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I. INTRODUCTION

To workers engaged in the laboratory study of tuber-
culosis, senaitive methods for detection, iscolation and
identification of the causatlve organism are of great impor-
tance,

The characteristics of the genus Mycobacterium are
such that techniques for the lsolatlion and ldentificastion of
the most Important member of the genus differ msrkedly from
those used with other mieroorganisms. The lsboratory pro-
cedures most widely used are: (a) microscopic studies of
direct and concentrated smears, (b) culture, and (¢) animal
inoculstion., Serologlcal methods of diagnosis are not
wholly satisfsactory.

Although direct smears are usually made of sputum
specimens, because of the difficulty of finding the bacilli,
microscoplc examinations of other psthologic materlal are
seldom made. The major limitation of the microscople
examination is that 1t does not distinguish between tuberdle
bacllli and saprophytic and other non-pathogenic acid-fast
bacilli,

The concentration of small numbers of tubercle bacilli
from pathologic material into a final compact volume presents
the problems of homogenlzing the specimen, destroying contam-

inating organisms and collecting the bsacilli, Homogenlzation



of specimens may be accomplished by a variety of chemlcals.
Desireble ones dissolve the undesired tissues and cellulsr
debrlis, and at the ssame time, exert a bacterlicidal action
upon contsmlnating microorganisms without affecting the
staining properties or kllling the Mycobacteria. Following
homogenization, the material is concentrated either by
sedimentation or by flotation.

A number of hydrocarbons have been used with excellent
reports concerning thelr abllity to concentrate tubercle
bacilli, However, the toxic effect has limlted these pro-
cedures to bacterioscopy.

The observation has been made that acid-fast bacilll
which reach the interface of a water-oll emulsion quickly
go into the o0il phase. VWhen non-acid-fast bacteris resch
the interface of a water-oil emulsion, they remain at the
interface or return to the water but never pass into the oil.

The possibility existed that flotation with a volatile
01l might improve the concentration of the tubercle bacilli,
When the voletlile o1l contasining the bacteris 1s separated
from the pesthological material, 1t can be evsporsted, leaving
only the tubercle bacllli, This flotetion method may elinil-
nate the toxic effect common to all hydrocarbons which hawe
been tried.

It was hoped that this study would yleld a more

efficlent, cheaper, and simpler technlique than those being



used at present., This would be of advantage to small
institutions doing a few specimens dally and to large

hospitals and heglth departments where many examinations

are done daily.



II. KReVIEW OF THE LITERATURE

The acid-fzst characteristic of Mycobacterium

tuberculoslis end its appesrance in stained smears in small

groups or bundles have been utilized in microscoplc exam-
inetion. Although this is the lesst sensitive of the methods
evailable, it holds an important place in the diagnosls of
gputum because of 1ts simplicity and speed. Cummings (1950)
reported that scid-fast bacilli found in sputum samples are

usuelly M. tuberculosis.

It has been shown that mlerosconple technigues are not
sensitive enough to be reliable when smell numbers of bacilli
are present in the sample. Corper (1928) estimated that
100,000 tubercle becilll per milliliter were necessssry for a
ressonable chence of finding the baeilli., Hslloway and
Cummings (1949) found the percent positives was too low for
the amount of work involved in direct examination of gastric
specimens. Although Mishulow, Melman and Romano (1934) and
Spendlove, Cumnings and Patnode (1949a) reported direct
smesrs of cholece psrticles may be es8s good as the concentra-
tion method in finding scid-fest becilli, it is not always
possible to examine fresh specimens. Pathologicsl materials
sent to state heslth departments mey have been In transit
three or four days by which tine the cheice narticles have

disappeared. Therefore, concentrastion is necessary for



microscopic examinations and slso for culture and animal
inoculations.

The first step in the preparation of the specimen for
concentration is the hombgenization and digestion with any
of a variety of chemicgls., The chemicals used must digest
the organic matter and slso destroy the contaminsting micro-
organisms., Two different approaches have been used. One
utilizes chemical substences which are very efficlent in
concentrating the bacilll but are so toxic to the tubercle
baeilli that the specimen is good for microscopic examinstiion
only. In the other, chemicals which are not too toxic to the
bacilll are used, thus making culture and animel inoculstions
possible.

The first attempts to concentrate specimens were by
Biedert in 1896 and Hulhsuser and Czaplewskl in 1891 using
0.2% sodium hydroxide as the digestent., Further attempts at
concentration were reported by Ellerman and Erlsndsen (1908)
using sodium carbonate and by Uhlenhuth and Xylander (1909))
using antiformin. Both these solutlons were toxlec to the
tubercle bacilll and were restricted to microscopic exam-
inetion, Antiformin, a product containing sodium hypo-
chlorite, was used extensively until 1915 when Petroff (1915)
reintroduced sodium hydroxide. This method became very pop-
ular because the concentrsted speclizen could be stasined for

microscopy, cultured or inoculated into enimals., Corper and



Uyel (1927) reported the sodium hydroxide method to be
decidedly superior and in general use as the most satlsfac-
tory method of obtalning primary cultures from contaminated
sources.

Research was continued in two dlrectlons. Some
sought conpounds which would digest the specimen with less
effort and at the same time would concentrate without alter-
ing the staining properties of the bacilli. This method
would meake use of wmicroscoplc examinstion. Petroff and
Schaln (1939) introduced the use of tergiltol 08 in conjunc-
tion with sodium hydroxide. Petroff end Schain (1940)
reported better success with javelle water ( a hypochlorite
solution) plus tergitol 08. The use of Chlorox, a commercial
preparation of sodium hypochlorite, was introduced by Oliver
and Ruesser (1942). Hypochlorites produced efficient
concentration but were lethal to the bacilll, Reports have
indicated the superiority of the concentreting sbility of
these hypochlorites (Cameron snd Castles, 1945a, 1945b;
Schain, Maegdalin and Russo, 1942; Nagle, Lazarov and Willdlb,
1944; Tarshls snd Lewis, 1949; Corper and Nelson, 1949).

