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Introduction

The clidcal manifestations of infection with

Mycobacterium tuberculosls have been described in vague

fashion since the advent of recorded history. Such
references to it may be noted in the Bible and other
literature of even greater antiquity. Mummies unearthed
in the ruins of ancient Egypt have presented patholog-
ical evidence of the ravages of the disease during the
period of that nation's zenith of power. The Middle
Ages saw many welrd remediss advanced for the treatment
of "consumption", practically all of which were detri-

mental to the patient's chances of recovery.

However, desplte the pronounced antiquity of tuber-
culosis, 1t was not until the relatively modern time of
1819 that Laennec (49) described the clinical aspects of
the infection in humans. Villemin, in 1865 {87), pro-
duced tuberculosis in the rabbit by means of injection of
tissue from human tuberculous lungs and thus demonstrated
not only the probable presence of an undiscovered causa-
tive agent, but also 1ts apparent communicability.

The actual discovery of the etlological agent was
made by Koch (46) in 1882, who also proved by a series
of experiments that it galned entry to the body by means

of the naso-respiratory tract. He further demonstrated

(1)



the extreme refractibility of the organism to ordinary
staining techniques and to the then known methods of
cultivation. Ehrlich (27) in 1882, was the first to

note the unique acid-fast character of M. tuberculosis.

His observations led him to propose a staining method
of 1dentification which was subsequently modifled by
Ziehl (93) and later by Neslsen (63).

This acld=-fast property 1s also common to the other

members of the genus Mycobacterium, which includes many

other species, the majority of which are non-pathogenic
soll organisms, Sowme authorities have expressed the be-
lief that at an early perlod of animal inhabitancy of the
earth, one or several of these saprophytes galned entry
into the body of hosts and through mutation and adapta-
tion became pathogenic. Jensen (43) presents an ex-
cellent review of the indications in favor of such adjust-
ment by these bacteria., Their function in soll is some-
what superfluous economlcally since the bsest known forms
sesm to be primarlly concerned with decomposition of
hydrocarbons, a process, which for the most part, 1s not
lmportant 1n ordinary agriculturél solls.

I The Necessity of Cultural Examination for M.
tuberculosis in Diagnostic Bacteriology

In the immediate period following the acceptance of

the tubercle bacillus as the causative agent of tubercu-
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losis, medlcal science was to a great extent depsndent
upon microscopic examination of sputa or other pathologi-
cal body fluids for the presence of thlis organism as a
means of dlagnosis. The adaptation of chest x-ray fllms
in the years following 1907 proved to be a great ald to
detectling the insidious presence of this invader before
the dlseass had progressed to the exudltive stage, and
thus made 1t possible to arrest it at a much earlier

time when cure was relatively simpler (4).

However, it has besen repeatedly observed that in
numerous instances the radiologlist has been unable to
detect tuberculous infection long after the bacilll are
present in the sputa (59). Also there are many cases
wherein the questionable evidence of disease 1s pressent,
but apparently not to the polnt of cavitation, when
actually such lesions have been formed but are masked by

other anatomical structures.

Therefore, it 1s still essentlal that the radiographic
diagnosis be supplemented by several laboratory examin-
ations. Likewise In the control and arresting of tuber-
culosis, these laboratory findings prove valuable 1in
determining the lessening or increasing of the organism's

ascendancy over bodlly defenses.,

Microscopic examinations of stalned smears of sputa

or other flulds during such perlods of the dlsease are
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laborious and require the expenditure of a great deal of
time 1In order to be reliasble. Smears must be carefully
made, properly stained, and observed through the micro-
scope for a conslderable length of time. Various concen-
tration methods have proved to be an improvement over the
direct smear technique, but nevertheless a large amount of

sputa must often be studled to find a single acid-fast rod.

There has been in the past a great deal of controversy
as to the actual location of the majority of tubercle bac-
1111 in sputa, It is the contsntion of some investigators
that the direct smear willl often detect these organisms
present i1n the surface film while the sediment, upon con-
centration, will prove to be devoid of them. Because of
this, concentration methods have besen developed which are
designed to recover all the material present in the sur-
face film as well as the sediment, through use of flota-

tion techniques.

In many instances the sputum specimen itself will
prove to be extremely mucoid, thus making it much more
difficult to prepare repressentative smears. Some chem-
icals used for digestion of sputa have been shown to
exert a detrimental effect on the acid-fast nature of
the tubercle bacillus, while other agents act to pre-
cipitate certain constituents, consequently decreasing

the accuracy of the slide examination.
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During perlods of hemoptysis the presence of M.

tubsrculosis will often be masked by the predominance of

erythrocytes in the sputum smears, making it impossidle
to detsrmine the extent of infectlon.

Another obstacle far too prevalent in clinical lab-
oratory examinations for tubercle bacilll is improper
staining technique. Precipitated stain or luproper de-
colorization can often lead to many errors of varied
nature,

In the actual microscopic examination of smears,
several pitfalls exist. The presence of artifacts may
mislead the inexperienced laboratorian into mistaking
them for tubercle bacllli., Likewlse scratches in old
slides will often simulate acid-fast rods due to the
failure of acid alcohol to penetrate into thelr recesses
and remove the retained stain.(73). Also it is possible
for tubercle bacilll to be rubbed off highly positive
slides and become lodged within the film of o0il covering
the immersion objective unless care is taken to wipe ths
latter following examination of each slide. Spores, many
of which aré acld-fast, will sometimes appear remarkably
like a rod when they are grouped together in the presence
of other organisms and cellular debris, Even the most
experienced observer may some times mistake species of
mycobacteria for the tubercle bacillus, since they often

bear a very close morphological resemblance. Special
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staining technigues for differentiation cannot be relied

upon to rule out these saprophytes in most instances.

Finally there exists the ever-present factor of chance
in slide examination. When but 1 or 2 acid-fast rods are
present in a smear, 1t is very improbable the microscopist
will discover them unless he happens, by chance, to obssrve
the fields in which they are present. Corper has estimat-
ed that there must be approximately 100,000 organisms per
ml, of sputum present before the probabllity of finding
them in smears becomes significantly large (11). To some
extent this is very likely due to loss of acid-fastness
of the organisms present as the result of physical trauma,

dissoclation and/or senility (92).

Inoculation of guinea pigs with pathological material
is advantageous in diagnosis of tuberculosis since 1t offers
a means of determining the pathogenicity and virulence of
the organism, as well as indicating the presence of tuber-
cle bacilli when they occur in numbers so small that it 1is

almost impossible to detect them microscopically.

However, this method is slow. MNost laboratories allow
a period of 4 to 8 weeks before killing one of these ani-

mals for histological studies.
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Disadvantageous also is the expenditure of the time
and labor inoculating, grossly examining for lesions, per-
forming tuberculin tests, and preparing tissue sections

for histological examlnation.

The guinea pig is unfortunately extremely susceptible
to respiratory and intestinal epidemics, One such infec-
tion will often wipe out an entire colony in a matter of

hours, thus destroying valueble clinical data.

Therefore, for the reasons listed above as well as
several others, it 1s evident that nelther the microscopic
8lide examination nor the guinea pig inoculation 1s very
satisfactory when used alone as a means of detecting M.

tuberculosis in pathological body fluids. The advantages

of a satisfactory cultural method are numerous: Differen-

tiatlon of the tubercle baclllus from other Mycobacteria

may be mede through colony morphology in many instances.
Non-stainlng bacilli will frequently proliferate upon a
sultable medium, and specimens containing but one or two
of these organisms may glve positive cultures. Although
they may be masked dby vast amounts of blood, growth will
be initiated. A reliable medium which would give rapld
cultural results would also reduce the time expended in
slide examination. The errors inherent in the latter
technique would be eliminated and the factor of chance

reduced., Likewlse, a great deal of time would be consserved

(7)



1f the routine inoculation of guinea plgs could bhe

rendered unnecessary in this fashilon.

In an endeavor to achieve more satisfactory cultur-

al techniques for the isolation of M. tuberculosis, the

writer has studied and extensively modified media and
digestive agents which may be used in the cultivation of
this microorganism. This paper i1s concerned with one
phase of this work--the experimental 1nvesfigation of
means of removing or retarding contaminants which over-
grow culture medla or otherwise restrict the value of

cultural methods.

(8)
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The Evolution of Inhibitory Agents in Cultured
Medie and Digestion Techniques for the
Isolation of M. tuberculosis--
their Inadequacies

The cultural methods and medla in use at present fall
short of the ideal goals as presented. Tubercle bacilli
have been recognized as being difficult to cultivate since
their discovery and original cultivation by Koch. Inso-
lation and identification of this organism were hindered
until quite recently by the 1nability of investigators to

develop media which would grow it more rapidly.

For his first isolation Koch utilized bovine blood
serum, coagulated by inspissation. He found that it re-
quired 4 to 8 weeks for colony formation upon this medium.
He solved the problem of dehydration because of this pro-
longed incubation by sealing the cotton plugs of the
tubed slants with paraffin, For removal of other organ-
isms present in sputum specimens, this ploneer recommend-
ed concentration and digestion with 4 percent sodium
hydroxide, since he had observed that tubercle bacilli
appeared to tolerate quite alkaline environments if they
were not exposed for a prolonged period. Twelve to 24
tubes were inoculated to insure obtaining slants which
were not contaminated or overgrown with saprophytes

present in the specimens.

Immediately following Koch's successful cultivation

(9)



of thess organisms, other investigators attacked the
problem of 1solating tubercle bacilli from sputa while
still retarding the growth of contaminants. Nocard and
Roux (64), Smith (78), Raskin (75), Proskauer and Beck
(74), wurtz (90), Dorset (21), Phisalix (71), Lubenau

(54), and Hesse (36), all subsequently formulated cultur-

al media for the cultivation of M. tuberculosis. Although
this organism could be successfully cultivated on all of
these media, some difficulty was experienced in primary
1solation from sputa even when 4 percent sodium hydroxids
was used as an inhibitory agent for saprophytic bacteria.
In spite of this treatment, contaminants often overgrew
the medium, or, in other instances, microscoplically posi-
tive sputa falled to yleld positive cultures., It was be-
lieved by many investigators that sufficient exposure to
the harsh alkaline effects of sodium hydroxide to destroy
the saprophytes often detrimentally affected the tubercle
bacillus to the extent that it was unable to resume multi-

plication in the artificial environment of the medium (7).

The introduction of "Antiformin" by Uhlenhuth and co-
workers (86, 28) represented a substantial improvement in
the search for an agent which would digest the mucoid por-
tions of sputa and also act to inhibit the growth of un-
wanted organisms. A commercial product of varylng compo-

sition consisting for the most part of sodium hypochlorite,
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"Antiformin" breaks down the undesired tissue and cellular
debris as well as destroying the majority of bacteria, but
does not disturb too seriously the morphology of acid-fast
organisms. Thus 1t was frequently used exclusively in di-
gestlon and concentration of sputum specimens for micro-
scopic examination without an sttempt at cultivation of
tubercle bacilli which may have been present in the speci-
mens being made. In such instances it was highly satis-
factory, compared to the relatively slow digestion of
extraneous material encountered with the 4 percent sodium

hydroxide.

Griffith (4), experimenting with "Antiformin", found
a time period at which uncontaminated éultures of tubercle
bacllli could be obtained without destroying all the viable
tubercle bacilli. Studles by Patterson (8) and by Brown
and Smith (9) indicated that it was considerably less
toxlc to the tubercle bacillus than the high alkalinity
of sodium hydroxide. It was recognized, however, that
this agent still left much to be deslired when utillzed
in cultural work. Smith (80) demonstrated that it re-
quired at least 1500 times as many tubercle bacilli to
gseed the then known artificial media after these organisms
had been exposed to antiformin as it did to infect a

guinea pig with untreated bacilli.

