morbidity and mortslity im the
vaoeinated then in the nonvaccinated group.

Other workers conslude from both enimsl and human experiments that
BOG. and other living #ttanuataﬂ erganisss are more effective than killed
orgenliens,

%e115(199) has uttlised the vole bactllus, M. murks, for vecaimation.
The degree of immunity appeers comparmble with that produced by BCG, and
this organiem is now being tried experimentally in humans with the belief
that a reversion to virulemee is less spt bo oscur with this type than

with BCG or similar attenusted bevine or mman strains,

That other organisme might possibly be used for vaceinsation has
recently been reported by Wemkls et al,(ng) whe found that some ehromo-
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genieo scld-=fast beeilli produced a vertein degres of ilmwumity in guinea
pigs.

1% must be stressed thet immunity, whether in animsl or mam, and
no matter under whet conditiome ssquired, is at best only limited, Most
studies are limited besause of the lack of proper controls, and figures
on the per cent of amstive tuberoulosis developing in vecoinated versus

unvacsinated controls are subject to numercus sources of srrov.

Tubsroulin and Tubersulin Seneitivity

Proparetion. Following his discovery of the tubercle bacillus Kook
noxt attempted te find a diagnostic agent, o prevemtive and posaibly a
spooifie curs for tuberculosis. Follewing & lenmg series of invesbiga~
tions he isolated a substence from liguid eulture filtrates of the
tubercle becillus whish produced characteristio toxis resctions in
tubereulous dut no resstion in non-tuberoulous snimals. This substanoe
he called tuberculin, which leter was shows to be a mixture of protein
fraoctions, Xovoh prag-reé tubsroulin by growing tuberale baeilli im s
5 per cent glycerel broth medium for 6 to B weeks st 37 €. after which
time he storiliszed and filtered the sulture and finally svaporated the
filtrate st 100 €. to onestenth of its original volume. The resulting
mixture was a clear, darkebrown, viscous fluid combaining approximately
U0 o 50 per cent glycerinme, components of the medium, and metabolites
of the tubercle bacillus. This material wae spoken of as AT (A1t Tubere
kulin) or OF (014 Tuberculin), B8ince Koeh's day many modified prepars
tions have been imtroduced for disgnostic use. To obviate the dangey
of false positive resctione due to chemical substances other then the

motabolie products of the organimm, o contrel is used. This is made by
ovaporating some of the wincoulated medium to ome=tenth of its volume.
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In the newer preparations 0.5 per cent phemol is usually sdded as an
additional precaution.
Standardisation. Various stendardization methods Lmve beem used

to test the potensy of tuberculin., Koch used e guines pig test whieh
consisted of tubersulin injoctions into a mumber of guines pige weigh-
ing fram 300 %o 350 grame esch, four weeks after being infected with

L or 5 mg. of a fresh culture of virulent orgenisms. If 0,5 ml. or less
killed a guinea pig within 6 to 36 hours, the preparation was considered
potent. Various other methods of standerdizing tuberculin have since
been developed including outansous, feobrile, mﬁmara'bnl and
intratestioular reactions,

Dilubien. Sinoe Kooh obsorved that severe resotioms could result
from consentrated tuberculin, it was found necessary to make verious
dilutiens before administration, Puberculin is stable in iis concen-
trated form but besomes unetable whem diluted. It is gemerally nover
used after 2 to 5 days.

Test Dose, The test dose of OT is caloulated on the basis thab
1 ml, oontains 1,000 mg. of tubersulin. It should be pointed out,
however, that this is an erronecus essumption, since the motive proteins
constitute only & very mmall smount of the tubereuiin. The dilutions
generally used diagnestically are shewn in Table 6. Dilutions are made

on a desimal messure, being expressed in teyms of milligrams,

The test dose of 0T given will vary under different sonditions.
Por oheeking suspected cases of tuberculosis end tuf routine canss finding
surveys the usual dose is 0,1 mg. In pstients with tubereuloszis of the
eye or skin, or in cases of hypersensitivity, 0.001 mg. is usually given,

8ince seme individuals do mot respond to mmaller doses, it is ne¢essary



TABLE 6
Dilutions of OF Used Dimgnostically

Mi, OF Mi. Dileent  DPilution Tost Dose Hg. OF
in M1,

1 9 1:10 0.1 10,0

1 of 1:10 9 15100 0.1 1,0

1 of 1:100 9 131,000 0.1 0.3

1 of 1:1,000 9 1110, 000 ) 0.01

1 of 1110,000 9 1:100,000 L £.001




to use larper smoumts.

Heothods of Application., Ths test is performed in various ways.

The suboutansous test was first empleyed by Inuh(}*n) and ginse then
other modifications have beenm used such 2s the intragutansous method of
hntm(nz' 13) » the peroutsnegus methed of !!arnum), the cubtaneous
soratsh test of Von Pirquet(115s 116) tne ophthalmie test of
Calmottelll7) and the petoh test of Vollmer and Goldberger (36119,
Roading of Reactioms, Resdings are made in 2l end L8 hours, and

graded from + to +4+++ on the basis of the extent in millimsters of
hyperemla, edema, and neoresis, Persons reacting to tuberculin are
called allerglo, thuse failing to resct mmergic.

Purified Protein Derivative (PPD). Seibert et al.(3#0) ana Long
and Soivert(3121) found that tubereulin oould be cbteined in reletively

pure form by growing tubercle bacilli on synthetic media and preoipi~
tating the protein fractions, When hsated thelr capasity Lo sensitise
sould be deoremsed. This preparation, known as PPD (purified protein
derivative) is stable and of uniform strength and is being used more
and more in plage of the less corefully standardised preparatiouns of

- 0%, Like 02, PPD is not a complete mtigén end for this ressen felse
positive resctions will not ococur in individuals who ere tested
repeatedly over long perisds of time. The test material is prepared
a8 & dry powder which is diluted with a buffered diluent prier to use.
In the dry form it is stable indefinitely, but begins to deteriorste
in 2 to 3 days after being disselved. Disgnostically it is used in
twa ztrnngisha, first, which is approximately equivalsmut to the 0.01 mg.
dose of 0T, and second, which is 250 times as strong =e the first, and
Bqual %o about 1 mg. of 0T, The smme precavtions exercised with OF in



regard te sensitivity appliss to FFD.

Charseter of Sensitivity. Tuberoulin sensitivity ie distinguished
from the phenomenon of mphyle:zis or atopy in thet it is apparently
not mediated by & humoral antibody mechanism, Remctions following

inosulstiens with tuberculine are delayed, requiring &) to L8 hours to
resch thelr height, end depend on a gemsitisation of tissus oslls.

Types of Resctions. The reactions produced by tubersulins are of

three types:

i. A locsl typicel inflesmabory response at the site of injection.

2. A fooal inflummation, heommorrhage or necrosis et the site of
the tuberoulous precess, the severity of which depends upon the dosze of
tuboroulin. Pais, edema, inorsased sputum, and hemoptysis are character=
istio responses. Histologicnlly theve is evideuce of capillery dilata~
tion and lousoeytic dnfiltretion. The spread of organisms to other
tissues may eocur, tuberole formation imoroases, snd if the precess
soutimies, millery or disseminated tuberoulosis results, and the patiant
ney oven die.

3¢ A general remotion charagterised by fever, rapid pulss, mslaise,
prostration and oven dsath, or other resctions typiosl of these which
ooour after the incoulation of other teoxic agents.