Other researchers continmued to seek compounds which
would digest with less effort and still leave the bacilll
viable for culture znd animal Inoculations. Corper and Uyel
(1927, 1930) reported the use of minersl acids and oxalic

acid., Hanks, Clark snd Feldman (1938) introduced the



flocculation method using alum in conjunction with sodium
hydroxide for sputum. In 1940, Hanks and Feldman (1940)
introduced phosphete flocculation for urine specimens.

Corper and Stoner (1946) reported the advanteges of using 10%
trisodium phosphate as & digestant. Although Beattie (194D)
reported 10% trisodium phosphete was more lethal to the
tubercle bacilli than some of the other methods, the reports
by Van Vranken (1947), Mitchell, Jefferies and Stucker (1948),
Mullehy (19850), Gifford, McKinley and Hunter (1951) have
mentioned its superiority and advantages. Spendlove,
Cumnings and Petnode (1949b) and Peizer, Chaves and Widelack
(1954) reported equal efficlency for sodium hydroxide and
trisodium phosphste as digestants.

Hand shaking of the specilien 1s lnadequate with all of
the digestents mentioned (Smith, 1951). For thorough
homogenization, a shaking machine as suggested by Steenken
and Smith (1942) was advised.

According to Hewirko end Murray (1954), Couratte-
Arnaude introduced the flotation technique in 1903 using
ether. Iigroin was introduced by Lange and Nitsche (1909).
In 1916, Kreuss and Fleming (1916) introduced gasoline.
Chloroform was reported in 1924 by Andrus and Maclahon
(1924). Because chloroform 1s heavier than water, it is
found on thne bottom of the liquid but the idea is essentially

the same. J. E. Pottenger reported the use of xylol (1931)).



The last new hydrocarbon was reported in 1943 by Kelso and
Gelbreith (1943) who used toluene.

Pottenger (1948), Smith (1938a, 1938b) and Nagy (1939)
claimed the hydrocorbon flotation techniques to be o very
efficient method. Using this method, they found & 060-80 fold
adventage over the direct smesrs. However, the use of hydro-
carbons lethal to the tubercle bacilll limited the examina-
tion to microscopye.

Hdowirko end iurray (1954), using oils ce flobation

!.,.-

agents, reportel thet oll partition provides a rsliable
metood of coliection based on ths hydrophebic and lipophiiile
properties of mycobacteria. This ils true even wien centri-
fugetion feils to collect small nunbers of bacilli.

Another flotatlion methiod wes reported by IFelson
(1920), This method made use of sclium ehloride in increase
the specific gravity of the specinmen so that the bLecllll
would fluost on top. This method hes not been of any partic-
ular value,

Many other conceantrstion substances have been descrid-
e and used., Some of them are; aluminum hydroxide cream
(Saelhof, 1924), sodium carbonate-phencl (Greenfield and
Anderson, 1919), sodium carbonate~phenol-autoclave (Kaphsel
and Zldrige, 1920}, alcohol precipiteted .srotein as g
secimenting agent (Stesnken, 1940), and calcium oxslate

precisltation (Happaport and Hosenknopf, 1948).



The uge of engymes have been reported by various
workers. These include pepain (Sulllivan esnd Serrs, 1939),
pepsin (Gerundo, 1942) and trypsin (Heynes, 1942).

Various workers have found that ordinary centrifugsl
specds do not completely sediment the tubercle bacilli.
Hanks, Clark &nd Feldmen (1938) used an slum flocculation
technique and found bacilli in the supernatant fluild which 1s
usuglly discerded. They reported there were instances whars
more bacilli were found in the supernastant fluld than in the
se.iment. Agein in 1939, Hanks and Feld man (1939) reported
tubercle baecilli cannot be efficlently concentrated by direct
centrifusetion. Hata, Venters and Cummings (1950) found
sputum cultures made without centrifugation were about as
efficient as those prepared after centrifugation. KRobinson
and Stovaell (1941) compared verious methods of seuimenting
tubercle bacilli in sputum and found that only chloroform
aided sedimentsation to any degree, Klein, Haltz, Cumnings
and Fish (1952) concluded from thelr experiments that centri-
fugetion of digested specimens at 3000 rpm for 15 minutes is
not a very efficlient method for concentrating tubercle
bacilli,

The above reports mey possibly be due to the speciflic
gravity of the tubercle bacillus. Silverstope (1948) deter-

mined the specific gravity of tubercle bacilli and found

them to range from 1.07 to 0.79, with a mean value just
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below 1.00., The specific gravity of 4% sodium hydroxide is
1.04 and that of 10% trisodium phosphsete 1s more than 1.06.
The specific gravity of the tubercle bacilli must be greater
than that of the material in whieh they are suspended if
they are to be precipitated by centrifugastion.