The literature indicates that much of the sodium

hypochlorite contained in commercial "Antiformin" is
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susceptible to detserioration. Thus the solutlion may lose
over 50 per cent of its actlivity within 1 year (84).
"Antiformin™ can, however, be tested for activity by a
simple method which ylelds a close approximation both of
the amount of sodium hypochlorite and of available chlo-
rine (6). In routine cultural examinations by digestion
and concentration methods where specific amounts of "Anti-
formin" should be employed, frequent standardization of

this reagent i1is imperative,

Several investigators, aware of these limitations of
antiformin, added various so-called stabilizing agents (10),
and experimented with shorter exposure times of sputa to
thls digesting agent, only to find that these measures
resulted in a marked increase of contaminated culture (8).
Thus it was apparent that some other means of inhibition

of saphrophytes was urgently neseded.

At least a partial answer to the problem was provided
by Petroff's introduction of a medium containing a 1 to
10,000 concentration of gentian violet, in addition to
glycerol, beef, and egg (70). This marked the first pub-
lished utilization of a dye in a medium devoted to the
isolation of tubercle bacilli from pathological material.
Studies conducted by Petroff and his assoclates (71, 90),

and by Corper (13), revealed that a shorter exposure time
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to antiformin was now possible if the resulting digested
meterial were planted on this medium. Other digesting
agents of a less toxic nature could now be feasibly utiliz-

ed with less chance of overgrown culturss.

The extraordlnary resistance of acid-fast bacteria 1in
general to gentlan and crystal violet had been investigat-
ed by Churchman (57). These dyes inhibit the growth of
Gram-positive bacteria, but, although mycobacteria retain
the Gram stéin, most strains will tolerate relatively
large concentrations before their growth is seriously

retarded.

Following the successful utlilizatlion of the Petroff
medium, several workers reported formulation of new cultur-
al medlae contalning gentian violet as an inhibitory agent
(11, s5, 17, 50, 5, 85).

Corper reported that higher percentages of positive
cultures had been obtained using a medium which actually
consisted of Petroff's enriched with peptone. It was sub-
sequently found by Twort (83) to be less toxic to tuberéle
bacilli than was that of Petroff, He attributed this to
the richer content of nitrogenous nutrients available to
the organism which might act to partially overcome the
toxicity of the gentian violet. In the light of recent
discoveries by Dubos and Davis (23) and by Youmans (93) of
the protective effect of bovine serum albumin against agents

which might be toxic to the tubercle bacillus, it is prob-
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able that the added peptone modified the detrimental
effects of this dye on &8ll bacteria cultured with the

medlium.

lieanwhile Petroff (71) and Koch ¢47) had studied the
effect of various other concentrations of sodium hydroxide

as digesting agents,

Numerous other agents for sputum digestion were re-
ported subsequeptly; including the digestive enzymes (30),
pyridine (31), potassium hydroxide (20), sodium carbonate
at moderately elevated temperaéures (34), ammonium hydrox-
ide (8), 3 per cent hydrochloric acid (52), 6 per cent sul-
furic acid (52), sodium hydroxide-alum mixture (35), and
even acetic acld and distilled water. Ih some instances
1t was recommended that digestion be followed by precipi-
tation or flocculation with aluminum, zinc, or iron salts.
Light benzene or gasoline products weré used after hypo-
chlorite digestion to suspend tubercle bacilli in an inter-
mediate surface layer. Likewlise chloroform (51), which
settles to the bottom, was used in an attempt to obtailn
zonal separation. A few of these techniques remain in use
at the present time, but the majority were discarded due
to their complexity or because they were found unsatis-
factory either from the standpoint of toxicity to the tu-
bercle bacillus or since they falled to remove a large

enough amount of contaminants,
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Possibly, also, these methods failed to win wide-
spread acceptance due to the success of Lowenstein's gen-
tian violet medium (53) which was also introduced during
this period (1924). ihen used in conjunction with 3 per
cent hydrochloric acid or 4 per cent sodium hydroxide,
Lowenstein found that this medium gave a conslderably
higher percentage of positive cultures and shortened the

period of colony development for many strains of bacilli.

Shortly thereafter, Petragnani (69) reported regarding
a glycerol-egg medium which contained malachite green as
an inhibitory agent. This dye has been demonstrated to be

considerably less toxic to M. tuberculosis than gentlan

violet, yet it also possesses a strong inhibitory effect

on the ma jority of Gram=-positive organisms, It was some
years following the publication of Petraganl's paper before
his medium became widely known in this country, but at the
present time 1t, along with Lowenstein's (Jensen's Modifi-
cation), 1s probably the mostpopular of those utilized by
clinical laboratories. These are the only media, out of

20 studied, recommended by the American Trudeau Society.

Subsequently, Corper and Uryel in a series of papers
(14, 13, 12, 15) studled the effect of numerous chemical
agents on tubercle bacilli and reported that 5 per cent
oxalic acid appeared to slow the growth of this micro-
orgenism the least. In thelr procedure a volume of the

oxalic acid reagent equal to that of the sputum specimen
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(or sediment resulting from centrifugation) 1s added to
the latter and the resulting mixture is incubated at 37°C
for 30 minutes before inoculation of Corper's egg-yolk
medium, Van Vranken (89) reported that this technique
proved superlior to treatment with oxallc acid and culture
on Petragnani's medium, or to treatment with many of the
previously dlscussed agents and subsequent inoculation

of Corper's and Petragnani's medium. Since the Corper
medium contains no dye, the accelerated and more luxur-
ient growth observed was attributed to lack of dye tox-
icity. Other reports have attested the value of oxalic
acid in sputum digestion, not only from the standpoint of
saprophytic inhibition but also by virtue of its rapid

action in dissolving mucus.

However, as with various concentrations of other
aclids and with sodium hydroxide and "Antiformin", it is
necessary to limit the period of contact of oxalic acid
with a specimen., Van Vranken found that 1f the prepara-
tion incubates over two hours, the specimen is lost, since
all tubercle bacilli are usually either destroyed or in-
hibited. This, obviously, 1s an extreme disadvahtage,
varticularly in public health work where only one sputum

ver patient 1s customarily available.

.

In 1939, "Tergltol" (sodium octyl sulphate) an organic
wetting agent, was Ilntroduced by Petroff and Schain (73).

It was clalmed to possess a more rapld and complete action

(16)



than any other digestant previously utilized. The pro-
cedure, however, repialy underwent changes as it was
studied by other investigators (66). One part of "Tergl-
tol penetrant 08", 1 part of 4 pser cent sodium hydroxide
and 1 part of water was used for a time, but was subse-
quently replaced by equal portions of "Tergitol 08" and
Javelle water. Since the latter solution contains sodium
hypochlorite, i1t was unstable and required frequent pre-
paration. Actually no controlled data have been presented
to substantiate the value of "Tergitol™ in sodium hypo-
chlorite mixtures (42). Gradually its use in digestion
reagents has diminished, so that at present its placs in
clinical laboratories 1s largely as a means of intensify-
ing the Ziehl-Neelsen stalning of smears without use of

heat.

Another commerclal alkaline sodium hypochlorite
solution, "Clorox", was studied by several workers
(63, 18, 83). In this concentration-digestion technique,
5 ml. of "Chlorox" (active ingredient 5.25 per cent sodium
hypochlorite) is added to each of 5=50 ml. screw-capped
tubes containing 5 m. of a single sputum specilmen and the
tube capped and shaken for 5 minutes, It was found that
this reagent 1s satisfactory only for microscopic exam-
ination of concentrate smears, since 1t was shown to be
highly toxic, relatively, to the tubercle bacillus.

"Clorox" successfully eliminates such extraneous material

(17)



as: blood cells, fibrous tissus, and other bacteria

which might intensify the difficulty of detecting acid-
fast bacllll microscopically. If it is allowed to act

on a sputum specimen longer than 2 minutes, attempted
acld-fast staining of any tubercle bacilli present usually
fails (66). It has been clalmed that 15 per cent more
positive results were obtained with this reagent than by

the smear method (66).

Meanwhile, in an effort to produce an effective di-
gesting agent which kills or inhibits contaminating miao-
organisms with relatively little effect on the acid-fast
bacilli, Corper and Stoner (16) reported great success
with trisodium phosphate (Naz.P0O4.12Hg0). These investi-
gators stated that a 23 per cent solution added in equal
volume to sputum specimens could remain in contact for as
long as 7 days at room temperature without perceivable
harm to the viability of any tubercle bacilll present,
and this amount and time, in most cases, destroyed all
potential contaminants contained in the specimens. Thus
the danger of loss of 1ndividual specimens 1s eliminated,
since sufficient time 1s allowed to render unnecessary
the usual cautious watch period necessitated by all re-
agents previously described where neutrallzation must be

performed within 1/2 to 2 hours at least,

Corper and Stoner recommended that the equal volume

of 23 per cent trisodium phosphate solution and the sputum

(18)



specimen be incubated for 24 hours at 37°C, before centri-
fugation of the mixture and fnoculation of a culture medium
with the sediment. Van Vranken (89) found this technique
to be superior to those previously described for the des-
truction of contaminants, while ylelding relatively high
percentage of positive cultures. Tarshus and Lewis (83),
who added a period of agitgtion of the reagent-sputum mix-
ture before incubation, also reported a greater number of
positive cultures using this technique, and confirmed
Corper's claim that neutralization of the digested speci-

men 1is unnecessary before seeding cultures.

However, subsequent papers by other workers have ex-
pressed varying opinions 1n regard to the value of the
trisodium phosphate technique. Mitchell and Jeffries (60),
following Corper's suggestion, placed the reagent in the
receptacles used for collecting the pathological specimens.
They reported that this prevents further development of
molds and contaminants, so that when the specimen was de-
livered to the laboratory a day of incubation at 37°C.
destroyed the remaining viable contaminating microorgan-
i1sms, This method was also used by workers at the Florida
State Health Department Laboratory (44), where it was found
that the extra day of im¢wubation following recelpt of the
specimen was usually unnecessary, and that a greater number
of positive cultures were obtained than with 4 per cent

sodium hydroxide digestion.
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In a study of the most commonly used digestive
agents, Spendlove, Cummings, and Patnode (78) concluded
that sodium hydroxide and trisodium phosphate are most

sul table,

On the othsr hand, Beattie (7) stated that the latter
reagent may adversely affect growth of tubercle bacilli.
liullahy (62) observed 1n a study with trisodium phosphate
that nearly twice the number of contaminated cultures
resulted with this method than was obtalned with the 4
per cent sodium hydroxide solution, but reported that the
former 1s superior 1in securing positive results by smear
from concentrated specimens. Hunter (40) also observed
greater contamination with trisodium phosphate digestion
than with sodium hydroxide, but to a much lesser extent,
In addition, he found that the former reagent ylelded a

significantly larger number of positive cultures.

Kurung (48) reported that trisodium phosphate, along
with the majority of other digestion reagents, lacked the
ability to inhibit most varieties of fungl common to ths
resplratory system and oral cavities of many long-term

chronic tuberculosis patients.

These and further studies of digestion-concentration
solutions were stimulated by the promise of more rapid

cultivation of M. tuberculosis offered through the announce-

ment by Dubos of a liquid synthetic medium contalining a

polyoxyalkylene derivative of sorbitan monostearate

(20)



"ween 60") in which he obtained rapid and submerged

growth of the H37Rv strain of this organism. Subsequent-
ly Dubos and Davis (22) described a ligquid medium- includ-
ing a polyoxyethylene ester of oleic acild ("Twesn B80") as
wetting agent, and bovine serum albumin , fraction V ag
enrichment and protective agent agalnst substances.toxic

to the tubercle bacillus. Foley (29) reported that use

of this medium in dilasgnostic work had made possible iso-
lation of human strains from pathological material, follow-
ing 4 per cent sodium hydroxide treatment, in an average of
6 days, with 88 per cent correlation with guinea pig in-

oculation.