Vorietions in Sensitivity. There are a mumber of important varis=
tions in tubereulin semsitivity which should be mentioned, Krause(122)
has shown that tuboroulin sensitivity cesn not be elicited until approxi-
mately 8 to 12 days after infestion, when cssestion has osourrod. With
the healing of foci, the imtensity of the reaotiom dimindshes., It is
alse of imterest to memtion that the cells nemrest the foous of iufec~
tion are more sensitive tham the other cells, but ng(m) has shown
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that the germinal cells of the testicle are exquisitely sensitive and
because of this fact hus used the testicle in guinea pige for standards
izing tuberoulin. In the termimal stages of tuberoulosis or in an moute
miliary phase of the disease where the body is overwhelmed by ianfection,
the intensity of the reschbien is greatly redused or may be sompletely
lost. Semsitivity does net menifest iteelf im the presllergic state.
Repeated epplications of tubersulin may resstivate s healing focus, and
given at too frequemt intervals may lead frem a state of allergy to one
of mmergy. Other conditions have been reported te produce snergy. For
ingtance, in experimental work am animael whieh is too young or emacisted,
even though swoosssfully infected, will not reesct to tuberoulin. Intere
ourrent infeotion, memsiruation, prognancy and parturitiom have alse been
observed to temporarily diminish ellergie capacitys; bub with the return
to & normal physiclogie state, the sllergy sgain becomes manifest. The
varying degroes of resotion in referense te fool of infection has
already been menticned,

Specificity of the Reaction. The question of tuberculin speoifioity

has always been one of great controversy. Omp group of werkers believes
that the reaction is speeifie, another group feels that it is not, and
betwoen these two extremes there are all degrees of opimion. There
appears to be sufficient ovidemse to indicats that spesificity is only
relative, HMany investigators have shown that in sush types of tuber-
eulosis e advenced pulmonmary, skin, gemito=urinary, and joint the
inooulation of nom~spevific proteins as egy albumin, milk, sera, vacoines,
fungi, bacteria, or their extrasts, protecses, and glycerine cen alse
produse all the tuberoulin types of resctions. Other workers have ¢alled

attsution to the now-spesificity faotor by pointing out thet positive
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artheitis. Pobrofr(124) showed that large emough doses of heat-killed
tuberole baoilli could establich an allergic state. Baldwin(125) demon
ebrated that slight transitory degrecs of hypersensitivity to tuberoulin
souid be preduced by repeated inmoculatiens of tubercle baoilli proteins,
tut water extracts of the seprophybio timothy basillus, (M. phlei)
failed te reacht im guines pigs infeuted with the human strains.
Lems{mé} reforring to the work of Krause and Baldwin on oreoss sensiti~
sation and skin allergy pointed out that their experiments claﬁriy indi-
cated that tuberoulous mmimels ere hyporsensitive to extracts of warious
non~pethogende acidefast bacilli, and conversely that animals infected
with the avirulent strains respond te tuberoulin in the smme marner as
ﬁbaéoulaus animals. In bis own work he cbserved that extracts of moid-
fast turtle baoilli oould elioit em allevgic respemse, though mild, in
guines pige infected with humen strains. In a later study with scide
fast baetlls he and Seyfarth(127) noted that exbracts frem the frog,
grase and smegma baeilli were sloo capable of produsing allergie
phonomena im tuberculous guines pigs. Elder and Iam(}‘aa} suceeeded in
producing lecal lesiemns in csttle with the avian tuberele beoillus, and
they reparted that these snimals were able to react to mammalisn tubep
sulin, Calmette{129) showsd thet incoulations of extrasts of paras
tubersle basilli im both man and animale geve lecal or febrile reastiens
sinilar to those produced with tuberoulin., In an effort to deterninme |

the causes for tuberculin semsitivity in nem-tuberculous cattle,

Orawtord(130) denonstrated thet the bimethy grass, the mist, and hoge

skin beollli isclated from lesions of these snimals could produce definite
tuberculin semsitivity and since the resotions to mammalisn tubsroulin was
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usually atyplesl, he folt that this suggested a group rather than a
speclific memmalisn=tubsrcle Emﬁlm sensitizabion. The chief importance
of this problem is based on the faot that acid-fast bacilli from the seil
presumably cause ecertain types of skin lesions in cattle end can sensi~
Vize these animals to bubsroulin. Sensitisation has even been deutibad
in cattle with no meoroseocpic lesions. Such sensitisation is thought to
result from ingestion. Qraﬂoﬂ(mg!ﬁ“, Ven Bs(232), Frey and
H&gm(”ﬂg Paines and Auatin(w*" 155}, and ﬁr-mhu%) have reported
similar studies,

In spite of }thoso extensive investigations there are those who
still meintain that although it has been demonstrated that non-gpooifio
subsbances, fungi, certain nom-acid-fast basteria (oolom, typhoid,
brusella and diphtheria) or their products, and many scid=fast bacilli
other then tubercle bacilli manifest allergie phénmm, the rescetions
are mover as olear éﬁt or as intense ans those obtained ueing squivelent
smounte of tuberculin. The metheds of preparing and standardizing vari-
ous tubsroulins have been other factors of oénsidarnbla debate.

The major evidense that tuberculin allergy is based on tuberculous
infection has been aa:iwd from the high correlation betwsen tubereulisn
hypersensitivity and postmortem fimdingg,

Cytotoxie Properties of Tuberoulin, Imterested in the effects of

tubsroulin on tissue cells, Rich end Lewis(137) undertock studiss of
living tlssus cultures of washed leuccaytes, and reporﬁeﬂ that tuber-
eulin in sdoquate consentration could exeort a selective toxis effect
on cells from tuberculous enimals. The sme results could be produabd
with sensitised cells in normal plesms, and for this resson it wae

believed thet the toxic manifestations wore not due %o humoral anti~
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bodies, but to some mechanism within the cells. These ocbservetions wré
extended and confirmed by Aromsen'338), Rich and Lew1s(139), Moen and
swars (W40) ana Hotdmen ot ar. (W),

Evidemoe for the cellulsr mechanism of tuberoulin sensitivity was
established through some of the work of Chase' 2) Gumings ot ai.(245)
and Staviteky(Ml) who demonstrated that tubsroulin allergy ceuld be
egtablished passively in normal guinea pige by inoculstions of eells
from peritomeal &mdatn, lymph nodes, spleen and whole blood of guinea
pigs which were semsitized by heat~killed tubsrole bacilli suspended in
mineral oil. Stavitsky felt that the lymphooytes may play an importent
role in sensitivity, and emphasized the significemce of such experiments
for the possible elucidetion of the chemical meshenimms rosponsible for
this type of allergy.

In further studies on the eelluler mechenisms of tuberculin sensi-
tivivy !‘avem'(ms} has shown that the pretein extracts of the tabercle
basillus ¢an produce marked lybtie effects in vitre on lewocooytes from
tuberculous mice and guinea pigs. Fremont-Smith et 11.(11“6) have
reported similar oytotoxic effects om white cells from tubersuleus
humans. In a subsequent study !u.rour{lm) found that leucooytes from
normal tubersulin negative persons, as well as from patim- with active
tubersulosis, were capable of adserbing 0F from homologous fresh plasma.
White ¢ells from normel and tubereulous mice gould not do so. This
suggested an affinity of tuberculin fer the tissues of some specics of
animals and not for others.

Since normal serun or plamma was used in studying the sytetaxis
aotion of tuberculin, it was believed that the effects were speeifis for

the tuberculous-type iloucooytes end was independent of any sorum somponent.
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But in later :tudiag(m; it wvas found that such thoroughly washed sells
sould not be lysed inm nommal plemma. On the other hand, washed cells
frem tuberculous patients, or from normal ﬁbemulm nogative persons,
when placed im plamea from infscted patients in the presense of ‘Glé
Tubsroulin sould be lysed. Attentlon was called te the faot that the
rosulte of esriier nudiu{u‘é) in which the tuberenlous cells similerly
lysod inm normal serum were probably dus to trages of tubsroulous plasma
on the surfaces of wnwashed or insufficiently washed cells. These cbser~
vations indiceded that saﬁna component in tubsreulous pleasms wes emsential
for the in vitro lysis of leuscoytes by tuberculeprotein., This wme
proved in subsoguent axpsrmmts(""w) + %he fattor, present in the
euglebulin porticn of the plesma, is a non~dlalyszable heat labile
fraction whish is stable for 7 daye at 10 €., and sen be presipitated
with the glebulin frastion of the plamma proteius,

Prompted by the observation that « positive tuberculin %est in man
may be followed by an inoresse in in vibtre tuberoulia white cell lysis,
Favour ot ,;1,_(150) studied this phenomenon further in guinean pigs, and
noted that the snimsls, sensitized te tubsroulin by the ilmoculation of
hest~killed tubersle bacilli in paraffin, oxhibit e similar incresse in
in vitre tuberoulin eybtslysis.