Verious authors have claimed speclasl merits and
eff{iciency for thelr own modificetions of the concentration
technique., BSodium hydroxide and trisodium phosphaote appear
to be the most popular materials today because contamination
is lesscned, digestion of the specimen is good, anc the
concentrated materiasl may be stalned, cultured or inoculated
into aniuels,

The ideal concentratlon method would then involve a
substance which has gpod digestion and decontamination
powers, can conoentﬁate the material as the hydrocarbon
flotation method clalmed to do, and leaves a2 residue for
culture and enimal inoculation without loss of viability of

the organisms,



III. MATERIALS AND METHODS

A. The Organisms,

The following stock strains of liycobacteria were used
es test organisms: M, phlei, M. smepmatis, Birkhaug strain
of BCG, and an attenuated human strein, H37RKa. All cultures
were obtalined from the Communicable Disease Center, Atlantae,
Georglia. Subcultures were made monthly onto ILowenstein-
Jensens media., When bacillli were used from broth cultures,
T8 Broth Base (Bacto) with Bacto Dubos Medium Albumin was

used.

B . Cultul“ s HMed ium .
The culture medlium useu in the experlments was the

Jensgsen modification of lowenatein's medium. It contalned the

following:

A, s8alt solution 1 flask
monopotassium phosphate 2.4 gm.
magnesium sulfate 0.24 gn.
megnesium cltrate 0.0 gn.
asparagine 3.6 gm.,
glycerol 12,0 gm.
distilled water 600.,0 ml.

B. potato flour 0.0 gm,

C. homogenized whole eggs 1000.,0 mil,
D. malachite green, 2%
aqueous 20.0 ml,
30 grams of potato flour wes added to one flask of salt
solution and the mixture was autoclaved at 121° C. for 30

minutes.,
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Two dozen large, grade AA eggs were cleaned by scrub-
ing in a 5% soap and soda solution. They were then left in
the sogp and soda solutlon for 30 minutes after which they
were rinsed wlth cold water untll the water was clear. The
eggs were broken into a sterile flask, beaten with a sterile
ege beater and filltered through three layers of sterile
gauze. The homogenized egygs were adde. to one flask of the
potato~-flour-selt solution mixture which had previously been
cooled to room temperature. To this was added 20 ml. of a 2%
aqueous solution of malachlite green. After thorough mixing,
tne medium was left standing for one hour at room temperature.

The medium was tubed Into sterlle one cunce prescrip-
tion bottles, 7 to 8 ml. per bottle. The medium was solid-

ified by inspissation.

C. ©Solvent.
The normal hexsne usec extensively in the experiments
wes commercial grade n-hexane mesnufactured by Phillips

Petroleum Company.

D, Toxicity of Solutions.

To 2 cc. of the solution to be tested, a small loop of
bacilli grown on Lowensteln-Jensen medlis was added. The
bacilli-clunps were vroken as much as possible with a wire
loop and then with a sterile glass rod. After the desired

contact pericd with the solution to be tested, a sample was
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taken end 1noculated onto medis to serve as a control. Two
cc. Of n-hexane was added to the bacllli-water mixture and
this was shaken for an additionsl 10 minutes. The content
was poured into a sterile separstory funnel. Within 5
minutes 2 distinct layers formed as the n-hexane sepaﬁatad
from the water. The solution was separated into three
portions: (1) water, (2) n-hexane and water at the miniscus,
end (3) n-hexane., The n-hexane was pipetted from the top of
the separatory funnel to prevent any washing action which
might plck up beeilll sticking to the glass surface. A
capillary pipetteful (approximately 0.5 cc.) of each solu-
tion was seeded onto medie. After washing the medla with the
solutlon three or four times, the excess n~hexXsne was withe

drawn and discarded,

P, Determinstion of Optimsl Sheking Speed.

A small loop of baeilll wes mixed with 10 cc., of
sterile water on a mechanicael shalker for 10 minutes usinga
Internatlional centrifuge equipped with a shaker heed. One=-
helf cc, of this suspension was pipetted into four bottles
(a, b, ¢, d) containing 10 cc., of sterile water. The four
bottles were shaken for 5 minutes, after which a capillary
pipetteful was seeded onto medias to serve as controls.
Bottle (a) was shaken vigorously by hand for one minute,

rested two minutes, shsken 2 minutes, rested 2 minutes and
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then sheken for an sdditional one minute. Bottle (b) was
sheken et 9 rpm for 10 minutes on the converted centrifuge.
At thils speed the two layesrs did not mix well., Bottle (c)
was shaken at 12 rpm for 10 minutes. Agitetion and mixing
of the 2 layers were good, Bottle (d) was shesken at 15 rpm
for 10 minutes. Thils involved very vigorous shaking.

After shaking, the solutions were poured into separa-
tory funnels, After 5 minutes, the two portions separated.
Many times, the n~hexane layer contained two portions: the
upper layer which was clear and the lower layer winich was
milky and bubbly. Therefore, the n-hexeane layers were
checked for bacilli in both the upper and lower layers. The
different leyers of n~hexane was ncticed only during this

experiment.,

G. Determination of Optimal Shaking Time.

A smell loop of bacilli was introduced Into a screw-
capped bottle conteining 10 ce. of sterile water. This was
shaken vigorously for 10 minutes on the mechsnical shaker.
One-half cc. of this mixture was plpetted into three bottles
containing 10 cc. of sterile water., Thls wss then shaken for
5 minutes., A sample was taken and seedec onto meuls to serve
as a control. Two cc. of n~-hexane was added to each bottle
and the bottles were shaken by hand for the desired tines.

A cepillary plpetteful of the meterlal was then seeded onto

media.
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H. Vaglue of Multiple Extractions.