Dubos and Davis (24), however, after using it to cultivate
tubercie bacilli from sodium hydroxidse-treeted sputa, cau-
tioned against use of tie medlium in routine dlagnostlc work,
due to frequent contamination.

Dubos and Middlebrook (23) introduced a solid form of
this medium containing an olelic acid-albumin complex which
elininated the toxicity of "Tween 80". Although growth of

M. tuberculosls on this medlum was somewhat slower than

with the 1liquid form, Goldle (32) reportsad successful 1iso-
lation of this organism from sputa treated with ammdnium
carbonate and penicillin. liddlebrook (59) obtained micro-
scopic growth on the solid medium, using penlcillin as an
inhibltory ingredient, in an average of 13 days. Subse-
quently he recommendsd only the solid Dubos medium for

diagnostic work.
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Mollov, Hill, and Oshinsky, (61) successfully util-
1zed the 1liquid form to 1solate tubsercle bacilli from
pathologlcal material. They treated sputa with warm 4 psr
cent sodium hydroxide (temperaturs not speclfied) in quan-
tities equal to the volume of each spsclmen, and agitated
the resulting mixture in a shaking machine for 10 minutes
before concentration by centrifugation. Fifty units of
penicillin was added to each 10 ml., of the medium as a
further protection against contamination. These workers
reported some difficulty in determination of growth in the
medium in the presence of cloudy or granular inoculum, and
thus recommended its use primarily in laboratories wherse
only a few cultures for tubercle bacilll are made, sincs,
frequent smears of the liquid are essential to confirm

multiplication of these microorganisms.

Numerous reports on the growth of mycobacteria in the
presence of penicillin (3, 76, 81) have stimulated wide
utilization of it as a selective inhibitory agent in vari-
ous culture media. Abbott (1) found it effective in this
respect when incorporated into Lowenstein-=Jdsnssen medium in
a concentration of 100 units per ml. He reported a marked
reduction in the total number of contaminated cultures by
alpha, beta, and non-hemolytic streptococci, as wsll as by
Gram-positive bacilli. Sula (82) claimed penicillin to be

superior to malachite gresn as an inhibitor of contamination
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in 1liquld media due to less toxicity for the tubercle
bacillus. Unger and Muggleton (87) observed that peni-
cillin in Jow concentrations stimulates the growth of this
organism, Pramer and Heukelekian (74) added 5 units of
penicillin per ml. of solidified Dubos medium in a study

of survival of tubsrcle bacilli following sewage treatment.

However, McCulloch (57) had noted that the presence of
wetting agents in a liquid suspension of tubercle bacilli
caused these organisms to be much more susceptible to vari-
ous disinfectants. Youmans and Youmans (93) subsequently
warned agalnst the use of antiblotlics in culture media con-
talning the wetting agent, "Tween 80", since the dispersive
effect of the latter permits a more intimate contact be-
tween the antiblotic and the surface of the bacterial cell.
Other investigators concurred with this observation (2, 41,
19). It was claimed that partial 1lysis of M. tuberculosis

occurs in Dubos medium In the presence of high concentra-

tions of penicillin (45).

I Advantages and Inadequacles of Contemporary
Digestants

Thus, the advantages and inadequacies of current con-
centration-digestion techniques and inhibltory agents can

be sumnmarized as follows:

1. Various concentrations of sodium hydroxide are
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relatively rapid in their digestive action, However, the
period of activity must be carefully controlled, since the
high alkalinity of sodium hydroxide will detrimentally
affect the tubercle bacillus.

2. Antiformin is rapid and efficient in destroying
not only contamlnants, but also extraneous material
present in the sputum specimen, It has been shown to be

more toxic to M. tubsrculosis than sodium hydroxide. It

deteriorates raplidly, and thus must be standardized fre-

aently.

3. Crystal violet added to a medium in suitable con-
centrations, exhiblts a selective bacteriostasis of nearly
all Gram-positive bacteria excepting the tubercle bacillus.
It, too, 1s somewhat toxic to the metabolism of the latter

microorganism,

4, Hydrochloric acid, sulfuric acid, potassium hy-
droxide, and sodium carbonate are rapid and efficient
but they must be precisely timed, and properly neutral-
ized. Their toxicity 1s also relatively great.

5. Flocculation and emulsifying techniques are
complex and time consuming, and their value has never

been fully substantiated.

6. Malachite green is probably the least toxic to
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tubercle bacilli of the selective dyes, yet it exerts

some 1nhibitory action upon their multiplication,

7. Oxalic acld in a concentration of 5 per cent
efficiently removes contaminants with 1little effect on

M, tuberculosis, but 1ts period of action must also be

carefully 1limited and neutralization before culture is

essential,

8. "Terglitol™" and "Clorox" are satisfactory only for
concentration preliminary to oreparation of smears, since

they are too toxic to permit subsequently reliable cultures,

9., Twenty-three per cent trisodium phosphate may re-
main in contact with the tubercle bacillus for up to seven
days without ssrious toxicity belng manufested. Neutrali-
zatlion i1s unnecessary. It may be added to sputum recep-
tacles before use to speed dlgestion. However it has not
proved very effective 1In the destruction of saprophytes
when used by sevaral investigators. It does not 1nhibit
fungl, and one worker has expressed the belief that it
adversely affects multiplication of tubsrcle bacilli.

10, Penicillin has been shown to be an excellent
inhibitor of contamination when present in suitable con-
centrations in culture media., Unfortunately, in the
presence of wetting agents which accelerate the growth of
tubercle bacilli through dispersal, 1t 1s markedly bac-

teriocidal for this microorganism.
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Experimental

I Use and Comparative Study of Sodium Hydroxide
and Other Chemical Agents as
Digestants of Sputa
During the course of investigating the possibility of
combining the attributes of Dubos' media (liquid and solid)
with those of a liquid medium developed some years previous-
ly by Mallmann (56), 1t was noted that the resulting modi-

ficatlons were seriously hampered in the 1solation of M.

tuberculosis, when sputa of tuberculosis patients were

cultured, by the problem of contamination resulting from
multiplication of the normal oral bacterlal flora. It was
therefore concluded that before these media could be util-
ized clinically, it would be necessary either to treat
gsputa chemically or to introduce into the medium some in-
hibiting ingredient which would prevent development of

these contaminants,

Since much of this preliminary study was performed in
the laboratories of the Calhoun County Health Department
where 6 per cent sodium hydroxide was in routine use before
concentrates were inoculated on Petragnani slants, this

technique was edopted.

However, 1t soon became evident that several factors
were responsible for the wide variation in the growth-times

of different strains of tubercle bacilli isolated from sputa,
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Thus an attempt was made to standardize all conditions
under which the experimental work was done, including the

digestion-concentration process.

Further, 1t was believed that the relatively long
growth perlod of freshly isolated tubercle bacilli on ex-
perimental media compared with that of small inocula of
stock strains was due to toxlcity of the sodium hydroxide
digestant. Thersefore a comparative study of sodium hy-
droxide in concentrations of 6 and 4 per cent, 5 per cent
oxalic acid, "Antiformin", and 5 per cent potassium hy-

droxlde was made.
A, Materlals and Methods

The technlique followed at the Calhoun: County Health
Department was to permit spoptaneous digestion of the sputum
specimen (customarily a seven-day pool) for from 1 to 8
days. A direct smear was made in the meantime and examlned.
Then the sputum was centrifuged at 2500 r.,p.m. for 10 min-
utes to obtalin a concentrated sediment, and smears for
microscopic examination were prepared from 1t, The remain-
Ing sediment was then diluted with an equal volume of 6
per cent sodium hydroxide, and the mixture stirred. At
intervals of 10, 20, and 30 minutes after this dilution, a
tube of medium was inoculated with 6 loopfuls of the

mixture.
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A simlilar procedure was followed with 4 per cent sodium
hydroxide, excepting that the intervals of treatment prior
to inoculation of the medium were extended to 20, 30, and

50 minutes,

with "Antiformin®, approximately 20 ml, of the sputum
was mixed with 15 ml. of this reagent and 65 ml of distill-
ed water. The resulting mixture was incubated at room
temperature for one hour, following which it was centri-
fuged at 2500 r.p.m. for 10 minutes. The sediment was
washed 3 times with physiological saline. A portion of it
was then used for preparation of smears, following which
6 loopfuls of the remainder were used to seed each tube

of cultural medium.

Oxalic acid in a concentration of 5 per cent was added
in equal volume to the sputum specimen and the contalner
was incubated at 370C, for 30 minutes. The liquid was then
diluted with 10 ml.'of 0.01 N sodium hydroxide and centri-
fuged. The sediment was used for preparation of smears,
then 6 loopfuls of it were introduced into each tube of

medium,

The 5 per cent sodium hydroxide reagent was utilized
in exactly the same fashion as was the 6 per cent sodium

hydroxidse.

Twenty sputum speclmens were obtained from patients
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at the Arthur S, Kimball Sanatorium and pooled. The
homogeneous pooled specimen was then divided into 20
equal portions. Patients were selected whose sputa had
besen negative culturally for at least 6 months, and whose
radiographlc history indicated that they were nearly
arrextqd cases. Each of the 20 resulting specimens were
sesded with an aporoximately uniform amount of tubsrcle
bacilli from 1 pure culture and then divided into 5 equal

portions for treatment with the various reagents.

All cultures were incubated at 37°C., for a total of
6 wseks. The media used in this comparative study wers
Petragnani 's, and liquid and solid experimental prepar-
ations, media I, II, and III, respectively (appendix).
Three tubss of each medium were lnoculated from each
sputum specimen. The cultures were examined micro-
scopically frequently, and if growth was detected smears
were prepared of the colonies and stalned with the Ziehl-

Neelsen technique for microscopic examination.
‘B. Results

It was found that 6 per cent sodium hydroxide treat-
ed specimens were largely free of contamination when cul-
tured. In the few ilnstances in which contamlnants were
found, the microorganisms responsible were found to be
molds or extremely active proteolytic-type bacteria which
partially liquified the medium,
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The potassium hydroxide treatment yielded a slightly
greater degree of saprophytic growth, as did 4 per cant
sodium hydroxide digestion. The contaminants present ware

wldely varied in specles and nature.

On the other hand, the oxalic acid reagent permitted
frequent saprophytic overgrowth of the liquid and solid
experimental media which, unlike Petragnani's contalned no

selective inhibitary ingredients. In these instances it

was Impossible to detect the presence of M. tuberculosis

by smear from the cultures.

"Antiformin", however, proved to be the most efficient
in destroying contaminants. Only 4 tubes of media ylelded

saprophytic organisms, three of these belng liquid medla.

From the standpoint of recovery of Ii. tuberculosis, 1t.

was found that 4 per cent sodiwn hydroxide treatment gave
the largest number of positive cultures, with 5 per cent
potassium hydroxide digestion ylelding a slightly smaller
number. The 6 per cent sodium hydroxide reagent was next
in efficlency in this respect, with 5 per cent oxallc acid
treatment producing a relatively poor yield of tubercle
bacllli, probably due to the excessive saprophytic growth

encountered.

The "Antiformin" technique, howesver, apparently des-
troyed most of the viable tubercls bacilll along with the

contuniinants, since only 8 tubes of this liquid medium
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contained these microorganlisms at the conclusion of the

6 wesks incubation perilod.