TEE ATYPIGAL ACID-FASY BAGILLI
Inbrodustion
4 large mmber of atypiocal tubsrcle besilli snd scid-fast érgmim
other than tubercle basilli isclated from human, eanimel and other
sources have been desoribed., Hany of these sbrains hove been showm to
possess verying degrees of wirulemce., The bioiogie rah%ma&:ié botween

the tubercle basilli, the so-called saprophytic, and the atypical sside
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fust organicms is nmet well understood. A mmber of workers have isolated
chromogeniec scid~fast bacilli from the sputum of pationts who prosemted
veguo olinloal mympboms and roemtgenographic evidence simulating tuber-
oulosis end, boouuse of the indefinitencss of these Pindings, diagnesis
wag difficult, for chromogonio scid-fast beoilli are generally sccepted
a8 saprophytes inocapable of produoing disesse. The ubiquity of these
organiszs in nature and in the other sources mentioned slsoc emphasises
the neseosity for clerifying the position of these strains in disgnostis
cally uncertain cases, Siunce the elassifiontion of the suprophytie and
atypioal group is still very inadequate, it is diffioult to detormine
whether all the erganisme desoribed are different, or, in many instances,
merely redoscriptions of similar typos.

History
Reports deseriding organisms resembling, more or less, the stypical
ohramogenio group studied in this imvestigation have appeared from time
%o time, and those observations are summarised below.
Bastwood and Grifeith(191) g501ated o mmber of chromogenic myso~

basteria from tissuss, pus and fluid of humen bome and joint tuberculesis
which differed in ome or more respects in sultural charastoristics and
virulonse from the human and bovine types.

or1eesen{32) Ghuatned four atypisel ohromogenis strains from the
sputum of tuberculous patients which exhibited standerd memmalion
virulense, but these 4id wot resemble oulturally either the human or
bovine types.

cobbett(153) reported a case with chremis intrestsble pustules
sovoring the back, bubttocks and thighs fram which atypicsl oream-
solored acid-fest basilli wore isolated. Peritoneal imsculstions into



L9

gulnee pigs of pus from the lesions Pailed to kill the animals or produce
vieible lesicns. Results of culture incoulations into mnimels were not
raported.

Rﬂbimiﬁ&ﬁh(l%) in her studies of atypical asid-fast bmeilli
called attention to the fact that cocasienally human tubersulosis is
esused by etrains of tubercle baoilli pessessing the biological proper-
ties of the avian type, and that e strict division of the seversl types
is not alweys possible bosause of imtermediate strains. She further
pointed out that similar organiems were fowmd frequently in cases of
tubereulesis of the skin (lupus), and she could not exelude the possi~
bility that, under certain conditions, a transformation of the primary
type msy teke plece in the humen body. Similar opinions were held by
Poram(?95), uaner(66), us110r(59), Lormo1a(®5), stodiwers(68),
Enmyw% and Dreyor and Vollu(ﬁ>.

!itchallusé ) isolated a .mnl.mr of astypical eseid-fast baoilli frem
lesions of cattle simulating suboutaneous tuberculesie, The organisms
were difficult to culture, and were of low virulemoe for guines pigs snd

rabbits, About T0 per vent of the cattle reacted less severely to

tubereulin thean animels in the ceme herd affected with charsoteristis
tubersulous lesioms,

The identification of chromogenic ssid-fast baeilli has been
further complicated by the fuct that avian tuberele bacillil sen dissooi~
ate imbo chremogenis strains whish eulturslly and in other respects
resamble the types of chromogenio organisms under comsideration in this
investigetion. It is not the purpese st this point to discuss avien
infeetion in man, but in reviewing the history of this problem attention
should be called to the work of L’Bsgwme@&s?* 158) who presented
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ovidense that avian bseillli may be the csemece of Hodgkin's disonse, She
folt that hor observetions justified the comelusiom that in the chickems
whieh she lnoculeted with Hodgkin's glands, thore wore iosions with the
histolegle features of Hodgkin's gramuloma which were also comparable
with evian tuberculesis. ZThis ebvicusly suggested the pathogenisity of
the avian baoillus for man., She further dememstrated that while avian
buoilli are nompathogenie for the usual leboratory enimals, exoept the
chioken and rabbit, they do become infeotious if dead human or bovine
bacilli ure Pirst injeoted, From these observetions she somsluded that
it ie possible to transform a resistant snimal into & more suseeptible
one by previous treatwent with dead heterologous tuberole beeilli. The
aeguisition of virulemse for man by some chromogenie soid-fast baoilli
night be explained by sush o concept. Braneh(29) 1u his studies of
tuberculosis concluded thet avian infeotion in man is rare, end that the
eticlogie role of the evian tubercle bacillus in Hodgkin's disease can-
not, for the prosemt, be sodepted as proved. In a lster report(176) ne
ealled attonbion to the feet that there were a mmber of instanses of
non~memmalion seid-fagt Daoilli infeoting man. Same of these organisms
wore thought to bolemg to the aviam group, while others were believed to
be mew strains of pathogenic myoobsactoria.

Boavent160) ang Beaven and Beyne-Jenes 3%} reported a sase of
oxtonsive pulmomery disesse resembling tubereulosis in an 11 week old
infant due to an atypiosl chromogemic svid-fast organiem which eculturally
closely resembled the avian tubercls basillus.

1116r{50) 1501ated o "varient” from a two-memths-old culture of
the H37 strain of the human tubercle baoillus which morphelogically
resembled the paremt solomy exeept that it was chromogenie. Mierosvopi~
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cally he found numerous gram-pogitive mn-aeid-mw rods and grasules,
together with a few acid-fast reds and granules., Some of the non-neid~
fast rods also conbained from ome to three acid~fost granules. When
inogulated into guimea pigs the chromogen produced fewer lewions than
the more virulemt HJ7 strain. Miller believed thet this orgenimm wes e
non-acid-fast mutant derived from the paremt oulture. Bimilay observa~
tiens with the H3TRv strein have been made in this study(162),
Piomer(163) fsolated and studied & mmber of atypicsl chromogenis
acid-fast bacilli which he believed had not been described previcusly.
These organisms varied in their growth imtensity, in pipanent production,
in their growth on liguid media and in their pathogenie effects. Ina
aubsequent investigation(165) ne reported the isslation of L white,
emooth acid~fast streins, He thought that these were probably relatively
avirulent vvarunta of buman tubercle bmeilli. By serial animal passsge 3
of these strains were trensformed into typical humamn colonies. The
rosulting rwtls-;ruin; organisms beheved emtirely like true human strains,
and their cheracteristics remainsd stable for many generatioms. Im other
sbuﬁiea(m* 16,) Pi.mur isolated atypieanl chromogenie acid-famt baoilli
in 0.9 per cent of 5,000 disgnostio sputum culburss., He comsidered it
striking thet all of these orgeanisms, with one exeeption, were iaolntﬂ
during, or at the begimning of, inactive phases of tuberoulesis. 411 |

attempts to obtein them from extranseus sources such es air, media, or

-any material used in culturimg specimens wers unsucoessful. These

skrains, in comtrast to the olassiecal saprophytes, were cepable of
sensitising guinee pigs to tuberoulin and produced self-healing gramulo-
matous lesions. In two experiments gserisl smimal tramsfer ceused pro=

gressive tuberoulosis from whioh colonies of typical tuberele basilli
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wore isolated. Pimmer could nod duplicate these results inm s sevond
experinent .,

Prompted by the suggested ilmmunolegic relationship of chramogenic
“oid-fast basilli to true tuberole daoilli Wemkle ot al.(119) juvestie
geted the lmmuniging capacity of the former organisms in guines pigs
ageinst virulent human tuberecle baoilli, The chramogenic organisms were
isolated from sputum, nasal secretions, urine, skin and the mucous mem=
branss of patients with eotive, arrested and cured tuberoulosis. Pram
their general desoription, these straing sppear similar to those
desoribed by Pimmer amd the organisms studied m‘wia investigation.