A small locp of bacllli was added toc 10 cc. of sterile
water in a screw-cgpped bottle., Two cc. of n-hexane was
added. The suspension was then shaken for two minuteg. The
n-hexane was seeded onto medula, Ancther 2.0 cc. of n-hexane
wes added end shalken as before., This procedure was repeated
three times, Following each shaking, the n-hexane was seeded
onto media. The excess n-hexane was withdrswn and discarded.
I. Comparison of Sampling Time and Shaking Time From
Suspected Tuberculous Materisls.,

To the specimen, an equal volume of 4% sodium hydrox-
ide was added. The sample was homogenizeld cn the mechanlical
sheker for 10 minutes., It was gllowed to remaln gt room
temperature for an additional 10 minutes. The sample was
centrifuged at 3000 rpm for 15 minutes. The sucernstant
fluid wes discarded. Four per cent hydrochloric acid con-
teining phenol red was sdded drop by drop to the sedlment
until it was slightly acid (yellow). It was back titrated
with 4% socdium hydroxide until the sediment just turned to
a persistent pink color. The sediwment was then inoculated
onto culture media. Ten cc. of sterile water and 1.0 cc. of
n-hexane were then added to the ssediuwent and the mixture was
sheken for the deslred time, The n~hexXane leyer was seeded
to media after the separation of the twoe layers. ALny excess

n-hexaie was withdraswn and discarced,



J. Compgrison of Samplling Time and Sheking Time Fromnm

Tuberculous Materials.

These specimens were received from patients previously

found to harbor the tubercle bacillus.

below as to the msthod,
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IV, RESULTS

A. Preliminary Investigstions With M, phlei.

The iﬁitial experiments were conducted with M. phlel
because of 1ts fast rate of growti: and its bright orange
pigment. The first experiment was conducted to determine
whether or not a substance could be found which could
concentrate the Lucilll by the flotetion method and still
not kill then.

The flrst series of chemlcal reagents used was:
acetonitrile, n-hexene, amyl alcohcl, butyl alcohol, amyl
acetate, benzene and anisol. They all ad in common the
property of immiscibility with water. Physiological saline
was used for the control., After 10 days of growth, all
tubes were negative except n-hexane and the seline control,
Good growth apnesred with both solutions. his indiceted
that n-hexane might be the concentrasting agent desired.

Comparison of the toxicity of n-hexane with 4% sodium
hydroxide, 10% trisodium phosphsete and 5% sulphuric acid wsas
determined. After a contact perlod of filve, fifteen and
thirty minutes, a capillary pipetteful (approximstely 0.5
cc.) of the test solution was seeded onto media., Growth was
very heevy efter 10 days following exposure to 10% trisodium
phosphate, n-hexene and the saline control. The above

solutions dld not need neutralizetion. Four percent sodium
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hydroxide and 5% sulphuric acid were negestive in all three
exposure periods. However, since these solutions had to be
neutralized, a second experiment was conducted so that the
final volume of all the solutions would be the same. The
results from this experiment showed essentlially the same
thing. Ten percent trisodium phosphate, n-hexanes and the
saline control had heavy growth whereas only 2 colonies
appeared with 5% sulphuric acid and 8 colonies sppeared with
4% sodium hydroxide. |

The elassification of growth used throughout the
experiments are as follows:

AAEF growth throughout the media
AEL /4 of media with growth

AF 1/2 of medla with growth

£ 1/4 of medla with growth
0-40 actual count of the coluinles.

Among hydrocarbons which have been used in previous
flotation techniques are chloroform, Xylene, benzene and
ether. The toxic effect of these hydrocerbons upcen M. phlel
was Getermined. Ten percent trisodium phosphate was used as
the control. The growth was observed for seven days. The
results are swmarized in Table 1, Although the control
showe. very hecvy growth, there occurred only sperse growth
in ether and benzene, After one hour contact, all hydro-

cerbons were found to be toxic except n-hexasne which showed



TABLE 1.

UPON M, PHLEI.

TOXICITY OF VAKIGUS HYDROCAKBONS

7 DAYS GROWTH

19

exposure | chloro- 10%
time % form xylene | bengene | ether |n-hexane | NazPOy4

15 min. 0 0 1 col. | 2 col.| JAAA yrye

30 min. 0 1 col, 0 2 col. AR

1 hour 0 0 0 Q AAE

2 hour 0 0 0 0 A AAAF

20 hours 0 0 0 0 A 1 col.

0 = no growth



better growth in 24 hours than the 10% trisodium phosphate
control,

Following ths Information that n-hexane was only
mildly toxic to M. phlei, it wes necessary to determine
wiiether n-hexene would be a good concentrsting agent. A
suspension of M, phlel wss made from bacllli growing on
Lowensteln~densen media, Dilutlons were made rsnging from
100 to 10-7. The results indicated that concentration
could be achieved, This fact became more obvious as the
dilutions were increased. The results are summerized in
Table 2.

Because of its concentrating sbility and mild toxicity
with M. phlel, it wes declded to use n-hexane for further

studies with M. smegmatls, BCG and H37Ra.

Bs Toxicity of the Solutions.

M. smegmatis was mildly affected by the exposure to
n-hexane and 10% trisodium phosphate but the amount of
recovergble bacilli was decreased after exposure to 4% sodium
hydroxide for a period of 20 minutes (Table 3).

Table 4 shows that H37Ra end Tegble 5 shows that BCG
were mildly affected by the action of n-hexane,

In comuaring n-hexane with the other hydrocsrbons, it
was found that chloroform, Xylene, benzene and ether were

very toxic to M. smegmatis, BCG and H37Ra. No growth was



TABLE 2., CONCENTRATION ABILITY OF n-HEXANE ON

VARIUUS DILUTIONS OF M. PHLEI. 7 DAYS GROWTH

Dilutions n-Hexane Water Control
109 H#f A HAA
10-2 FAHF £ FEFE
10-4 A £ FF
10-5 AEAE 6 col. o
10-° AEEF 2 col. A
10=7 // 3 col. | 14 col.

% Leaked in shaker



TABLE 3.