An analysis of the relative time required for develop-
ment of macroscopic colonies on the various media utilized
reveals that most rapld growth was obtained with oxalic
acid digestion. Potassium hydroxide treatment was second
in this respect, with 4 per cent sodium hydroxide, €6 per
cent sodium hydroxide, and "Antiformin" third, fourth,
and last, rocpectively. The latter reagent was extremely
poor from this standpoint, as 38 days were rsquired for
cdlony development in the liquid medium, compared to 29
days for € per cent sodlum hydroxide and 14 days for

oxalic acid digestion.

Detailed results of this study are presented in

Table 1;
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IT Determination of the Relative Efficiency of
Trisodium Phosphate Digestion as Contrasted
with Other Agents
Van Vranken's report regarding the superiority of
23 per cent trisodium phosphate ovsr any of the other
digestive agents which she studied, served to vastly in-
crease 1ts popularity and bring it to the attention of
many investigators. Prior to this time, use of it as a
digestant was almost unknown in hospital and public
health lsboratories, although Corper's introduction of

i1t predated Van Vranken's rsport by nearly two years.

Since sodium hydroxide, as well as the other reagents
previously studied had proved far from idesal, & compara-
tive survey of the efficiency of trisodium phosphate, to
4 to 6 per cent sodium hydroxide, 5 per cent oxalic acid,

and 5 per cent potassium hydroxide was undertaken.
A, laterisals and Mathods

Trisodium phosphate (NazP04.12 HZO) was prepared in
a concentrstion of 23 per cent by weight (equivsalent to
10 per cent anhydrous salt). One portion of this solution
was utilized without further alteration as a digesting
agent, while to another portion, 3 per cent by weight of
"Triton X-100"(an alkylated aryl-poly-ethsr alcohol of
high molecular weight which 1s a non-ionic surface active
agent, compatible with alkaline conditions--manufactured

by Rohm and Faas, Philsdelphia, Pa,) was added. The pur-

(32)



pose of this addl tion was to endeavor to more rapidly
eliminate contaminants in sputa sediments by reducing the
thickness of the mucoid film found in many specimens which

envelopes and serves to protect these undesirable bacterisa.

It was realized that prolonged exposure of the tuber-
cle bacillus to a powerful wetting agent such as "Triton
X-100" would be detrimental, as indicated by the work of
Youmans and Youmens which was previously reviewed. How-
ever, by conducting a timed study of the digestlion process,
it was hoped that an average perliod of time could be ascer-
tained during which destruction of saprophytes would at
least partially disperse the latter bacteria so that more
ravid growth would result upon inoculation of media with

the dlgested sediment.

The 23 per cent trisodium phosphate and the tri-
sodium phosphate--"Triton X-100" reagents were utilized in
identical fashion: Equal volumes of the sputum sediment

and the digestant were mixed and incubated at 37°C,

Treatment of sputum specimens with 4 and 6 per cent
sodiumn hydroxide, 5 per cent oxalic acid, and 5 per cent
potassium hydroxide was performed in the same manner as

in the previous experimental study.

At intervals of 0.16, 0.34, 0.50, 1.5, 2.5, 6.0, 12,

24, and 26 hours following the start of the respective
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treatments, ons tube each of Petragnani's, and the 1iquid
and solild expsrimental media were inoculated with 6 loop-

fuls of the digesting sediment,

Seeded, poolsd, and subsequently divided sputum
gpecimens were again utilized as in the previous experi-

mental study of digestive agents,

All cultures wers incubatsd at 37°C, The media were
contalnsd In screw-capped culture tubes., Cultures wsre
examined frequently for macroscopic evidence of growth.
All apparent colonies wsre checked microscopically. Tubes
of liquid medium were slanted during incubation, since
praevious cultural studles had indicated that more rapid
and luxurlant growth 1s obtained under this condiltion.
These tubes wsre also shaken frequently to aserate the

medium,
B, Results

Twenty-three per cent trisodium phosphate treatment
partially destroyed saprophytes in 24 hours, as evidanced
by uncontaminated tubes of solid experimental and Petrag-
nani media whilch were inoculated after this period of
digestion. However, the liquid medium planted at this
time was contaminated. Twenty-six hour treatment appar-
ently destroyed all contaminants, since all 3 media pro-

duced pure cultures of M. tuberculosis.
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The trisodium phosphate--"Triton X-100" reagent
oliminatead saprophytes sufficlently in 6 hours at 37°¢.
to produce uncontaminated Pstragnani and solid media.
Complete inhiblition was not recorded until after 12 hours

treatment.

Sodium hydroxlde in a concentration of 6 per cent
vartially rsmoved contaminants in 0,50 hours and complete-
ly in 1.5 hours. The 4 ver cent concentration of this re-
agent completely destroysd extraneous bacteria 1n 1.5

hours, with no partial destruction evidenced.

Oxalic acid treatment brought ebout partial in 1.5
and complete destruction in 2.5 hours, while 5 per cent
potassium hydroxide produced the same effects in 2.5 and

6.0 hours rsspectively.

Trisodium phosphate reagent treatmsent for 24 hours
yielded growth of tubercle bacilli in the liquid medium
in 12 days, trisodium phosphate phosphate--"Triton X-100"
for 6 hours in 11 days, 6 per cent sodium hydroxide for
0.5 hours in 20, 4 per cent sodium hydroxide for 1.5 hours
in 16, oxalic acid for 1,5 hours in 18, and potassium hy-

droxlde for 2.5 hours produce growth in 18 days.

A complete summary of the findings of this study is

to be found in Table 2.
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III Utilization of Trisodium Phosphats in Culture
of Routine Sputum Specimens

For a period of 4 months, all routine sputum specl-
mens from patlents at the A, S. Kimball Sanatorium, as
well as those coming into the laboratory at that institu-
tion from out-patients, was divided into 2 portions. One
of these was digested with 23 per cent trisodlum phosphate
for 24 hours, while the othsr was treated with the tri-
sodium phosphate--"Triton X-100" reagent for 12 hours at
this temperature. Total of 345 specimens were handled
in this manner. All were cultured on Petragnani and the
experimental solid media (3 tubes of each for each speci-
men). Of these, 126 were positive for tubercle bacilli
following trisodium phosphate digzestion, while 144 were

positive after the comblnation reagent treatment.

In relation to amount of contamination, 1t was noted
at the conclusion of the period that neither digestant
proved effective in inhibiting the growth of certaln fungil
which are present either in a parasitic or saprophtic
state in the oral and respiratory tracts of many tubercu-
lous individuals., Some of these contaminants may also
possibly enter the sputum specimens at intervals when the
patient has removed the top of the container, Since the
above sputa were, for the most part, collected over a

period of seven days, these molds had ample opportunity
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to enter in this fashion and even, in some instances, to

multiply within the specimen.

Twenty-thres per cent trisodium phosphats with 0.1
per cent by weight "Tween 80" added was also used experi-
mentally as a digestant during thls period. A comparative
study with the trisodium phosﬁhate--"Triton X-100" reagent
indicated, however, that a greater toxicity to ths tubsercle
bacillus was occasioned, since a much lower number of cul-

tures of sputa with the former were positivse.

Slower and more sparse growth of positive cultures
was also noted. At the same time, contamination by vari-
ous microorganisms was greater, particularly on the solid

exverimental medium,

Experiments were conducted also in the addition of
various reagents in 5 ml, quantities to sputum jJars be-
fore submitting them to seanatorium patients for collection
of specimens. Twenty-three per cent trisodium phosphats,
trisodium phosphate--"Triton X-100", and trisodium phos-

pha'te~-"Tween 80" were utilized in this fashion.

Upon receipt of the sputum specimens in the labora-
tory, they were immediately placed in a 37°C. incubator.
Jars containing trisodium phosphate were incubated for 6
hours, trisodium phosphate--"Triton X-100" for 4, and tri-

sodium phosphate--"Tween 80" for 8 hours.
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It was found that the trisodium phosphate--"Triton
X=-100" digestant procedure was very successful in digest-
ing the mucoid substance of the sputa and destroying con-
taminants when incubated for 4 hours. A longer incubation
time, however, was responsible for several negative cultures
from specimens which were positive microscopically by con-
centrate smear. Lilkewlse sputa which were not brought
Immediately to the laboratory upon completion of the seven
day collection perliod, also ylelded similar falssely nega-
tive cultural results. A more rapld rate of growth and
more luxurliant colonles were obtained from specimens of
patients who customarily raised sputa of a mucoid character,

but not necessarily more highly positive.

On the other hand, no advantage to thls addition was
observed in the case of 23 per cent trisodium phosphate,
contrary to claims of Corper, Van Vranken, and others.

In fact, in most instances the 6 hour digestion period
proved to be inadequate, so 1t was subsequently deemed
advisable to incubate these jars for 12 hours, and even
following this interval of treatment, considerable con-

tamination of cultures was encountsred.

With the trisodium phosphate--"Tween 80" reagent
this technique was completely unsuccessful. The majority
of cultures were contaminated, and many werse falsely

negative,
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All threse reagents permitted the multiplication of
fungus contaminants upon the culture media, despite vari-
ation of incubation periods. However, if the trisodium
phosphate--"Triton X-100" jars wsere incubated sufficlently

long to render all subsequent cultures for M. tuberculosls

negative, fungl, for the most part, were destroyed.

Due to much confusion on the part of patients in re-
gard to the liquld present in the specimen contalners,
and the added hazard of more frequently spilled mpecimens
resulting from the increased volume,»this method of digest-

ing the specimen while collecting, was abandoned.

Sputa containing tubercle bacilli were heated to 56°C.
for one-half hour in an effort to destroy all contaminants,
It was found, however, that many strains of staphylococcl
and molds are resistant to this treatment., Likewise, heat
treatment in conjunction with chemical digestion was found
to be unreliable, as the wide varistlion in character of
individual specimens apparently made it impossible to de-
vise a uniform technique which would destroy extraneous
microorganisms without seriously harming the tubercle

bacillus.
IV Study of Funglicidal Agents

In an endeavor to incorporate into the trisodum

phosphate--Triton X-100" digestion mixture an agent which
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would prove non-toxic to M. tuberculosis, but would elimin-

ate, largely, the problem of fungus contaminants, a study
was made of the relative efficiency of fungicides and

mycostats.
A, DMNaterials and NMethods

Cultures of nine specles of fungl wsre obtained (from
Dr. A. S, Kelner of the Westover Field Regional Station
Hospital, Mass,). Following consideration of various
chemical agents, "Dowicide A" (orthophenylphenol, sodium
salt), "Dowicide B" (2,4,5-trichlorophenol, sodium salt)
and"Dowicide F" (2,3,4,6-tetrachlorophenol, sodium salt)
were added, in concentrations of 0,001, 0.002, 0,003, 0,004,
0,005, 0,008, 0,007, 0,008, 0,009, 0,01, 0,02, 0,03, 0,04,
0.05, 0,06, 0,07, 0,08, 0,09, and 0.1 per cent by weight
to approximately uniform suspensions of each of the fungl

in 10 ml, of physiological saline selution.

The mixtures were incubated at 37°C, for 12 hours,
then centrifuged for 10 minutes at 2500 r.p.m. The super-
natant fluld was decanted and the sediment washed 3 times
with physiological saline, after which 2 Sabouraud dextrose
agar slants (Difco) were inoculated from each centrifuge

tube, 6 loopfuls being utilized as the standard inoculum.