Sehiff snd !’u*shia(lé’e)‘ reported a case of tuberculous mneningitin
from whom an atypical chromogenic orgsniem was isolated, Two oultures
of this organiem obtained frem the spinal fluid during the third and
fourth menthe after the patient was pleced on streptomyoin therapy,
killed guines pigs in approximately 6 weeks following 1.0 ml. intrae
peritoneal inoculations of heavy suspensions. On gross examination of
the lungs, liver end spleen of the animals, » typical piobure of
tuberoulosis was found. Mieroscopic findings were atypical., Stains of
direct mmears from the lesions of these ergans and tigsus sectiong
rovealed soid~fest organisms. Chromogenic scidefust bacilli were also
found present in } per cent of 3,011 diagnostie cultures fram patients
in various phases of tubereulosis, but ohiefly from those in an insotive
phase of the disosse., OF special interest is the faet that 19 per cent
more chromogenic orgenimss were isolated from patients who wers
reseiving or who had received streptomyoin than fram patients who had
never received sush treatment.

‘l‘hmnn(m?) in an endeavor to find oriteria for olassifying
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saprophytic asidefact bactoria desoribed a group of pigmented "leprae”
baoilli which bear seme resemblance o those of Pimner(16l4) snd to the
straing studied im this investigation.

Daines end &usﬁ-n“m’ 135) isolated three different groups of meoid~
faet beoilli frem cutaneous lesioms im tubereulin-reacting cattle. Their
group III may elsc bear some relaticmship to the ohromogenis human strains
deseribed by Pimmer and the ones in this study.

Sohwabachoy (168} reported the isclation of ohromogenie seprophytic
wgid-Tast bacilli fram blood cultures of & tuberoulous patients,

1 patient with Sehizophrenis, 6 tuberculous rabbits and 3 normal rabbits.
8ix straine wore recovered in culture from waber amd slime, 5 from dushk,
and 1 from & comode. Some of these orgenisms had rough, while others
had mmooth oolony charsoteristics. They wers sll wimlen‘_b in 1.0 mg.
doses for guinea pigs.

Cummins and Iﬂlims(u’g} reported a oase of acute pulmomary
disesse in & young femele from whem an atypioal chromogenie soid-fast
basillus ("M" strain) was isolated. The disease simulsted tubereulosis,
Animels infected with verying doses of the orgemimm (0.5 te 2.0 mgs.)
showed chronic abscesses which were septic rathey tham tubersuloid in
type, and, in this respect, recembled the septie pneumonitis of the
patient. Positive reactions to & tubersulin prepared from the organiom
ware obtained in the infected snimals and slse in one cese of human
tubereulosis. Hormal humans and guines pigs were negative on test.
arier1th(170) i more intensive animel studies with this organiem using
larger doses (1 to 25 mgs.) found that it was pathogemie for rabbits
and mice when inogulated intravenously or intraperitaneally, but had
little pathogenicity for the guinea pig and none for the fowl or frog.

This ohromogenic strain differed from tubercle bacilli both in eultural
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gharecteristics end ites effect upon animals, and was pot identicel with
any of the moid-fast bueilll he obtained from tubearcle~like lesions in
vold~blooded mnimals or any of the saprophytic ecid-fest organisms with
whieh he worked. Steenken and Landau(}T}) studied the ™" strain
further and included ax "IP" strain isclated from an almost identical
esse. The objest of their investigstion was to debermine whethsy
these organisms could be dissociated, to compare the behavier of the
veriants on artificiel medism, and teo ascertain theiy pathogenie
potentialities. Bach strain wes disscciated into at least 2 variants
possessing distinet topographiosnl amd bislegioal charesteristics.

Some of the variants in the early steges of colony development appeared
to be white, but with age at romm temperature and expesed to light,
they invarisbly developed chrumegenioity. Exrirommental cenditions
were shown to play an important part in morphological varietion, The
strains were non-pathogenic for laborstory animals exoopt in the case
of "H" which exhibited some pathogenicity for mice and rebbits. It
was felt that lérger doses or snimal passage might increase the dograé
of virulenve. ©Speocific tuberculins eould be prepared from essch strain,
and animels reacted wmore sirongly te the homelogous than tc the
heberologous extract,

Loater(*T®) gtudsed the frequency of occurremces of asidsfast
saprophytes in oultures from humen material to determine their signifie
cance a8 sources of error in oultural examinations, In a five year
perdod (1932 « 1936) she isolated 130 ssid-fast saprophytic strains
from 26,3L3 semples of spute, stomach washings, pleural fluids, urines,
and other specimemns. Of these 55 had a bright erange eclor. In
routine work four groups of organisms were found, (1) buman tuberclie
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baeilli, {2) bovine tubsrele bmeilli, (3) styploal strains of tubersie
bacilli, inoluding chremegenic organisms which from her dessriptions
appear eimilar to those desoribed by P:l..um{lﬂ*) and the ones in this
study, and (i) soid-fast saprophytes. Of the 130 moidefast saprophytis
straine mome were puthogenic in the doses used (0.01 to 10.0 mgs.), but
the most dysgomio of those growing im orange coloreé colenies were able
to produce mmsll sbecesses by imbracutemsous injeotions, Ho propagation
wag soen, and the abscesses healed spontaneously in a fow weeks. One
smooth atypical yelliow chromogeals strain hed the virulemse of sn

avian tubercle bacillus, for a 1.0 mg. inponlum killed s rabbit in

l; weeks, and the postmertem findings corresponded to those described ss
"Yorsin® type tubsreulesis. Im guinea pigs 0.1 to 1.0 mg. injections
only produced local lesiens, whereas 2 guinea pigs imooulated with

5.0 mge. intraperitensally died in a month with degemerative changes ia
the organs, but with no modules, and meny csseous glends in the cmontum.
Here the orgeniems were abundsnt, whereas in the organs they were
soarce. Laestor called attemtion to the feaet thst in disgnostie work it
should always be remembered that saprophytes may show resemblsance to
typical tubercle bacilli« Bhe further peinted out that stypical strains
ere scarce, and if an organism is not easily recognized as s typicel
human or bovine tuberole basillus, it should not be discarded until
sulficiently exmmined by cultural end snims) tests,

Belawin(173) reported a case of chronic prneumonitis in a 2 year
old female sevretary sssociated with em acid-fast chromogenic organiss
whish he belleved to be related to the timothy or graes group of scid-
fast baocilli. The erganimm proved non-pathogenic for guinea pigs,
white mice, rebbits end chickens. The patient resoted to 0.000,25 ml.
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of O, and nmuch more strongly to 0.001 ml, ¢f a» tubereulin prepared from
the infeoting strain, The organism was isclated from the sputum on
ropeated ocscasione. Following en episcde of aéu-&o pusunopis and
ashalusis, the patient developed fibroeis and emphysema, In a subse~
guend pa'ianutim{nh} he also showed that chromogenio acid-fast basilli
could be isolated from verious fresh fruits and vegetables, and pointed
out the possibility that patienbs euffeping from cardicspasm mighd
aspirate inte the respiratery traot vegurgitated food comteining these
organiems and thus preduce pulmonary irritation.

Faldwan ot 0.1--(‘?5) reported o cane of pulmonary discase of long
duration in a 55 year old wderground miner associabed with an atypical
chromogenic eacid+«fast orgenims which was dissimilar %o the bovine snd
hman types of myoobeoteria. Although reentgenegraphic exemination of
the chest appesred to Justify a diesgnosis of far advanced, bilateral
pulmonery siliceotuberculosis, specimens of sputum containing soid-fast
baeilli failed repostedly to produce tubervulosis in guines piga., The
organisms sensitiged guinea pigs, rebbite and ochickene to avien tuber-
oulin end less conmsistently to mmmelisn tuberoulin, wnd they were nob
pathogenie for gulmea pigs. They did, however, exhibit a relatively
low but definite pathogenieity for rabbits. With one exception, all
ahickens incculated intravemously did not manifest progressive tubeyw
oulosis; inbtramuscular imcoulations of the chickens, however, resulted
in some instsnces im the development of a destructive tubsroulosis~like
prccgu without extension to the parenchymal organse The resistanse of
the organimms to oxalic nmoid, thelr tinctorisl charscteristics, their
ability to induce sensitivity to tm:mﬁlih, their agglutinegenio
features and thelr sbility to establish limited tuberculosis-like lesious



51

in rabbite and chickens all isdiceted & strain closely related to trus
tubercle bacilli, Although characterized by meny features suggestive
of avian tubercle bacilli, the cultures investigated were not typical
of this organism, On the basis of certain biochemical and aggluting-
gonis charsctoristics the various sultures were nob all identicel.