4% NaOH TO 3., SMEGMATIS.

TOXICITY OF n-HEXANE, 10% NazP04 AND

7 DAYS GKOWIH.

n-hexane

10% NazPOgq

exposure time

15 min. | 30 min, lAEE?r 2 hogg;=
Hi | A H y
Mt | M| A

20 hour

£

4% NaOH 1 colony after 20 minutes exposure
TABLE 4., TOXICITY OF n-HEXANE, 10% NazPO4
AND 4% NaOH TO H37Ra. 28 DAYS GROWIH,
exposure tlme
15 min. | 30 min. | 1 hour | 2 hour | 20 hour
n-hexene H HE| M| S /
104 WezPO4 £ & col. | 18 col.

49 NaOH

£ after 20 minutes exposure




TEBLE B,

AND 4% NaOH TC BCG.

28 DAYS GROWIH.

TOXICITY OF n-HEXANE, 10% NazPO4

n-hexane
10% NazPOyg
4% NeOH

exposure tlme

16 min. | 30 min.| 1 hour |2 hour | 20 hour
He | / y /
P4 6 col. | 18 col.

A£  growth after 20 minutes exposure

23
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found even after 5 minutes exposure to the hydrocarbons., The
results showed that the hydrocarbons were more toxic to the

other mycobacteria than to M, phlel.

C. Sampling Level.

Experiments were cerried out to determine where the
bacilli might be found, i.e. the lower layer, middle layer,
or throughout the n-hexane, This determinetion wes msde with
a ssmple having very meny bscilli snd snother sample which
had only a few bacilli. It was necessary to know if there
would be any difference when the amount of bacilli present
waes different. As was expected, the experimentsl results
showed bacilli to be most readily found at the juncture of
the weter and n-hexesne. It was expected becsuse it was
already known thst bac¢illi would go to the n-hiexane snd be-
cguse the snecific gravity of the tubercle bacilll is near
1.0 (Silverstope, 1948) and the specific gravity of n-hexane

is ,089.

D. Deteraminstion of Optimal Shsking Speed.

During the experiments with M., smegmetis, BCG and
H37Ra, there occurred g consistent decline in the number of
recoverable bacilli. The shakling time and shaking specd were
thought to influence the resction so these factors were

evaluated. M. phlei was used as the experimental organism
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because of its fsst rete of growth.

In determining optimal sheking speeds, it was decided
to check the regction obtained with shaking of the specimen
by hand and using three different speeds on the mechanical
shsker (converted centrifuge). The actual speeds were not
determined. From visual observations and the speeds which
the centrifuge was turned on, 1t was shown that the following
occurred:

hand shaking moderate shaking and mixing.

9 rpm no agitation, very little mixing of
(900) n-hexane and water.

12 rpm good agltation with thorough mixing.
(1200)

15 rpn vigorous agltation with thorough
(1500) mixing.

In this experiment, it was noticed that n-hexsne had
two dlsftinct layers, a clear portion at the top snd a bubbly,
milky lower layer. It was declded to checkiboth the upper
and lower layers fdr bscilll,

The results indicsted vigorous hand shaking for one
minute was as good ss shaking on a mechsnicel shesker with
moderate snd vigorous shaking. The material was seeded
immediately after shaking., The experiment revesled that the
greatest concentretion of baecilli were found at the lowest
portion of n-hexene., The results are similar to that found

in Experimnent C.
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When the samples were slliowed to slt for 10 minutes
after shaking, there was g more marked difference between the
n-hexane and water. This Indicated that allowlng the
solution to sit for 10 minutes after shaking increased the
concentration potential of n-hexsne.,

In one experiment to determine optinal sheking speed,
the Inoculum was so diluted that 211 tubes were negative
except the n-heXsne tube which showed a few colonies,

In determining optimal shaking speed with M. smeg-
metis, the sample was divided into three portions (a, b, c)
and sheken as follows:

bottle a  hand shaken for one minute.

bottle b 12 rpm, 5 minutes on the shsker.

bottle ¢ 15 rpm, 5 minutes on the shaker.,
No determinstions were done with 9 rpm because previous
experivents has shown actual mixing of the flulds was
necessary to transfer the bacillli from the water phase to
n-hexsne. Actual visual spoed showed very little ggitation

or mixing at 9 rum.

E. Determinstion of Optimel Shaking Time.

Vhen vigorous shaking by the mechenical shaker was
tried, there was leaksge of the msterlal quite regularly.
This occurred even though the lids were screwed on as tightly

as possible. As the concentration of bacilli were found two
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be equally efisctive with shaking by hand, the optimal
shaking tlmes were determined by the hand shaking method.

The results from the experiments with M., phlei showed no
apparent ¢ilfference in concentratlon of the bacilli by

shelking by hand for one or two minutes.

F, Value of lultiple Extractions.

The results with M, phlel and M. s:egmetis showed

hesvy concentration with each of three extractions., Although

the first extrsction produced as much or more than the
subsequent extractions, the other extractlons still showed
AAAL growth when the controls showed only A growth. This
would indicate the possiblility of n-hexane having a limited
rescting surface. (See Table 6a).

Semples of H37Ra and BCG showed again thrt the initial
extractions give the most concentration. However, as the
number of bsecllli is diminished, the concentrating potentlal

appears to diminlsh also. (Table 6b).

G. Hand Shaking of Suspected Tuberculous Speclmens,
Following the routine treatment of suspected tuber-
culcus specitens, they were shaken by hand for one minute,
rested 2 minutes, shaken one minute, rested £ minutes and
then shaken for an sdditional minute. A total of 42
specimens were studlied. Of these specinens, there were 2

gostric, 2 urine and 39 sputum. Thirteen were positive for



TABLE 6a.