The Sabouraud slants were incubated at 37°C. for a
total mriod of 12 days. At the end of this time, presence

or absence of typical colonial morphology was recorded.
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B. Results

All three agents were found to be fungicidsl in rela-
tively low concentrations (Table 3). "Dowicide F" appear-
ed to be the most effsctive against the common fungus
residents of sputa with "B" next in sefficiency, and "A"

least,

Since these aprarently efficlent concentrations were
sufficiently low to be satisfactorily utilized in digestion
mlxtures, efforts were subsequently made to develop suit-
able solutions 1n which they could be used in a study of
thelr toxlcity for the tubercle bacillus. In the meantime
they were indlividually tested for toxicity to this micro-
-organlsm,

V Determination of the Relative Toxicity of
Dowlcides for M. tuberculosis

A, Materials and Methods

Fourteen saline suspensions of an approximately uni-
form amount of tubercle bacillll obtained from the same
pure culture, were treated respectively, with the percent-
ages listed in Table 4 of "Dowlicides" "A", "B", and "F",
The method utilized was identical to that employsd in the
study of these agents against fungi as given above, except-
ing that 1 tube of Petragnanl and 1 tube each of experi-

mental solid and liquid media were used for culturing the

sediment in each centrifuge tube. Cultures were observed
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daily. All colonles which dsveloped on the media were

smeared, stalned, and examined microscopically.
B, Results

It was found that "Dowicidse A" permitted growth of

M. tuberculosls in eleven days on Petragnani's medium in

concentrations up to and including 0.05 per cent, while
0.005 per cent "Dowicide B" was sufficient to prevent
colony development by thls orgasnism, as was also the case

with "Dowicide F",.

Table 4 records the relative degrees of inhibition of
each agent, and the varlation in rate of growth which re-
sulted, both phases being influenced by the medium upon
which the sediment was cultured. "Dowlcide A" allowsd
multiplication of tubercle bacilli on the liquid medium
through all percentages tested, the highest belng 0.15.
"Dowicide B" yielded results with the liquid medium
identical with those obtalned with Petragnani's. "Dowi-

clde C" permitted growth of M. tuberculosis up to a con-

centration of 0,01 per cent in the case of the liquid

medium.,

Since 0.05 per cent "Dowicide A" falled to inhibit
this organism on any of the medla utilized, and this con-
centration had pfeviously been demonstrated to be fungl-
cidal for all species of molds studied, it was selected

as the prover proportion of the agent suiltable for use in
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a dlgestion mixture.

Moreover, the tubercle bacilli treated with the 0.05
per cent concentratlion compared very favorably in growth
time with those which were untreated. These times were
1dentical for Pstragnani's and the liquid medium, and

ciffered by only 3 days with the solid experimental medium.

The 0.001 per cent concentration which permitted

growth of M. tuberculosis with "Dowicides™ B and F was

shown by the previous study to be insufficient to inhibit
the ma jority of the fungl tested. Therefore these com-
pounds were not added to various digestion mixtures for
further study, as was "Dowicide A".

VI Comparative Studies of Various Formulated
Digestion Mixtures

A, Materlals and Methods

The search for more rapid and efficient sputum digest-
ants was continued through the preparation and testing of
geveral solutlons, some of which had previously been util-

1zed, and others which were new mixtures.

The agents tested were: 23 per cent trisodium phos-
vhate, 23 per cent trisodium phosphate with 3 per cent
"Triton X-100", 23 per cent trisodium phosphate with 1 per
cent "Triton X-100", 23 per cent trisodium phosphate with

0.1 per cent "Triton X-100", 6 per cent sodium hydroxide,
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4 per cent sodlum hydroxide, 5 per cent oxalic acid, 7 per
cent ammonium carbonate with 10 units of penicillin-G per
ml.,, 17 per cent sodium tripolyphosphate with 3 psr cent
"Triton X-100", 23 per cent sodium phrophosphate with 3

per cent "Triton X-100", 10 per cent trisodium phosphate
with 1 per cent "Triton X-100", 7 per cent trisodium phos-
phate with 1 per cent "Triton X-100", 10 per cent trisodium
phosphate with 1 per cent "Triton X-100", and 25 units of
penicillin per ml,.,, 7 per cent trisodium phosphate with 1
per cent "Triton X-100" and 25 units of penicillin per ml.

Twenty culturally negative sputum specimens were
obtained and pooled. Thils large multiple specimen was
then inoculated with a phosphats buffer solution contain-
ing dispersed tubercle bacllli. To achieve this, these
organisms were removed in the colonial state from the same
pure culture and gently ground with a mortar and pestle in
the presence of 0.001 per cent "Triton X-100". i/hen a
watery, apparently homogeneous paste was achleved, 1t was
transferred to 100 ml, of the phosphate buffer solution.
During 2 days observation at room tempsrature, only a
small fraction of these organisms settled to the bottom of

the buffsr container,

Following the addition-of approximately 30 ml., of this
buffer suspension to the pooled spscimen, the latter was agl-
tated vigorously for 2 minutes and then divided into 14

aoproximately equal portions.
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Direct smears from each portion were axamined micro-
scoplically and it was found that the number of tubercle
bacilll in each of the seeded specimens corrssponded rough-

ly to IV on the Gaffkey scalse.

Each of these was then transferred to a centrifuge tube
and centrifuged at 2500 r.p.m. for ten minutes. The super-
natant liquid was decanted, and an approximately equal vol-
ume of each of the reagents was added--1 reagent to 1 spec-

ific sediment.

During treatment of the sediment, the individual tubes

were incubated at 37°C, Two tubes of the cultural medium
were incubated at the end of the following periods: 0.16,
0.34, 0.50, 1.5, 2.5, 6.0, 12, 24, and 26 hours following

addition of the respsective reagents.

Medium IITI was utilized for cultivation. It was incu-
bated at 37°C,, and examined frequently for macroscopic

evidence of growth through a period of 42 days.
B, Kesults

The findings for 23 per cent trisodium phosphate,
tri-sodium phosphate=--3 per cent "Triton X-100", 4 and 6
per cent sodium hydroxide, and 5 per cent oxalic acid
were very similar to results obtalned with these agents
in the previous study recorded in Table 2, Comparison of

the latter data with Table 5, which presents the findings

(45)



of the work under discussion, shows that the inhibitory
effects for saprophytes and relative toxicity for M.

tuberculosis proved to be almost identical. Since 5 per

cent potassium hydroxide was not used in the present study,
comparison cannot be made with the previous findings for

this reagent.

Twenty-three per cent trisodium phosphste=-1 per
cent "Triton X-100" proved to be as effective in all res-
pects as 23 per cent trisodium phosphate--3 per.cent "Tri-
ton X-100", while 23 per cent trisodium phosphate--0.1 per
cent "Triton X-100" appeared nearly as efficlent. Since
24 hour digestion effected complete inhibition of sapro-
phytes with the latter reagent, it was considered to be
very promising as a digestion mixture ingredient, as it
had proved to be less toxlc to the tubercle bacillus,

probably due to the lower content of wettling agent.

The ammonium carbonate--penicillin reagent was as
effective in removing contaminants as 23 psr cent trisod-
ium phosphate with 3 and 1 per cent "Triton X-100". How-

ever 1t increased the 1incubation time of M. tuberculosis

by 2 to 3 days, thus indicating a greater toxicity for

this microorganism,

The sodium tripolyphosphats and sodium pyrophosphate
reagents proved ineffective as digestants in this study.

Since the seeded sputa utilized were considered to be
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representative of the characteristics of the great majority
of specimens encountered in routine cultural work, 1t was
concluded that these two chemicals are unsatisfactory as
digestion agent componsnts. However, a further trial was

planned, using routine sputa from sanatorium patients.

Ten per cent trisodium phosphate with 1 per cent
"Triton X-100" and 7 per cent trisodium phosphate plus 1
per cent "Triton X-100" gave identical results in time
required for colony development, and in speed of removal
of saprophytés, In the latter respect, they were less
effective by 2 hours, than 23 per cent trisodium phosphate
with this concentration of the wetting agent. However,

they proved to be less toxlc to tubercle bacilli.

The 2 trisodium phosphate mixtures containing peni-
cilllin were almost as repid in thelr removal of contamin-
ants as were the 2 concentrations of sodium hydroxide.

Toxicity to M. tuberculosis was at a minimum, thus indi-

cating that these agents were promising as digestion mix-

ture ingredients,

VII Use of Formulated Digestion Mixtures in
Routine Culture of M. tuberculosis

The same dlgestive agents utilized in the comparative
study of speed and efficlency of digestion of seeded sputa

(section VI) were used to treat 100 specimens from sanatorium

patients. These sputum speclmens were not selected on the

(47)



basls of presence or absence of tubsrcle bacllli, but
instead wsere those received in the laboratory in the course
of several weeks. This afforcded a bettsr opportunity to
study the effect of the agsents under routine hospnital

laboratory conditions.

Each of the 100 svscimsns (7 day pools) was divided
Into 14 eporoxiniately equal portions. Each portion was
then treated with 1 of the dlgestion solutions, using the
individusl technlques previously described for sach reagent.
Three bubes of medium II were then inoculated from each
digested portion; These cultures were incubated at 37°C.
with frequent subsequent examination for macroscopic growth,
The numbsr of days which elapsed before the appearance of

colonies was recorded for each culturs.

Results of thils study are to be found in Table 6.
Twenty-three per cent trisodium phosphate plus 1 psr cent
"Triton X-100", 23 per cent trisodium phosphate with 0.1
per cent "Triton X-100", 10 per cent trisodium phosphate
and 7 per cent trisodium phosphate each with 1 per cent
of the wetting sgent, and 10 and 7 per cent trisodium
phosphate with the "Triton" and penicillin again provad
to be the most promising 1n thelr actlon. Cf thess, the
2 tri-sodium phosphate--psnicillin solutions wsre most

effective.

The irregularity of results encountered in this ex-

veriment, as compared with that of previous studled is



probably due to the difficulty encountersd in prevaring
homogeneous portlons of sach snutum sveciman. The mucoid
character of some of these made 1t almost imvossibla to

divide them into equal fractions of 1dentical propsrties.

A large narcentagse of the comtaminants encountered
were fungl, thus indicating that none of these agsnts 1is
universslly effectlvs sgainst thesse microorganisms.

VIII Preparation and 3tudy of Digesticn
Mixtures Containing "Dowicide A"

Therefore, now that favorable results had been obtain-
ed with augmeunted trisodium ohosphate solutions, an effort
~#ag made further to develop dlgestion mixtures which would
inhibit fungl, as well as other saprophytes. "Dowicide A"
was added in varying concentrations to the more successful

digestlon agsnts.
A, Study of Fungicidal Activity--ilaterials and lethods

Liquld mixtures of the following composition were
formulated and prepared: I =-- 23 per cent trisodium phos-
phate, 3 per cent "Triton X-1C00", IV -- 23 per cant tri-
sodium vhosohate, 1 per cent "Triton X-100", 0.03 per cent
"Dowicide A", VII -- 10 per cent trisodium ohosphats, 1
per cent "Triton X-100", 25 units/ml. of penicillin G,
VIII =-- 10 ver csnt trisodium phosphate, 1.4 per cent
"Triton A-20", 25 units/ml. of penicillin G, 0.03 per

cent "Dowicide A", IX -- 7 per cent trisodium ohosphstse,

(49)



1.4 per cent "Triton A-20", 100 units/ml. of penicillin

G, 0,03 per cent "Towlcide A".

"Triton A-20" is a 25 per cent aqueous solution of an
alkyl aryl polyether alcohol with non-ionic surface activ-
itye It is at least as chemlcally stable under alkaline
conditions as 1s "Triton X-100". Although not as satis-
factory a wetting agent as the latter it was shown by
Dubos to disperse and subssquently accelerate growth of
tubercle bacilli in 1liquid media (26). It does not
vossess the toxlcity of "Tween S0" for this microorganism,
Thus, aftser a series of experiments observing 1ts action

on suspensions of M. tuberculosis, its efficlency as a

digestion mixture ingredient with that of "Triton X-100",
all of which were very favorable, "Triton A-20" was select-
ed as a more satisfactory component to provide wetting
activity in digestion than "Triton X-100"., Since it was
found that it rsduces the lag phase of tubercle bacilli
encountered when they are transferred from the digestion
agent=--gadiment mixture to the culture medium, 1t was

utilized to obtain this stimulatory effect.