This indisated an instability of the organisms present in the pulmomary
‘lesiens, although the speoifiec mechanism was unexplained., It was
thought conceivable that the silicesis of the petient may have provided
& i‘amrable threshold for the perasitism of an ergenism erdinarily
nonpathogenic for humesn beings.

Larnola(®5) tn nis studies of a large mumber of typlosl and atypieal
tubercle beoilli isclated from sowage, water banks, and forest ditohes
in the vieinmlty of a tuberculosis senstoriwm and from spubum and gastrie
washings of tubereulous pati@tu foumd great variability in etaining,
morphologis, cultural, and pathegenio properties ef these organismas,
For imstence, he noted that organisms of low pathogenicity om culii-
vation in the lsboratory for lamg periods lost thoir pathogenioity.

This was sssociated with change in the sharacteristis mods of growth,
sbaining and morphologieal appoarance, and colony pigmentation. Same
straing of tubersle besilii malataé from patiente with alight sotivity
exhibited low pathogenieity. Other strajus with low pathogenicity for
man prodused overwhelming disease in guinen pigs, while others avirulent
for these animals were still capable of semsitizing them te tubsroulin,
and by animel passage they could again be made virulent. 8till othey
straine whioh resambled true virulent human tuberole baeilli im sil

respects were not always pathogenie for guinea pigs,



Sources of Organisms and Histories of Patients

The chromogenic acid-fast organisms studied in this investigation
have been isolated from the following four groups of patiembs.

1. Pram those suspected of having tubereulosis.

2. Frem those in an sotive phase of tuberculosis.

3. From those in a olinicelly improved phase of tubersulesis.

li» From those having died of ‘hubéreulonia.

The sources of the chramogenic acid-fast arganivm and histories
of the patients from whom isolated are givem in Table 7. The sources
of the standard strains of tuberele bacilli and the saprophytie

myeobaoteria used as gontrols are shown in Table 8.
General Baoterioclogical Cherasteristios

Morphology and Staining, All of the chromogenic orgenimms are

seid~fast, gram-positive, non-motile, non-spore-bearing, non-capsulated
rods, They are guite wariable in size, rmging approximately from

1 %0 15 miora in lemgth by 0.l to 0.8 miers in width, Most of the
 orgenimms resemble tubercle buoilli, but the majority are soneahat
longer and in some cases thioker. They are also a-ﬁhn.t plecﬁorphs.o,
exhibiting elubbing et one or burth ends with central body constrictiona.
Some strains are very tiny and regular in contour, others are elongeted,
samewhat irregulsr, end show cenbral srohing. HMorphology varies oonsider-
sbly aceording to the medium used for growth and the age of the culture.
In gemeral, plecmorphimm is more marked in older oultures. Gramiles are
seen frequently in some of the strains and only rarely in others; th_en
are spaced regularly foyr the most part but may alse be found arrenged

irregularly. Occasionally only one gramule can be seen, but several are
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generally prosemt. Acid-fast staining may be intense, moderate, or weak,
Young aolmiesv often stai# weakly acid-fast and ccoasionally thcy Bay
not st:ain at 8ll. Onme may find only soid~fast gramles. Brmhing has
not bsen cbsarred

Cultural Characteristios. The strains are aercbic and the nsjority

can be cultured on & variety of medis, but all of them mulbiply best om
those used for culturimg tuberele beoilli, In liquid media growth rarely
ocours on the surface with paliiale i’ematién, in others it takes place at
the bottem of the tube, while in still others it is uniform throughout,
In seme cases one may find a combimation of any of these three typos. On
the mest faverable medium colsnies may be detscted in about 2 days at
57 €., but the aversge period is sbout L to & deys. Thie is chiefly
dependent upon the sise of the :l,néculu. solonies appearing earlier with
the lerger and later with the smaller incouls. Maximum development takes
place in from 2 to L weeks. At room temperature growth is very much
slower tham at 37 €. The organisms can elss withstend the usual soncen-
tration technios used for destroyinmg comteminants prior Bo eulture.
Galaqy_uorphnlog. With the exosption of ome etraiﬁ (4-2), al1

colenles are eomvex, smooth, shiny, and soft to tenneious in consistenoy.
In golor they range from Iamnn-yellaw to dark orsmge, the ixrﬁsnsit;;,r of
pigmentation inoreasing with the age of the oulture. Same strains are
casily emulsified in "wa'*aar or salime, but others are not. Dispersed
growth sn be obtained in DuboseDavis mediwmt2), ¢ Pirst strainm o2
was like the other organisms, but efter repeated subsulture on Corpere
Cohn mediun(178) 3¢ sequired rough charsetoristiss similar to the human
tuberele baoillus, suggesting possible dimsosiation,

Pntheguigig,. All strains were tested for pathogenicity in guineas

pigs and some in rebbits and white Swiss xnico; Small doses in general
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did not produce any significant macrogcopic lesions, bub larger doses
did, and in some c¢mees death resulted. The details of the pathologieal

manifostations ere discussed im the seotion on pathogenesis,

lethods

The media used in this investigation and the methods of preparetion
are presented in the section on sulture media. To obtain dispersed
growth, tubee of Dubos=Davis liguid medium (formula given by Fisher)(176)
wore inosulated with the various organisms and inoubated for 1k days ab
37 €. Following in@uﬁaa‘tim the culbures were ndjusted to the No. 5 tube
of the ﬁcFarim(‘wT) nepheleneter standard (1,500,000,000 organiems
per ml.) and 0.1 ml. smounts (150,000,000 organisms) were used for inmseus
lation in the cultural and streptomycin sansitivitg% experiments, ALl
washed organisms wsre prepared by centrifuging the tubes of Dubos=Davis
medlun, desanting the supernatant fluids, sad washing the bacterial
sediments three times with 0.85 per éazﬁ‘b sodium chloride sclution,
Following inmoculation, all oulture tubes of solid medis were inoubated
iz an inelined position for the first 6 days, efter which time they wers
rlased in the verbical position. The tubes were incubsted at 57 €« and
observed daily under a bright light for 6 weeks. The day growth first
eppeared was recorded numerically. After & weeks inoubstion the fimal
degree of ngh was indicated from + to ++++, The coutrol media
insluded Corper-Cohntl™) and Dubos-Daris(176)e 411 media were cheoked
for sterility prior to uss. Streptamycin sensitivity experiments wore
done using Youmans liquid medium (formulas given by Fi&h@r)u?é) . The
cultures were imoubsted for 1l days at 37 C. before final reasdings

were made. In other experiments incubation wes continusd for s long
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&8 12 weeks, The consentrations of the antibiotie used were 1, 10,

end 20 mogs. per ml, All organisms studied were suboultursé am Corper-
Cohn medium onse momthly, and, in sddition, the E3TRv strain was
subsultured every two weeks on Youmens medium (without sorum albumin).
This was done at the recommendstion of the Trudesu Laboratory to main-
tain virulensce.

In the enimal experiments all strains were tested for vathogenicity
in guines pigs, and in sddition, straing U6, 886 snd H3TRv (oontrol)
wore tested im rabbits and white Swiss mice. Young male animals were
selested for study, the guines-pigs ranging in wolght from about 200
to 380 grams, the rubbits from MLO to 22,0 grams and the mice frem 10
to 17 grems, Almost all imoculations were made intraporitonsally and
& few were made suboutansously snd intra?énously. The iaoccula were made
up avcording to the wet weight quantitative planting methed deseribed by
Corper and eahn(ma} «» Samples of all such preparation# waere eultursd at
the time of inooulation to chesk the viability of esoh straim. All
animels were weighed weekly, and tuberculin tested prior Yo infection.
The time of subsequent testing is indicated im the protoocls. Socond
strength PPD (purified protein derivetive containing 0.005 ng. of
tubarmalin)l was used, end given imtrecutaneously in 0,1 ml. mmounts,

Tuberculin resctions were greded as follows:

+ = Renotion more than 5 mm, and mot exoeeding 10 mm, in
dismeter, showing some redness and definite odema.