ND M. SMEGHATIS.

MULTIPLE EXTRACTIORS WITH M. PHALEI

7 DAYS GROWTH.

extraction M. phlel M. smegmatis
1 FAHE FHF
2 HH A
5 HH Hif
TABLE 6b., MULTIPLE EXTHACTION WITH BCG
AND H37Ra. 28 DAYS GROWTH.
extrsctlion sanple BCG H37Ra
1 n-hexane /ﬁf/ AAL
water
2 n-hexane /iﬁ/ AL
water 3
3 n-hexane /é/ pyi
water £ £
4 n-hexane contan.
water 20 col.

28



29
tubercle bhacilli with the n-hexane trecatment snd only 1l were
positive after 4% sodium hydroxide treatment. 7The results
ars tebulated In Table 7.

Of the 42 speclmons exgminer, only 2 did not agree,
The n-hexsne trested ssecimens in both cases hed 2 colonles
vhereas the 4% sodium hydroxide method showed none. Both
specimens positive by the n~hexane trestment were from
tuberculosis patients known to be harboring the baeilli.

lland shsking wlth n-hexane nroduced eugonic colonles
(5-7 rm.) when only a few colonies were found. When only s
few colonies were found after 4% sodium hydroxide treatment,
the colony size remalined the usual size (1~-2 mm.).
H. TUse of the Mechanlical Shaker on Suspected Tuberculosis
Specimens.

The use of hand shaking gove encouraging results.
However, it become tiresome to sheke the specimens, Up to
this time, there appeared leakage of the specimen when 1t was
shaken so that thorough mixing of the sputum concentrate with
the n-hexane occurred,

It was decided to use rubber liners in plece of the
plasticlzed paper liners previously used., Preliminary work
with rubber liners usling M, polel geve no evidence of leskage
at the highest wmixing speeds previously used.

The segrmles for the first serles of determinations

woere shaken for 10 minutes on the mechanical shaker set at



TABLE 7. HAND SHAKING OF SUSPECTED TUBERCUIOUS

HATERIAL, (ONWLY POSITIVE SPECI EHNS TABULATED).

laboratory 4% NaOH
nunber n-hexane routine
463 (g) 1l 1lg col. 1 sm. col.
459 HAAF FHF
470 35 col. 40 col.
472 10 col. 6 col.
475 (g) 3 1lg col. 4 sm., col,
523 FHE FHf
555 HH Hi
556 e yy;
557 M A
565 2 lg.col. . neg.
568 2 1lg. col. neg.
570 Hif Hif
571 HH o

(g} gastric (sm) small (lg) large
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15 rpm. For this study, 139 specimens were used. Only 12
were found to be positive Ffor tubercle bacilli with the 4%
sodium hydroxide method. Only 8 were positive with the
n~hexane trestment, There were no eugonic colonies. Of the
139 specimens, there were ¢ gastric, 1 urine, 1 spinel fluid
and 131 sputum. The results are summarized in Table 8,

The results using n-hexane on the basis of this exper-
iment did not eppesr fruiltful. In almost every cese, the
number of bacllli found were small with the n~hexane method.
The loss of baseillll may possibly be attributed to the fact
that the increased tilme and sneed of agltstion may have
caused the quicker death of the bacilli. Previous toxlcity
tests with n-hexane were determined without egitation. The
toxic effect of n-hexsne may heve been Increased by sheking.

0f 44 specimens shaken this time for 5 minutes, 9 were
positive with n-hexane, 11 were positive with 4% sodium
hydroxide. As can be seen in Table 9, the results indicated
that the method was lmproved by a few varistions., Gtost
noticeeble was the fact thst the n-hexane method was prod-
ucling hesvier growth. The mein discrepancies occurred with
numnbers o2l and 623. Notes jotted down st the time of the
experiment showed four specimens (including numbers 621 and
623) remained in contect with the n-hexane for a period of
4 hours after the preliminary treastment. The results

indicated thet 1f single bacilll were expused to n-hexane for



TABLE 8. 10 MINUTES SHAIING OF SUSPECTED TUBE

RCULOUS

MATEKIAL. (ONLY POSITIVE SPECIJENS TABUIATED).

laboratory 4% WaOH
number n-hexane routine
724 FF HF
75 neg. £
834 neg. £
879 1 col, AAAE
919 neg., 3 col.
002 AAA FHE
056 neg. 8 col.
138 # FrH
172 neg. ya
251 A FhH
262 1l col, 4 col,

32



TABLE 9., & HINUTIES SHAXING TIME OF SUSPECTED TUBERCULOUS

HMATERIAL. (ONLY PCSITIVE SPULCIMENS TABULATED).

laboratory 4% NaOH
number n-hexane routine

.
413 A #

558 FHf F
587 FHF LHF
588 HAF #
603 FrF FAEF
604 1 col. pes
605 L ALFF
606 LA FAAH
621 neg. FHF
625 neg. FE
628 FHAF #E

LEEE  more growth than ALL4
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4 hours, it would become guite susceptible to the toxic
efifectss The toxic factor mey be due to the sheking with
n-nexane sad lesving for four hours or it msy be the 4%
sodlum hydroxide~n-hexane trestment making the bacilll more
susceptinle to the prolonged n~hexane treatment. The effect
of 100 units of penicillin per cubic centlmeter of the
concentrated vacllli may be another factor.
I. Comperison of Sampling and Shsking Tlmes From Suspected

Tuberculous Specimens.,

A variety of times and walting periods were studied
wlth pretrested gnecimens,

Of 47 specimens studled at 1 minute shsaking and 30
minutes rest, 4 were found positive with n-hexane snd 3 were
positive with 4% sodium hydrozide. However, the results were
felt to be within experimental errvor as number 533-n-lhiexane
had only one colony and the routine had none,

Forty speciluens were studled with 1 minute sheling and
15 minutes rest. The n-~nexane concentration gave 6 positives
while the 4% sodium hydroxide method showed 9 positives.
There were no apperent difference betweon the two.