Twenty high Gaffkey sputum specimens wers obtained
from saanatorium patients and pooled, This composite speci-
men was then divided into 63 aporoximately equal portions.
A small inoculum of each of the fungl used in the study
of fungicidal agents (section IV) was then added to por-

tlons of the poolsed specimen--1 fungus to each group of
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7 portlons, thus making 9 groups of 7 sputa, each sseded

with a different fungus.

Each of 5 fractions in each group was then trested with
1l of the digestion mixtures. Mixures I, IV, VII, VIII, and
IX were added to the sediment of sputa obtaiﬁed as the re-
sult of centrifugation at 2500 r.n.m. for 10 minutes, mix-
ed and incubated at 37°C., for 24 hours. The treated sedi-
ments were then cultured on medium III at 409C. Cultures

were sxaminsed frequently for macroscoplc growth.

In addition the 6 per cent sodium hydroxide digestion
- technique was performed with 1 portion of sputum from seach
group as a control, since 1t had bsen observed previously
that molds are not particularly susceptible to its action
within the limits of the time employed for treatment (30
minutes), As a further contrsl, another portion from

each group was left untreated, although it was realized
that contamination from growth of sputum saprophytes

would make recovery of the seeded fungl very difficult,

These sediments were also cultured on medium III at 40°¢g,
B. Study of Fungicidal Activity--Rssults

From the results of the study, reported in detail
in Table 7, it may be concluded that of those studled,
mixtures VIII and IX were most efficlient in destruction

of fungl without sppreciably harming M. tuberculosls,

with digestion mixture IV proving nearly as effective.



Digestion mixture I proved almost completely in-
effsctive in checking the growth of fungl, since & of the
9 sesded molds were rscovered by culture, DMixture VII also
nermitted 6 of these organisms to multiply, but inhibited
thelr growth sufficlently to allow rscovery of tubercls
bacilll in 7 instances, 4 of these in mixed culture with

the fungus.

The sodium hydroxide reazent proved to be a poor con-
trol, since 1t inhitited or destroyed only 3 of the fungl.
Its extreme toxicity for viable tubercle bacilli 1is again

in evidence, as i1t prevented growth of 3 of the cultures,

The untreated group of sputum portions seeded with
fungl were largely overgrown by saprophytic bacteria when
cultured. The fungus and tubercle bacilli grew together
on the same slant in only 2 instances, and these cultures
woere highly contaminated by bacterla,

C. Study of Digestion Mixturss Containing "Dowicide A"

in Cultivation of M. tuberculosis from Sanatorium
Sputa=-=Materials and Nethods

Eighty-five spscimens of sputa from sanatorium
patients, as they were received in the laboratory were
concentrated by centrifugation and a portion of the re-
sulting sediments examined microscopically for the presence
of tubercle bacilli. The remalning sediments were then
divided into thirds, 1 portion of each treated with digest -

lon mixture IV, the second with mixture VIII, and the third
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portion with 1X.

All sediments were cultursd on msdium III; incutation

#as at 40°¢,

D. Results

Thirty-eight ver cent of the 85 sputum specimens were

found to be positive for j. tubsrculosis microscopically.

Forty-four psr cent were positive by culture following
treatuent with digestion mixture VIII, 40 per cent follow-
ing tresatment with digestion mixture IX, but only 20 per
cont of these expssed to mixture IV. Culturss trested with
digestion mixturs IV were contaminated by saprophytes in
14 instances, VIII treated cultures in 4 cases, and IX in

only 1 1nstancse,

rrom thess results 1t was concludsd that mixture IV
i1s much more toxic to tubercle tacilli thsn VIII, snd IX
1s moderately more toxic than mixture VIII. EKowever, VIII
treatment 1s more conduclive to contamination of cultures
than IX, but only slightly so iIn comparison with treatment
by IV, which rssulted in 10 more contaminated cultures than
did mixture VIII.
IX PFormulation of Digestion kixturas Contalning
Terramycin and Determination of their
Relstive Efficisncy
Although digestion mixture VIII and, to a slightly

lesser degres, mixture IX were found to be mors satis-
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factory for digsstion of sputa then any of the othsr agents
tssted, the slight toxicity of penicillin to tha tubercle
bacillus when used In conjunction with a wetting agent under
alkaline conditions, made dssirable furthsr efforts toward
praparing better mixtures, Therefore, a survsy of liter-
aturs was undertaksn, attempting to find a satisfactory
substitute for penicillin which could be ussed in digsstion
mixtures, At this time terryamycin hyirochloride was
suggested by Dr. S. A. Yannitelli, of ths A, S. Xixzball

Sanatorium.

Avallable litersture revealed that this antibiotic is
ineffective against the tubercle bacillus in vivo and in
vitro, and that it is fairly stable under acid and aklsaline
conditions (38). It is, however, active sgzsinst most of
the Gram-positive bacteria susceptitle to vpenicillin, as
well as several Gram-negative microorganisms resistant to
the action of the piloneer antibiotic. It had been noted
by Hobby (38) that terramycin is excreted in high concen-
tration in the sputum and appears to exert a marked effect
on the nature and consistency of the sputum, as well as
killing most of the normal resident tacteria of the mouth
and naso-resplratory tract (39). In fact, it was found by
this investigator that when terramycin hydrochloride was
administered to far advanced tuberculous patients, their
sputa were found to yleld on culturs, in most cases, only
tubercle bacilll, other bacteria having teen inhibited or

killed.
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Terramycin g2l1lso had been found effective against bac-
teriel specles which hed acquired resistance to penicillin
(37). Therefore, since, in the course of routine use of
digestion mixture VIII, a slightly greater number of cul-
tures contaminated with staphylococcl had besen encountersd,
1t was belleved that terramycin might prove mors effective
than penicillin as an inhibitant of some of the more trouble-
some saprophytes which reside in and on the human body and
thus may have recently been exposed to venicillin therapy

in any of several ways.

The following digestion mixtures were subsequently
formulated: X -- 0.1l per cent terramycin hydrochlorids,
1,4 per cent "Triton A-20, 0.03 per cent "Dowlcide A";

XI =- 0,1 per cent terramycin hydrochloride; XLL =-- 0,1
per cent terramycin hydrochloride, 1.4 per cent "Triton
A-20", 0.03 per cent "Dowicide A", 7 per cent trisodium
phosphate; XIII =- 100 units/ml. of penicillin G, l.4 per
cent "Triton A-20", 0,03 per cent "Dowicide A"; XIV -~

100 units/ml. of penicillin G; XV -- 0,1 per cent terra-
mycin hydrochloride, 0.03 per cent "Dowicide A"; XVII =--
100 units/ml. of penicillin G, 0.03 per cent "Dowicide A".

Digestion mixtures X and XIII were designsd to compare
the action of penicillin end terramycin, The remalning
constituents of each are identical., Mixtures XI and XIV
were formulated to compare the efficiency of the 2 antibl-

otics when used slone in supposedly equivalent amounts.
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Mixture XII duplicatss the 1ngredients of IX with the ex-
ception of substitution of terramycin for penicillin, and

XV differs from XVII also only in these two antibiotics.,

Before utilizing these digestion mixtures with sputum
specimens from sanatorium patients, cultures were made from
several buffered saline suspensions of recently isolated
tubercle bacilli, to each of which one of the mixtures had
besn added. The number of bacilli in these susvensions
was roughly standardlzed by direct smear microscopic counts
made after the suspension had been shaken thoroughly.
Tubercla bacilli were recovered on culture from all the
treated suspensions., Four other digestion mixturss, also

studied in thils fashion, iInhibited M. tuberculosis, so

they were discarded.

Digestion mixtures X, XI, XII, XIII, XIV, XV, and
XVII where then used to digest sputa in the following
manner: . Nine microscopically negative sputum speclmens
were pooled, allowed to stand for £4 hours, then equal
amounts were transferred to 9 contalners. These were
Individually seaded with tubercle bacllli from 1 stock
culture, concentrated by centrifugation, and each sedi-
ment treated with 1 of the given mixtures for 24 hours.
Then the sediments were cultured on medium III (2 tubes

inoculsted/ sediment) at 40°c,

Tubercle tacilll multiplied on cultures from each

of the sediments, but cultures of sedimsnts treated with
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mixtures XI, XIV, XV, and XVII were contaminatsed by

Saprophytic bacteria and, iIn 1 instance, by molds.

Treatment with digestion mixtures XI and XVII result-
ed in macroscoplcally visible colonles after 10 days incu-
bation, while digestion with XII and XIII produced colonies
in 11 days. Mixtures AIV and XV treated materlal cultured
tubercle bacllll only after a much longer veriod of incu-
bation (28 and 19 days, respactively) probably due to sal-

most complete overgrowth of the medlum by contaminants.

It thus appeared that terramycin was at least as
effective as penicillin as an Ingredient of digestion
mixtures,although neither was satisfactory when used

slone, the former proving slightly better in this respsct.
A. Dlatserials and l.ethods

The degrees of efficiency revealed by each antibio-
tic in this limited study, as digestive agenta and as
components of mixtures, was then checked on a larger scals,
using £0 sanatorium sputa. These specimens were pooled

and seeded with M. tuberculosis, and then divided into 50

approximately equal portions.

Digestion mixtures IV, VIII, IX, X, XI, XII, XIII,
XIV, XV, and XVII were added to the sedlments of these
portions--1 mixture to each of 5 portions of sediment,
One tube of medium III was Inoculated from each treated

portion at the end of the followlng periods of digestlon
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at 37°Cc.: 1, 1%, 2, 2%, 5, 8, 12, 24, and 48 hours. The
cultures were incubated at 40°C.,, and were examined fre-

quently for evidence of macroscopic growth.
Be Results

It was found, as shown 1In labls 8, that digestion
mixtures IX, XII, and XIII exhibited the most rapid inhib-
itory actlon for contaminants, each proving effective
after only 8 hours digestion., Nixture VIII was next in
efflciency in thils respsct, as 1t ylelded uncontaminatad.
cultures after 12 hours tresatnment of the sediments., The
poorest mixtures wsre found to be XI, XIV, and XV, as some
cultures Qere Etill contaminated which had besen plantesa
after the inoculum had undsrzone a 48 hour digestion
perlod. The remalning digestants all proved effactivse

when permitted to act for this extended time intsrval.

As Indiceted by the relative time in days required
for visible colony formation on the cultures, digestion
mixture VIII manifested the least toxlcity for li. tubercu-
losis, WMixtures IX, XI, IV, and XVII wsra next in this
respect, and X, XII, and XIII treated sedimsnts requirad
only 1 day riore of incubation on medium III to produce
mecroscopic growth than did the former group. Material
digested with XV required 16 days, while that exposed to
XIV failed to grow tuborcle bacllli after 42 days incuba-

tion. 3incs both of these groups of cultures wsre con-
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taminated, the long incubation period in one instancs and
the failure to grow tubercle bacilli in the other does not
necessarily indicete high toxicity of these mixtures to M.

tuberculosis. One may conclude, however, that ths mixtures

are unsatisfactory as inhititants of saprophytes.