++ = Reaction more thean 10 mm. but not exceeding 20 mm. in
diemeter, with sn ares of redness, edema and with or

without necroeisg.

11’;:-.'@:9, Davis and Compeny, Detroit, Michigean.



+4++ = Roactions exceeding 20 mm. in di=meder with moderate to
marked redness, edema and with oy wlthoul neorosis.

++++ = RHesctlons excoeding 20 mm. in dimmeter with very marked

rodness, e¢dema and neorosis.

Bzperimsutal tuberoulins® were prepared by pgrowing the organisms
in Youmsns ligquid medium for & weeke at 37 €., then ceatrifuging the
gultures, and evaporating the supernatemt fluids to one-half of their
volumes in a 60 €, weter bath. Afber svaporation L ml. smounts wers
aéé-d to sterile vacoine vials and enough 5 per cent phemol, made up
in o solubion of 0.85 per sent sodium chlorvide, wes added to esch vial
te give a finmal concenbrabion of 0.5 per cent. DBacterial suspensions
were preparsd in the same manver after diluting the centrifuged sedi~
mouts with 0.85 per cent sodium éhlorida. A sontrol solubien wag made
of 0.85 per cent socdium chloride emd 0.5 per cent phemol. The tuber~
guling, bacterial :uapmaiema and control solution were placed in the
refrigerator for 72 hours prior to use. Iatrsevtansous inceula of
0.1‘ ml. of esch preparation was used in the tests.

Animals wore sacrificed by other imhalstien, snd those killed or
expired were autopsied and seotlions of tissue removed asepiloally,
placed inte sterile Petri dishes, eut into mmall fragments and portions
inoculeted inte tubes of Gorpur-ﬂahn(l?&} and Potragnami(}"?g} modia in
an attenmpt to isolate the organisme used to infect the enimale, Direct
smears wore alsec made of the lunge, livers, spleens, kidneys, and
abscesses and stained for asid-fast bacilli by the Ziehl Neelsen tochnie.
Other portions of thess tissuss were preserved in 10 per cent formalin

for mioroscopic study. The spleena of all the animals were measured.

iThe term tuberculin as here used refers to bacterial extracts of
acid~fest organisms, not necessarily true tubercle bacilli.
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Experimental

Gulbural Studies,

A, Growth of Chromegenie Acid~fast Grﬁmisms snd Tubercls Beoilli

on Different Media. The initial experiments were designed te ascertain

the general oulbural cherasteristics of the chromogenic organimms.
Thirteen different wedia, arbitrarily sslected, were cbserved to deter-
mine when growth first oscurred, the degree of growth after & weeks
inoubation and whish media would or would not favoy pigment produstion.
The range and degree of growth of the media and the organisms were also
studied to find out which medium supported the growth of the greatest
mmber of organisms snd which the least, and whioh orgenism grew on the
largest number of media and whioh the lesst. For comparison the three
standard straing of tuberole baeilli wers included. These dats are
presented in Tebles 9, 10, and 11.

In Table 9 1t will be noted that, in gemeral, the medie such as
the Losffler, liver tryptose¢ ager, brain heart infusion broth asoitie
fluid, brain heart infusion broth, thioglycollate and extraet broth do
not support the growth of either the chromogenioc organisms or tuberecle
beeilli very well. The other media do support most of these organisms,
especielly the Dubos-Davis and Corper-Cohn., Strains W3 through 509
resemble the tubercle basilli, sinve they also grew poorly om the first
6 medie. Straims 8«9 through W=7 differ in this respeot, because they
were sble to grow with two exceptioms, on all of the last L of these
medie. Rather marked selective requirements were exhibited by 8«1, M=3,
E-1 and 509, which developed on emly the liver tryptese agar, whereas
W2 developed on ounly the extrast broth, and 98717 on only the thiogly-
eollste, Oubstanding is ¥~6 which multiplied on all the medias, in



PABIE 9

Grewth of 25 Aedd-fust Orgauiens on 13 Diffevent lodis to Indicate the Iey
trowth wes Firet Observed, the Degres of Growth, end Plrment Farmation

Modium QAFB

Hew3 {288 S=T 786 ] 98717 Bl B Wl Sul 13 Vw2 -1 509 Buil B86 Vil
Beseessse @ 0 ) 0 o o ) ] ] 0 0 ] o 0 ) ] o
i=TAZeses O 0 o o 4 0 ) ] o P 8+ 0 Gt 114+ 0 ) ]
BRI#Pee. O 0 0 0 0 ] o 0 ] 0 0 ] 0 ] 10+ ] 0
Bilessses © 0 0 o ) 0 ] ] 0 ] ] 0 0 0 o+ 32+ 13
Barsonsz 0 o 0 ] ] 35+ ] o 0 0 o o 0 0 10+ 32+ 15
BBussses O 0 0 0 0 0 0 0 0 0 o 17+ 0 ] g+ 33+ 13-
Bedigessss O ] ] 0 0 16+ 25+ ] 0 o 0 12+ F54+ 18+ 0 0 13
Balgeseos O 0 12++ 0 i+ 0 0 12+ 12+ 13+ ez 15+ 15+ U+ ° 12+ 16
Beyssnse Q 12+ 0 39+ 5] 0 0 0 GH4C 0 5+ 1240 20+ 21+ B~C 1140 16
Belsseses O v} G+ 3140 &+ 0 9+ 12440 12+ T+ B+ 15+ i 16+ 0 1+ 0
Pmdgenrses 16+ el 0 3346 180 13+ 9+ 124 G0 T+ &b 12+ 21+ 2+ B 40 13-
DeDessses  L# 3+ L+ 5 10+ 3+ 3+ B4 I+ 3+ 2 34 3+ 5+ e I+ 3

Culusense  BHHE  GHHC  1DHHE 940 GG LpC e Gl G0 BRRH B0 LR SRR THRRE LR e B

GAFE = 0 agid~fest bmeilli, '
TH & tuberele bacilii (i, tubereulosis: BCG & var, bovis; H37TBe, H37Rv % var, hominis).
¢ = madiz phowing ehrefogBnlc coloniess
L = loaffler, I~Thg » liver tryptose apgar, BHIHF 5 brain heart infusion + nmmn sseitie fluid, BHI = bruin heart infusion. 7 5 thieglycollate.
E-B & sxtract broth, Deig 2 blood agar, Beig ® extract apgar, B-G ® Bordet-Gemgou agar bass. BeA ® blood agar base, Twig B tryplose agare
D=D = Dubos=Davis. 0-C & Oerper-Colm,
Bombors represent the dey growkh wasg first observed.
§ymbols + to i+ represent firel degres of prowth after & weels et 37 C.
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' 85 Apidefast Organisms on 13 Different Modia to Indlcate the Day
was First Ubssrved, the Degres of Growth, and Pigment Farmatiom

Wel Bl H»Bm T2 Bl 509 8=9 686 Tedy §=10 s..'a 86 W] i) BC@ x;n 7Ry
] 0 0 o 0 ] 0 ] 0 ) 0 0 0 T+ ) o 19+
0 T+t B+ ] Bt 11+ 0 o 0 0 o ] o Yanas ] o
0 0 0 o b 0 10+ 0 0 2+ 30+ 26+ 9+ b+ 0 o 26+
0 e o 0 o ] o+ 32+ 13+ 19+ 28+ 26+ o+ L+ ] ] 254
0 0 o 0 0 0 10+ 32+ 15+ 26+ B0+ = 9+ bt o e 0
0 0 0 17+ 0 o g+ 33+ 15+ 20+ 25+ 27+ g+ S+ 0 0 a1+
2] 6 0 12+ 5+ 184+ ¢ 0 13+ o = T+ Upt+ 7+ i+ 1244 Brirdr
12+ i3+ 7+ 15+ 154 U+ v} 12+ 16+ 12+ o THE 18+ 746 4] 4] o
B0 0 35+ 1240 20+ 21+ BHE 1140 160 124+ G- T 1244 il 334 11+ 134+
€ 12+ 7+ B+ 15+ &+ 16+ 0 1+ ] 19+ o 7+ 124¢ 70 16+ 17+ 174+
b 5 T &+ 12+ 21+ 12+ 8+ GHE 13+ 21+ D+ 7+ 124 7HHG 24+ it 10+
3+ 3+ g 34 3+ G+ G G+ 5+ g b+ b = T+ Lt
FHE G0 BERHAC SRR L0 SHHC THRHE L0 LHEH0 S0 30 SRR SHHC G0 GRH0 Lk Gk G

e hﬂﬂs).