With 15 seconds shaking and 15 minutes rest, 7 were
found positive with n-hexane and 9 were positive with 4%
socium hydroxide. A total of 40 speclmens were studied.

Forty specimens were studled at 1% seconts shaking and

30 minutes rest. The n-hexane showed 13 positlves while 4%



sodiuwn hydroxide showed 14 However, this shaking time and
speed plus 30 minutes walting before seoding to medis gave
difierent results., Vhereass the routine had the usual colony
characteristics, all 13 positives with n-hexane showed
eugonic growth, Bugonie colonies had been found with hand
shaking for 2 minutes and 15 seconds sheking plus 15 minutes
rest but they did not grow es eugonlic colonies consistently.
J. Comparison of Sampling and Sheking Times From Previously

Diggnosed Tuberculosis Patients.

secause the previous speclmens were studied from
semples already concentrsted with 4% sodium hydroxide with
notential injury to the bacilll, it was decided to study
speclimens from patlents formerly diasgnosed as having active
tuberculosis. The dilution of the speci ens were based
upon the approximate numoer of bacilli found in their 1ast’
specimen to the laboratory.

The sputums were decontaminated with 4% sodium hydrox-
ide for 15 mimutes., The msterial wes diluted and then
trecsted according to the protocol discussed under ilsterials
and liethods, page 16.

Four speclmens were not suumncrized in Teble 10
because one wss negetive (diluted too fer) and three others
shovwed ALAL growth in every tube. Sample number 1 and
munoer 4 anveared to give most bacilll when checlted immed-

istely following n-hexsne shaking. Samples mnmbered and 3



TABLE 10,
PATIENTS PREVIOUSLY DIAGNUSED FGR TUBERCULOSIS.

COMPARISON OF SAMPLING AND SHAKING TIHES FROM

shaking resting
tine tiue
(ﬁil’l. :? A B ¢ D
. co:rllgrol '25{:01. ’g[ %g 223]:: /él
e 53 F /f/ 30 col. £
control A £ 30 col.
e T4 g B 4
30 # /
|75 1414 2| 4
15
5 7 74 f i
10 min. cojéml 8,4)%01' ,’Z 7 E?)i A
neg.
g 4 |
control 4 AL P
sediment AA AAAE 43 col.
n-hexane A AALL £
sec iment-hexane| 26 col. | ALLL y94
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appesred to give most bacilll after 15-30 minutes wait. The
results were not conclusive as to the desired sheklng and
walting times.

From bottle E, the results were again not conclusive,
Where the control had AL/ growth, both the sediment and
n-nexsne nhad ALAE growth. However, where only £ growth was
observed wilthx the controls, tihe seciment hsd greater growth
in one samnle and the n~hexane had grester growth in the

other.,



V. DISCUSSION

A sorrch for g cultural test which can detect small
numbers of tubercle bacllli is a given sam-le wos conducted,
The use of hydrocsrbon flotrtion of the tubercle bsellli has
been reported to be a nmore efficient method than that of
centrifugeticn or flocculation methods. Vhen hidrocarbon
flotation was used as the concentrating technique, growth
could not vbe obtesined due Lo the toxiecity of the hydro-
carbons, The material hed to bhe stained on & glrss slide
and the nresence or absence of acid-fast bacilli determined.
Of the present diagrnostlic methods, microscopy is the least
efficient. Therefore, it would be desirsble to achieve
concentration and have cultural evidence as well.

Preliminary studies using ollve oil 2s the water-
insoluble liquid showed tubercle bacilli could bhe found in
the oil. lowever, it wos found that only 25% of the bscilli
grew on culture when compared with the control. The above
results were obltained wilth machine shakling for 10 minutes.
ko beelllil could De found when sheken by hand for 2 minutes.
There was difiiculty in spreasding the oill onto medlia and the
oil would not evaporrte away. The oil tihrt was left in
contect with the medls apoesred to hinder the growth of the
tubercle beclilli,

In the flotstion technique, 1t was desirsble to find

e ligquid which would meet the following chsracteristics:



59

1. J1mmiscibility with wster

2. specific gravity less then 1,0

Se vVolatiie

4. not toxic to mycobacteris

S cheapr and efficlent
In the first series of solutiocns tested, it was found that
n-hexane was not very toxic to li, phlei., The other water-
immiscible llquids used (ecetonitrile, amyl alcohol, butyl
alcohol, amyl scetate, benzens and anisol) were all quite
toxlie to the bacilli,

Using M. phlel as the test organlsm, it wes found that
lgrge numbers of bacllll pave evidence that n-hiexane was not
an efficient concentrating agent, Hacllli could be found in
both layers. Uhen the concentrating ability of n-hexane was
determined with varlcus dilutions of M, phlel, dramatic
results were obtained. 2As the dilutlions were increrssed, the
water portion (water left after n-hexsne treatment) had the
least growth, the control showed llttle growth, and the
n-hexane tube contsined tire hesviest growth. This indicated
that a giver volume of n-hexane mey have the cavaclity to
ettract only a glven number of bacilli when they are in great
numbers, It is possible theat n-hexene had attracted all it
could per unit volume with more bacilli still evailsble.