Again 1t sppeared that terramycin and penicillin were
nearly squlvalent 1In value as ingredlents of digestion
mixtures, Mixtures X and XIII both satisfactorily removed
contaminants after 24 hours treatment of sediment, and growth
of tubercle bacilll was obtainsd from these sputum sedimsents
aftar 10 days incubation of their cultures. Digestion mix-
tures XI and XIV, in which terramycin and penicillin, res-
pectively, were the only sctive ingredients present, both
failed inhiblit saprophytes completely. However, XI, sesmad
more satisfactory of the 2, since growth of tubercle bacilli
took place i1n 9 days, while XIV yielded no growth on cul-
ture of the treated sediment, due to marked contamination

of a1l of thLe tubes planted.

Mixtures IX and XIl also were very similar in their
action, since saprophytes wsrs inhibited after 8 hours
digestion of sputum sediments, in each instance. Sediments
treated with IX (containing penicillin) subsequently cul=-

tured M. tuberculosis in 8 days. Those treated with XII

required a 10 days incubation psriod to produce visible

colonies. Thus, it appears that, 1In assoclation with
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trisodium phosphatse, "Dowicide A", and "Triton A-20",
peniclllin is slightly more effective as a digestive mix-

tures ingredient than terramycin.

This was also tha case when AV and AVII were compar-
ed, uixture XVII, contalning penicillin, gave uncontamin-
ated cultures after 48 hours digestion, while the terramycin
mlxture, XV, failed to do so. Growitn times of tubercle
bacilll expossed to the 2 cannot be compared, since the
cultures from material treated by XV were contaminated.

X. Comvarison of kfficiency in Routine Eospitsl

Jork of Terramyclin Digestion Mixtures with
thoss Contsining Penicillin

These digestion mixturss wers used to treat routine
sanatorium and out-patient sputum specimens, which were
c¢ivided into fractions for ssvarate addition of the 1in-
dividual mixtures, However, 1t was imposslble to divide
the majority of specimens into 10 equal portions. In some
instances the volume of ths sputum was so small that only
1 digestion mixture could bs used. Generslly, however,
each specimen was treated with at least 2 digestlon

mixturses,
A., Materials and liethods

The sputum specimens wera centrifuged &t 2500 r.p.m.
for 10 minutes, and treatsd with the digestion mixtures

for a period of 24 hours at 37°C. Four loopfuls of each

(60)



sediment were then used to iInoculate each of 2 tubes of
medium III and 2 tubes of Petragnani medium. The latter
medlum was utilized because it i1s the policy of the Kimball
Sanatorium laboratory to use it to culture all routine
specimens examined for tubercle bacilli. All cultures were
incubated at 40°C, for a total pariod of 6 wesks, and were

examined macroscoplcelly frequently throughout this time,

Considerably larger numbers of sediment were digested
with mixtures VIII and IX, as the majority of the specimens
were received before the study reported in Section IX was
completed. Other sputa were recelved at later dates when
preliminary results indicated that these 2 mixtures were

more advantageous for routine hospital utilization.

As was customary with all cultures, colonises develop-
ing on the médla used were checksed microscopically. Ths
time iIn days required for development of macroscopically
visible colonies was recorded for all sediments cultured on
medium III, as was the number of tubes of medium found to bs

contaminated.
Be Results

Table 9 reports the time required for macroscopically
visible colony formation of specimens which were positive

microscopically for M. tuberculosis. The microscopic find-

ings are divided into thres classes: high and low Gaffky,
and positive only by concentrats, The percentage of con-

tamination cultures for all sputa treated with each mixture
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1s also recorded, as well as the total number of specimens
treated., The average elapsed time before macroscoplc
colonies wsre noted is recorded for each class of the

positive sputs.

Of the digestion mixtures studied, VIII, IX, X, XVII,
XIII, and XII, (in the order of thelr efficiency) were
found satisfactory for treatment of sputa sediments. The
remainder of the mixtures failed to inhibit saprophytes
sufficisntly and also exerted a more toxic effect on the
tubercle bacillus. Although 2 per cent of the cultures
from VIII dlgestion were contaminated, while none of the
mixture IX cultures were, the former mixture was consider-
ed more effective since it di1d not mankfest the high degres
of toxicity for M. tuberculosis that was displayed by the

latter, as shown by the difference in growth times for this

organism,

Digestion mixture X, which is the same In composition
asXIII except for the substitution of penicillin for terra-
mycin, proved more efficlent than mixture XIII, XI and XIV
each consisting of 1 of the 2 antibiotics as the sole in-
gredlient were unsatisfactory. Mixture IX, identicel with
XII except for the use of penicillin the former and terra-
mycin in the latter, was found to be more effective than
mixture XII, especlally with respect to toxicity for tubercle

bacilll 1In sputa positive microscopically by concentration,
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Table 10 records the par cent correlation between
concentrats microscopic examination and culture of the
sediment following treatment with one of the digestion mix-
tures, The following values iIn terms of psr cent of total
gputa are glven: specimens with both positive concentrate
and culture, specimens with negative concentrate but posi-

ive culture, those with positive concentrate but negative

culture, ssediments with positive concentrate but contamin-
ated culture, those with negative concentrate and culture,
- and specimens with negative concentrate and Petragnanl cul-

ture, but positive culture with medlum III.

The last named category was included to further indi-

cate the lowsr toxicity for M. tuberculosils of digestion

mixture VIII, as compared with mixture IX., As the mala-
chite green present in the Petragnani medium 1s slightly
inhibitory for this organism, tubercle bacilli which pre-
viously have been subjected to adverse conditions during
digestion will be less likely to grow on the medium., Mix-
ture VIII treatmsnt resultsd in 4.14 per cent cultures
positive only on medium III, as compared with 1.72 per cent

for mixture IX.

Mixture VIII proved superior to the other digestants
in all respects. A greater recovery of tubercle bacilli
from microscopically negative sediments was achleved, and
sediments containing tubercle bacilli treated with this
solution subsequently gave positive cultures. Contamina-

tion was very low=--mostly due to bacteria with oniy rare
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recovery of fungl.

Mixture IX, as discussed previously, was more toxic

to M. tuberculosis than VIII, However, its terramycin

counterpart, digestion mixture XI1, exhiblited greater
toxicity with respect to recovsery of tubsrcle bacilli on

medium III and not on Petragnani's.

Terramycin mi;tures in general proved unsuccessful
due to the high degres of contamination of cultures plant-
ed from material digested by these solutions. Thelr rela-
tive toxiclty to the tubercle bacillus was greater than
their peniclllin counterparts, as indicated by fewer
positive cultures from nsgative concentrates, and by
fallure to glve any positive medium III cultures when all

Petragnanl cultures were negativse,
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Discuassion

The exrerimental evildence i1dicatas thet 2 conecan=
trations of sodium hydroxide (L and 6 rer cent) are rela-
tively ropid in thelr ig23tive actlinn, confiruing ravorts
rutlished Uy s=veral workxers. .owsver even when the per-
1od of cigesticn wilth these reassats iIs care

ally ccatrell-

ed, it was found that they possessed hish toxicit

0
b

tabercualosis, a5 eviidenced by thie 3low growih of tils or-

)

lowing exposure to theisse Even the srotsctive

[

ganism f£O

effect of mucus falled to reducs their adverse effecte.

Lower concentrations of sodium hydroxide were nct

stuadied, since it was found that this digestive azent

precipitated the nrotein matarial of sputa sedinents.

It was bellsved that the prasence of this prscipitate

PN

V(j

sarrouncing the iudividual tubercle bacilli woald further
incrzase the period of adjastment of each to the -1naccus-
toried environment of the culture mediume. Twznty-three per
cent trisodiun phosphate proved less toxic in preliiinary
studies and did not require carefully timed periods of
digestion. It also showed less tendency to form precloi-
tates with sputa ccastitusntse. Thergfore sodiun Ly3rox-

ide was used In subsequent exparimental work only as a

standard for cowparison.

It was not utilized iIn conjuncticn with wetting asgcnts
becaase sodium hydroxide "Triton" miixtures wsre found to

be less stable over several months observation than is
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trisodium phospiiate in various co.centrstion. Although

it was not demonstrated experimentally, it would appear

that the toxicity of sodium hydroxide woull be multiplied
considerabley by dispersal of the natuarally occurring clumps
of tubercls btacilli brought about by wetting azsnts. Other
moderately toxic chemicals have been observed by Dubos and
Yourians to be markedly bacteriocidal to this organism when

dissolved in surf .ce actlive agents, as reviewed previously.

Sodiam hydrcxide was considered unsatisfactory as a
digestive agent also duec to the resistance of many sapro-
paytic fungl to its action. It shared this shortcoming
with all of the agents described by previous workers which
were stucdied by the author. Attempts to use 1t, in ssveral
concentrations, 1a the presence of "Dowicldes" A, B, and F
were unsuccessful, since such combinations proved extreme-

1y toxic to tne tutercls bacillus.

One might speculate that addition in this way of more

sodium ions caused decreassd ionizaticn of the Dowicide

@]

into sodium and phenate ions by shifting the equilibrium

to tre 1left to produce a wore concentr.ited solution of the
an=-ionized sodium phenate cowmpoand. This might subsequent-
ly, due to its iunsolubility, while passing throush the
colloid state, bs absorbed on the 1lirid coating of tubercle
bacilli and act directly upon these organisms, resulting in a
substantial increase iIn toxiclty. The possi2ility of this

occurring is oprposed by observation of the apparent stabil-
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i1ty of these "Dowicides" in a 6 per cent solution of
sodium hydroxide, and by the lack of such an increase in
thelr toxiclity when in trisodium nhosphate solutions,

The lattsr compound slso yields sodium lons when dissolv=-

ed 1In water,

Howsver, it was found that degree of alkalinity had
little effect on the extent of toxicity obssarved with the
"Dowicide"--sodium hydroxide mixtures. when 6 per cent
concentrations were partlally neutralized by addition of
1 normal hydrochloric acid, ths resultant increase in hydro-
goen icn concentration did not diminish i1t. These pH values
ranged from 7.5 to 10.0. The pH of 23 per cent trisodium

phosphate 1s approximately 10.5.

"Antiformin", which proved even more rapid than sodium
hydroxide in the destruction of contaminants, was found to
be much too toxic to tubercle bacilli for routine digestion

of sputa prior to culture.

Potassium hydroxide In the 1 concentrstion utilized
(5 per cent) proved approximatsly equivalent in efficlency
to the sodium hydroxide solutlons studied. Oxallc acid
treatment of sputum sediments did not effectively inhibit
saprophytic growth on culturing ths digested sputum sedi-
ments. It was, however, the least toxic of the chemical

agents studied in this group (section I).
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The success of cultural examinations in the labora-
tory diagnosls of tuberculosis dspends on the preservation
of tubercle bacilll and the slimination of contaminating
mlicroorganisms., The selection of techniques and reagsants
will vary with local factors such as the populace from
which spscimens ars recsived, general character of speci-
mens, and the numbsr of tubercle bacilli usually sncounter-
ed. A sanatorium, whose beds ars occupliad by far-advanced
tuberculosis patlents, will more readily bs atle to uss, in
its laboratory, a harsh digestive agent which will rapidly
dissolve mucus than a public health laborstory which ex-
amines specimens collected from the general public. In the
latter Instance the risk of secondary contaminstion is in-
crsased, and many types of bacterle sre able to multiply
before the specimen reaches the laboratory. The rate of
contamination 1s relatively high, while the numbsr of
specinens in which tubercle bacilli can be detected is low,
Thus the average health devartment leboratory requires a
digestive agent which will prevent saprophytic contamination
of cultures but will not harm the few acid=-fast bacilli that

may be pressnt in specimens.

In visw of the expsrimental results obtained, sodium
hydroxide, "Antiformin", potassium hydroxide, and oxslic

acld do not entlirely fulflll the requirements of the average



sanatorlum nor those of the public health laboratory.