+ bumen sseitie fluid, BHI 3 bruin heart infusion. ¥ & thisglyeollate.
wrdet-dengzou agar buse. BeA % Dlood agar base, T-ig 8 trypbose agars
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TABLE 10

Bummary of the Rosults of Table 9 te Indicate the Rango of the
Heodla Growing the Smallest and Lorgest Fumber of
Organioms and Their Degreo of Growth

Hodium Ho. strains Degrea of Growth
showing growth + = Fe b
CAFETB CAFBTB CAFBTB  CAVB 7B
Lecesovasnensss 2 0 1 1 ¢ . 0 0 0 ©
1T Afecsscesss 5 1 0 3 0 e 0 1 0
BHI + APusseces 7 5 1 o 0 i o 0 0
BHI.useensonnee 9 7 1 i1 ¢ ¢ 0 ¢ 0
Pevoessoreannas 9 T 2 1 0 ¢ ¢ e o
EoBesvascasesss 10 8 1 1 0 ¢ ¢ o 0
BeAgoeveonssees 13 9 A 1 1 0 1 ¢ 0
BeABeevsonsnese 16 2 o 3 ¢ 0 0 ©
BGessvecessnse 18 & 3 6 © 1 ¢ 2 0
BrAeinesssnonas 20 13 2 L 1 O ¢ 0 ©
TehBevavaenssee 2 3 o 6 2 1 1 1 0
DeDsvascsanvssce 25 15 © 6 2 ¢ 9o 1 1
CoCavicnvsonees &5 1 0 o 3 © 6 3

OAFB = Chromogenie scid-fast buoilli (22 strains).
TB = tubersle bacilli (3 streins).
L = Loeffler. I~T Ag = liver tryptose agar. BEI + AV = brain
heart infusion + human ascitio fluid. BHI = brain heart
infusion. T = thioglycollete. BeB = extract broth.
BeAg = blood agar. E-Ag = extract agar. BeG = Bordet~Gengou
ager bage, DB-A = blood agar base. T=Ag = tryptose Rgar.,
D=D = Dubgs-Dabis. O-0 = Corper-Cohn
Symbols + to 444+ ropresent final degree of growth after & weeks at 37 6.



TABLE 11

Sumary of the Results of Teble 9 to Indicate the Bunge
of the Organdsms Growing on tho Smallest and Largest
Bumbar of Medis and Their Degree of Growth

Yo. Media
Strain Showing Growth Degree of Growth

+* Yo A4+ el

W 2 0 1 L6}
6288 ﬁ b} 2 0 1

87 L 1 2 0 i

786 5 5 0 0 9

83 5 3 1 0 1
98717 5 by 1 0 L8
B8 5 4 0 Q 1

w2 5 2 i 0 2

W-1 & 3 2 1 0

S-1 6 3 2 0 1

w3 7 5 0 4] 2

§ W2 g 7 ) o 1
o Me1 8 6 i 0 1l
509 8 ] 2 0 1

S0 8 5 2 (1] i

886 9 6 2 o 1

=iy 9 7 0 2 ]

8-10 10 8 l 0 1

8«5 10 ¥4 i 0 2

=6 11 | 3 ¢ L

W7 11 5 & 0 o

Heb 13 2 & 2 3

BOG 6 3 2 0 X

m HETRa 6 2 3 0 1
B3 TRv i1 5 2 2 2

CAFB = ohromegenic acldefast baoilli (22 etrains).
B = tuberole beoilli (3 etrains).
Symbols + to ++i+ represent finsl degree of growth after & weeks ot 37 G,
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sontrast o W=3, which grew om only 3. A reverse effect cam be seen with
the brain heart infusion broth ascitie fluid, brain heert infusion broth,
thioglyeollate and extract broth media.

On the whole, the final degree of growth was more luxuriant om the
Corper~-Cohm tham om any of the other media. Uf special interest is the
faot thet the more nutritious media, such as the Loeffler, liver
tryptose agar end braim heart infusion broth aseitic fluid were iaferior
to extract agar,

The most rapidly growing strain was M6 whioch could be first
detested in 5 %o 7 days. The time required for the initiation of growth
smong the other strains varied from 2 to 39 days.

Pigment production was constant on Corper-Cohn, but variable on the
other media, It is interesting to note that although certain streins
- grew very luxuriantly on same of the medis, pigmentation was absent,
These findinge inmdieate that pigment formation, in part, is probebly
dependent upon the nutritional enviromment.

0f further isterest is the fact that the tubercle bacilli are not
a8 restricted inm their growth requirements as is generally believed;
for example, strain BCG grew on tryptese ager im as short a period as
2 days and H3TRv developed on blood agar in 8 days.

The overall pattern im Teble 9 is not necessarily a valid measure
of the growth-supporting qualities of the media for either the chromo-
genio organisms or tubsrcle b_auilli.. It is necessary to consider that
in the above, and all subsequent nutritional studies, a large incoulum
was used (150,000,000 organisms). Subsequent experiemce has showm that
the number of organisms is a limiting factor for growth, and the inoculum

uged im these experiments wes much larger than those employed in eritical
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eveluation studies of culture media (ses Part II),

The data in Teble 9 have been rearrenged in summery form in Teble 10
%o indicate the range of the wmedla growing the smallest and largest
nusbeyr of organisms and thelr degree of growth. It will be noted that
8ll the organisms grew on the Dubow-Davis and Corper-Cohn media, bub
most luxuriently om the latter. ITryptose ager, blood ager base, Bordet-
Gengou sgar bese, extrect agar and blood agar were outstanding among the
remaining media, but did not compare with Corper=Cohn in degree of
growth, Loeffler medium, surprisingly, wans the poorest of all those
tested, and grew only 1 chromogenic organiem and 1 tubercle bacillus.

The ability of the warious strains to adapt themselves te the
different medis is summarized in Table 1l. Strain H-6 was outsbending,
sinee it grew om all 13 of the media, An unexpected result wns that
the B3TRv strein grew on 1l media. BOCG and H3TRa were more selective
in their growth requivrements., The remsining chromogenic basilli varied
considersbly im this respect. From a review of the dets, it cen be
stated that, in general, the chremogenic group of organisms sulturally
resemble the combrol tubercle besilli.

B, Growth of Chromogenic and Saprophytic Acid-fast Organisms and

the Human Virulent Tubercle Basillus on Different ifedia. 7o imvestigate

further the sultural similerity of the chromogenis strains to tuberele

bacilli, s comparison of a selected numbor of theose organisms was again
made with 5 saprophytic strains;l on 9 of the medie used in the previous
experiment. From the date preosested im Table 12 it can be seen that the

saprophytes grew charscteristically en ell the media within 2l to LB

lom Corper«Cohn medium, the M. phlei strains form rough, orange colonies,
while the M. smegmatis and H, butyrioum strains form rough, white to
slightly 3’33.19wi%whito colonies.
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hours., Thelir growth was much more rapid and luxuriant than anmy of the
other organisms, end an additional feature was ocomsistent pellicle forma~
tien in all the ligquid media except Dubos~Davis. A slight pellicle was
formed by only one chromogenic strain (85), The results of pigment pro-
duotion were the seme as in the previous experiment with the exception of
strain 8«9, which this time formed pigment on trypteose agar. The results
in Table 12 again emphasize the faot that the chromogens are distinetive in
their manner, rate and degree of growth from the saprophytes, and im this
respect they resemble the tubercle basilli more than the former group.