Trisodium phosphats, however, provad to bs a step
nearer the 1deal digestive agent, Treatment of sputa sedi-
ments for 26 hours with this reagent destroyed all contamin-
ants, It was found to be relatively non-toxic to tubercle
bacilll since it ylelded growth of these microorganisms in
12 days incubation of cultures inoculated with the treated
sediments. The trisodiwn vhosphate method does not requirse
neutrallzation of the digested matsrial before culturing,

nor does it have to bs carefully timed,

Howsver, it did not rapldly break cown mucolid spsci-
mens to a homogsneous suspension, nor did it prevent growth

of fungl from sputa which contalned thess microorganisms,

Therefore the wetting agent "Triton X-100" was added
to various strength trisodium phosphate solutions to en-
deavor to more rapldly reduce the mucoid film surrounding
and protecting undeslirabls bacterlia., By means of timed
digestion experiments, 1t was found that periods of action
for various relative concentrations of solutions of thess
2 agents could be established whereby action was falrly

rapld, but the tubercle bacillus was not affected adversely.

In routine work with sputa, some dlsagreement 1n re-
sults from study to study can be noted with respsct to time
required to remove or 1nhibit saprophytes and also the time
required for posltive cultures to develop. The significance

of this should not be exaggerated, since routine clinical



specimens may be 1irregular at times so far as the distri-
bution of small nuubers of tubsrcle bacllli is concerned.,
The lack of homogenelty in sputa accounts for the fact that
the more tubes planted, the more positive cultures will re-
sult, a phenomenon nearly independent of the digestion

agent. utilized,

The inadvisabllity of adding trisodium phosphate--
"Triton X-100" solutions to sputum contalnsrs befors they
are glven to patients for collection of specimens was
demonstrated by difficulty in standardlizing digestion mix-
ture 1ngredient concentrations because patients often fail-
ed to return the jars promptly after collection of the
specimen, Ths confusion on the part of the patient in re-
gard to this liquid, and the hazard of more frequently
spllled specimens due to the lncreased volume, &lso con-
vinced the author that this means of acceleratingvdigestion

was unrsellable.

The periods of digestion studied were selected as
those which would be feasible for adaption to the routine

of the public health or clinical laboratory.

Fungl in specimens treated for the maximum time werse
not inhibited by the trisodium phosphate--"Triton" mixtures.
Thus the study of the action of "Dowicides" A, B, and F was
undertaken, "Dowicide A", which was found to be effectlve

as a fungicide in sultably low concentrations and 1s least

f e \



toxic of the 3 to M. tuberculosis, has been recommended by

the United States Department of Agriculture as a disinfec-
tant for surfaces contaminated by bovine tubercle bacilli.
The apvarent contradiction is difficult to explain, excert
on the basis of differences in cellular chemistry between

bovine and human tubsercle bacilli.

"Dowicides" B and F inhibited M. tuberculosis in the

concentrations in which they were fungicldal. The tubercle
baclllus greatly resembles the pathogenic fungl in many of
its characteristics, It also customarily produces desply
seated 1nfections beneath the surface epithelium so that
tissue must be removed or des*royed to combat it effective-
ly. Undsr the right conditions it will assume fllamentous
forms resembling the molds. It also is falrly resistant to
an adverse environment which would kill most‘bacteria.
Colonies of virulent tubercle bacllli on the classical

medls are hard, dry and brittle like those of many fungi.
Thus 1t is difficult to find fungicides which will not harm
this bacterium. "Dowicides" B and F are effective agalnst
fungl in higher dilutions than "Dowicide A", It, therefore,
is not surprising that the former chemlcals should prove too
toxic to the tubercle baclllus for use in digestion mixtures,
while the latter, through some unexplalned selsctivity, is
satisfactory for inhibition of fungi present in sputa

sediments,

More complex digestion mixtures were formulatsd as

attempts were made to achieve solution which would efficient-

f v \



ly destroy contaminants 1n a convenient length of time,

The concentrations of trisodium phosphate and wetting agents
were therefore varled, and antibiotics and "Dowicide A" were
added in various concentrations to improve the selectivity

of the mixtures.

The ammonium carbonate--peniclllin reagent used by
Goldie in cultivation of tubercle tacllll from sputa proved
more toxlc to this organism than trisodium phosphate--"Tri-
ton X-100", ©Nevertheless, ths value of penicillin was
demonstrated by 1ts presence in the mixtures studied, and
1t was hoped that it would prove sufficiently stable for
use in digestion mixtures, It was subsequently found to
possess greatsr stability over several months time than

terramycin, with which it was compared,

"Triton A-20" appsared to reduce the lag phase of the
tubercle bacillus which occurs during the period of the
organisms adjustment to the cultural environment, since 1t
reduced the incubation time necessary for macroscopic colony
formation., Like "Dowicide A", i1t had never previously beean
used in digestion mixtures formulated by other workers.
Dubos, howsver, had found it an improvement over "Tween 80"

as a growth stlimulant in 1llquid media.

Terramycin hydrochloride was also an innovation as an
ingredient of a sputum digestant. It appeared promising

in limited preliminary trials, but subsequent uss routinely

on & large scale revealed its lack of stability and slight-
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ly greater degree of toxicity to tubercle bacilli, when
compared with penicillin, Terramycin's relative incompat-
ibillity to elkaline environments, as well as its instabil-
ity probably account for the greater degree of contamination
of cultures resulting from its routine utilization over a

period of several months.

It should be realized that the number of speclmens
treated with terramycin mixtures is much smaller than that
of those digested with some of the solutlons contalning
penicillin., Thus 1t would doubtless bs advisable to con-
duct more extensive routine studies with the former antibl-
otic, kesping the digestion mixtures refrigerated when not

in use,

Cigestion mixture IX proved more toxic to these organ-
isms than VIII, thus indlcating that 100 units,/ul. of peni-
cillin G is not only unnecessary but also reduces the

efficlency of digestion.

Digestion mixture VIII, containing 25 units/ml. of
penicillin G, 10 per cent trisodium phosphste, 1.4 per cent
"Triton A=-20", and 0,03 per cent "Dowicide A", was found to
be the most effective of all the agents and mixtures studied.
Penicillin, in the presence of a wetting agent is slightly
toxic to tubercle bacilli, so this mixturs does not com-
pletely solve all problems involved 1n obtalning M. tuber-

culosis in pure culture from sputa., However it doss in-
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\

hibit the great majority of saprophytes (including fungi)
and the toxicity of penicillin may be partially overcome
by the stimulatory effect of "Triton A-20". Tharefore
when used to treat sadiments for 24 hours at 37°C.,

digestion mixture VIII will prove more efficient than any
of the other digestants studled.

(74)



Summary

The relative efflciency of sodium hydroxide,
potassium hydroxide, "Antiformin", oxalic acld, ammon-
lum carbonate--penicillin, and trisodium phosphate in
snecific concentrations as digestants of sputa prior to

culture for M. tuberculosis was studled experimentally

using specimens from tuberculosis patients. Twenty-three
per cent trisodlium phosphate proved most effsctive, It

was subsequently modified extensively through addition of
other chemicals, and these modifications used as sputum
digestants, Fungl were effectively inhibited by 0,03 per
cent "Dowicide A", which d1d not prove toxic to tubercle
bacilll in this concentration. Surface active agents wsre
8lso used 1n the formulated digestion mixtures to permit
more rapid action of the other ingredlients. "Triton A-20"
was found to be the most effsctive of these when digestlion
pariods were standardized. Prolonged exposure to digestion
mixtures contalning wetting agoents 1s toxic to tubsrcle
baci1lli. Peniclllin G and terramycin hydrochloride wers
used ss digestion mixture ingredients. Penicillin G was
superior in efficlency and stebility, Of ths several
digestion mixtures formulated and/or studied, VIII, contain-
ing: 25 units per ml. penicillin G, 1.4 per cent "Triton
A-20", 10 per cent trisodium phosphate, and 0,03 per cent

"Dowicide A", was least toxic to i, tuberculosis and most

effective in recducing cultursal contamination.
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Calturs wmedlia utilized iIn experinental

)

I DS IR
Pstragnanl ®cg lediam

(Leuan modification)

Potats (zzcl23 and cat into s.all rlisces)
Distill=d watzsr

Iix aad aatoclavs at 121°3. for L5 minutes.
make Ay potato wvatsr to DO rl. Add:

Bacto=-sxin nilxk (.— .fCO)
Potato starch

Proteose peptonie wo. 3 (Difco)

Stir to 2 srnoth nazts and h=at ia a double
2 hours, with frsquent stirring. Cool to 55°C
follovwing mixtars:

stac:

~a g

-3za2

Ylo
1L

iato

aseptically

Placo

Ari101d and hest

, Or more,

T-~-3 (whole)
T g0 Lis
ilycerol
alacrits creen (2.0 agusnas)
wix o thorouly s TIlter tiroa’ storile
a sterile Aistrivitin: “tinel. DSistribabte as
a3 possible into sterile scr2w-canred ciltars bt ihes.
in a slaatad positio. 1 an Iasplisssetor or 3
at 20°C. Ffor 53 wminutas the firct dsy and 2 hours
the sascond day.



Protacss soptoaz ol 3 (0
Disod il poosniste
Ssacrotassiul tonsnate
aznesing 3°17ate
Terric arzidnlus cltrate
Yeast evtract (Difco)
Sodia sTlicate {~ta)
Triton A=20 (10> soluticn)
Distillzd water
Adjust pT to T.2.
Disgrence in screw=-cap
pcrtionse Stor
winnatas Then a1

ctr-penase (Difco)
St

S3ian cliloride
istilled water

Sterilize

filter. Final pil of

by filtraticn

mediome

Lian

sl iuiin (bovine fraction)

1d

aseptically 1

P IR

S~

-

pred caltare

rilize Ly altoclavL“; at 1&1
a3

Ix.lo

throu~h
700"'7.2.

Ul

taties

Seitz

1
for 20
of *Ke followin:

L] L] [ ] L ] [ ] [ ] (] L]
SONO~-J0OUTD
3
L]

~NImonMo oM

L
(O}

or porcelain



Experimental S5olid .23l

Protzose peptone io. 3 (Difco) 2.0 o
Disodiwa prosphate Cef te
ononotassin nhosphata 1.0 2.
wameslhun snlfate Ca?7 o
Terric arwoniwm citrate Qel
Yeast extract (Difco) 2.0 7.
Sodiwn silicate (uota) 0.2 ~u
Asr 15.9
Zistilled wabse 977.0 n)e

Adjust pii to T.Z

irile at 550C., c¢isvensa il starile
culturs twvies In 10 ml. portions. ZCtaerl
ing at 1219C. for 20 minntes. A3d asapt:
tne followling solution to eachh t:be:

Triton 4-20 (10,: aqaeous solntion) 1.5 1.
“scto-penase (Difco) 2.1 ml.
Dleic aciG-aluiuiin corplex 1C.0 inl.
slucose 14.0 =
15tilled water L5.0 il
Sterilize Lty filtration thryaigh S2ltz or pore=2lsin
Silter.e 7Tiie tubes arz =slauted for t ie mediwn to cocle.

Tine oleic acid=albumin comrlex is prerxarzsd as [ollowse

(1) Dissnlve 0.12 wl. of oleic acid (0.1 ~.) i1 10 1.
N/cO sodiw hyiroxide by shaxia witn a rotary notion

in a small flaske.

(2) A3 5 ml. of tﬁis solatisn to ¢5 ml. of

neatral 5
per cent solution of bovine serum fraction V

a
(aluuin) 1a

O.Jj rer cant saling.
(3) TIacubate at 56°C. for 30 .inutzs to inactivatz lirasae.
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