€. Effects of Washing en the Growth of Chromogenic and Saprophytie

Acid~fast Orgenisms and the Human Virulent Tubercle Bacillus on Differemt

Hedia. The fast thet so many of the chromogenio organimms and tubercle
bacilli could develop on suoh & variety oi' media was an uwnexpested result.
Theoretically the data oould be explained on the basis that the original
inooulum (0.1 ml.) carried over a sufficient amount of Dubos-Davis medium
to initiate growth. Therefors, it seemed desirsble to rule oub thig
fastor. For thie purpeose the last experiment was repeated in duplicate,
emitting 3 of the saprophytic strains. In the first part, the procedure
was identioal to the one used previously. In the second part, howsver,
the organisme from the Dubos~Davis modium were washed 3 times and

brought basck to the standard turbidity. From the data recorded in

Table 13, it can be seen that washing the organisms did not significantly
alter the results. In faet the Dubos-Davis medium may even have exerted
an inhibitory effect sines strains 8-7 snd 3-9, after being washed, grew
on several of the media whioh previously proved inadequate. This
obgervation was not repeated, since variability may have also been a

faotor.
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TABLE 13

Effects of Washing on the Growth of 7 Acid-fast Organigms on 9 Differeunt
Hledia to Indiconte the Day Growth was Piret Observed, the Degres
of Growth, Pigment end Pellicle Formation

CAFB BAFDE B
Hedium
S=7 8=9 85 -6  M.phlei=b M.smeg-a H3TRv
Linees UNW 0 0 0 844 24444P 1+444P 0
W 4] 4] 4] B4t B+t P LTessap €
Leoewe UW 0 g 5} Tl pETE TS JEEERE 18+
¥ ¢} 0 0 GG R pE = W 18+
BedG.. UW |3+ 0 0 B4 3t Lt 1l
[ 36+ o 0 Te+0 L Tt 12+
Befisoe UW 3] 0 104 B+40 RN 14444 194
W 0 21440 Ly B+40  Ldbrt 1eaas 194+
BEl... U¥ O 15+ 15+ Bk T4+4+4P I++4F 3
W 324 154 1544F  A4ue 14444P 1e444P  Fhe
B=B... UW 0 P 9 e o 14446P TH-e4P 15
W 159+ s=3 O B Bttt P I4ee4P 15
Teig.. UW o 154C Le B4l 1orbe Lombdege 1044
w 1840 2140 btes Bassl  1eess bt 1044
D~Doess UW he Bt B4 2444 Lt 144 Lae
W B Fbrde  Baas L4+ e LR
CeCuue UW Set40  Lasdd  B4440  Baadl  1abael 144440 b
W 644440 Ltisl B0 344440 1obial Lepadl Stre

CAFB = chromegenic scid-fast bacilli.
SAFB = gaprophytic acid-fast becilli,
IB « tubercle bacillus (M. tuberculesis var. hominis),
UW = unweshed organisms.
W = washed organisms,
¢ = media showing chremogenis oolenies.
P = wedia showing pellicle formation; body of medium clear with
varying degrees of growth on bottom of tubs.
? = thioglyoollate. I = Loeffler. BeAg = extract agar. Bel = blood
ager base. BHI = brain hesrt infusion. BE-B = extraot broth.
T-Ag = firyptose agar. D-D = Dubos-Davis. C«C = Corper-Cohn,
Humbers represent the day growth wus first observed,
Symbols + to +++ represent final degree of growth after & weeks at 37 ¢.
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Streptomycin Sensitivity Studies.

A. Streptomyein Sensitivity of Chrowmogenic Acid~fest Organisms and

Fubercle Bacilli in Youmans Ligquid Medium. BSince scme of the atypical

cshromogenic acid-fast bacilll have been considered potentially pathogenio
for man and certain wnimals, and because of their possible gemetie
relationehip to true tubercle baeilli, it sppesred advisable to study
their sensitivity to streptomyecin. The BCG, H3TRa and H37Rv straine
were inoluded for comparison. All culbures at the completion of these
experiments were checked for purity. The results presented in Table 1bL
show that the tuberscle bacilli and all but 5 of the chr@oganiu straing
were inhibited by less than I meg. of streptamycin. Two strains were
sensitive to less than 10 megs. of the antibiotiec, and 3 strains were
resistant to all the consentrations used. It is of interest to point
out that W-7 was isolated from a pationt who died of pulmonary tubere
oulosis and prior to death had received a four months' course of
streptomyoin. It is entirely possible that this organism aequired
resistance ns a result of previous therapy. It was not known if strains
6268 and M-6 had been subjected te ths metion of the antibiotis.

B. Effects of Prolenged Incubation on Streptamyein Sensitivity of

Chromogenie Acid~fast Orgenisms and the Humen Virulemt Tubercle Basillus

in Youmans Liquid Medium. %o determine the effect of prolonged inoube~

tion on streptomyoin sensitivity, 6 of the sultures from the previous
experiment were alleowed to insubate for a total of 12 weeks. These date
are presented inm Table 15. Strains 8«1, 8~2, 5~9 and E37Rv showed soms
degroe of growth om prolonged imesubation whioh wag not menifested at the
end of the second wesk, but M-2 did not show any ovidence of growth
after the twelfth week. It could not be determined from this experiment
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TABLE 1l

Streptomyoin Sensitivity of 27 Acid-fast Organisms
in Youmans Liquid Medium

Concentration of Streptemyein - Mogs./ml.
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TABLE 15

The Effect of Prolonged Incubation on Streptomyein Semsitivity
of 6 Acidefaust Organisms in Youmans Liquid Medium

Btrain !’7&1. Period of Time in Weoks
8/ml.
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whether the strephomycin wee bactericidal or merely basteriestatie,
although the appsarsmce of growth after prolonged inoubation was svidence

of the letter effect.
¢. Determination of Visbility of Chromogenio Acid~fast Organisms

and the Human Virulent Tubercle Bacilius Following Exposure to Btrepto~

myoin. To determine whether streptemycin was bacteriostatic or basteri~
0idal, end to ascertain the extent of injury to several of the organisms
after prolonged expesure (12 weeks) to the extibiotic, the following
experiment was dome. All the tubes sontaining strains ¥-2, k-6 end H3TRv
of the previous experiment were centrifuged and the sediments washed

3 times with 0.8% per cenmt sodium chlorids to remove the antibiotie,
after whieh they were suboultured to tubes of Corper~Cohn snd Dubos~Devis
media. The data are shown in Teble 16. fThe H-2 strain, found sensitive
%o less than 1 mog. of streptomycin in the previous experiment, grow
luxurisntly in both medie. Development was delayed for two weeks
sompared with the control, but subsequent growbth was repid and heavy.
The ii~6 strain aleo showed ne ovidemee of serious injury from the antis
blotie, end, after soms preliminary rotardation, mawimum growth wes
reached im both test medis. The results with the H37Rv organism were of
speolal interest, simee the 20 mog. consentration of streptomysin appare
ontly exerted a baotericidal effect, whereas the 10 ammd 1 mog. consen~
tretions showed only n bastericststisc influence, as evidenced by growth
after washing. For some roasom, yot unkmown, this strain recovered mere
rapidly im the Dubog=-Devis than im the Corper-Cohn medium, ¥o attempt
was made Yo induce resistence, nor is it certein whether the organiam
whioh grew onm suboulture after washing was identical with the parent

strain or a resistent varisnt thersof. Additionsl studies will be
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required te sstablish this fact. In any case, it is clear that prolonged
sontact with strepﬁmyeiu in concentrations which are thought Vt.a be
bastericidal may sctually be only becteriestatis.

Animsl Studies.

A, Prelininary Exporiments. 7The preiiminary animal sxperimeunts

wore designed to screen the pathogenic potentialities of the vario<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>