Up to the present time, no mention has been made in
the liter-ture concerning the use of n-hexane as a possible
concentrating agent. If the flotation technique was superilor

to centrifugation as suggested by some authors, it was felt
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that n-hexene might prove to ke the successful agent,
Ixperli-ents were conducted to determine the optimal

sampling level and the toxlclty of a variety of solutions on

s smogmetls, 200 ana H37Ha., It wes declded from these
cxperlients thet n-hexane should bs ed in further tecsts.

Y -

It wag glso found that the beelilli could be Lfound zost

roat lhe botlom of the n-hexane layer. The

'4

concentr ting ability of n-hexane was essily demcnstrasted

with I, pilel and M. smegaetig. With [CC and I3%Ha discrep-

®

encies in results were obbtsined,

check wie toxicity of n-liexane upon M, phlel, M.

B0G sna HSTha. It was egein found thabt n-hexane wes not very
toxic after an exposure veriocd of 2 hours. dowever, evidence
of toxic reactlons were found after 24 nours eXxposurs. The
only differcnce between the btoxiclty studics and the study of
tiie concentratlng ebllity of n-hexene was the ghaking necded
for concentration. It asppeared from tiese experiments thst
n-nexane plus shaking did not lnjure li. phlel and il. sueg-
matis but was injurious to LG and [H37ha,

Toxicity studies with 4% sodlum hydroxide, 5% sulphur-
ic scid snd 109 trisodium phosphate showed the bacilli werse
affected leost by 10% trisodium phosphate for an hour contact
period, Four percent sodium hydroxide snd 5% sulphuric acid
Sine

were more Injurlious to K. phlei end M. cmatls then with
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BCG and H37Ra.

Toxicity studies with hydrocarbons previously reported
for the flotation methods were determined. All nydrocarbons
studied (xylene, benzene, chloroform and ether) showed toxic
effects after 10 minutes exposure to M. phlei, M., smegmetis,
3CG end H37Ra, Of the hydrocarbons studied, the toxic limlts
were reached wlthout shaking the specimens,

In determining optimael shaking speed and optimal
shaking time, it was found that hand shaking of the speclmen
was Jjust es eflfective as the use of a shsking mechine., The
shaking machine used was g converted centrifuge and the
sctual shaking speed was not d:termined., From visual obser-
vations, 1t was found that vigorous hand shaking was equlva-
lent to about 11 rpm on the scale of the International
centrifuye. Sheking at lower speeds gave inferlor results.
Shaking at a hipgher speed gave results similer to thet of
hand shaking, However, when shaken very vigorously (equiva-
lent to 1o rpm) leakage of the n-hexane occurred, This was
a constent feature and proved to be a potential health
hapzerd, The lids were screwed as tightly as possible but the
legkage continued. It was decided to use the hand shaking
methecd to avoid the hszards of the mechanical sheker. It
soon became apperent thet hand sheking would not be feasable.
It wes very tiresome to sheke the specimens, especially if

there were more than three. The optimel hand-shaking time



42
eprpearsd to be 2 minutes.

In using n-hexane, it was noticed thet eugonic
colonies apnesred quite freguently. In fact, when a positive
specinen was treatec with 4% sodium hydroxide anc then
centrifuged, the growth from the neutrallzed sediment showed
small colonlies. If this same sedinent was trested with n-
hexane, the resulting colonies were inveriably larger. There
were no appreclable difference in the type of growth when
there were numerous colonies.

Although the toxiclty studies with M, phlel and K,
smegmatis showed n-hexasne to be mildly toxlc to the bacilli,
this was not true for H37Ha end BCG. The varisble results
came about because sgll the n-hexane was seeded onto medla
and allowed to evapors=te away. 1t later became apparent that
the discrerancies arose because shaking of the specimers with
n-hexane had a deleterious effect upon BCG and H37Ra even
though shaking with n-hexane did not reedily affect the
saprophytes., This fector might indicete a difference in
surface configuration of the becilli.

Summing up the Tindings, it became apnarent that 5CG,
H37Ra and the psthogenic humen tubercle becilli all rescted
in the same way. They shared the following characteristics:
(1) Trhey readily go to n-hexane, (2) incressed shaking with

n-hexane caused s decrease in the survivel rate, (3) 4%

sodium hydroxide 1s slightly toxic when compared with the
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saprophytes, (4) 3% hydrochloric acid was slightly toxic, and
(5) all the nhvdrocarbons tested were toxie sxcent n-hexane,
The saprophrtes behaved in the followling manner: (1) go
readily to n-hexane, (2) sheking wlth n-hexane wes not very
toxic, (3) 4% sodium hydroxide was quite toxic, (4) 39
hydrocnluorie acid was quite toxlc, and (5) all the hydro-
carbong tested were toxic with z few exceptions on a tine
basis (Table 1, nage 19) with no spprecilable effect by
sheking with n-hexane.

With the 2id of ¥r. Donald Forsgren (1956), a chenist
for the Utah State Department of Health, the following facts
became known: (1) wettsbility by n-hexane indicates fetty
or waxy groups surrcunding the baclilli with wexes belng more
resdlly wet by n-hexane then fats, (2) susceptibility to
sheklng with n-hexane indicated chemicesl grouts thet can be-
come detached by the combined solvetion effeect ¢f n-hexane
end agltation. hesistence to n-hexane on sheking indicates
low solubility of the outer layer In n-hexane, 1t appears
that zechenical agitation cannot gffect the removel of
sufficient grouns to disturp the orgsnism, This is typilcal
of straight chein fats. (3) slight toxicity to 4% sodium
Iiydroxide indicetes strong seponificstion fsctor., (4) low
3% hydroechloric scid toxlcity indicates lack of or few amlno
groups in the bacterial layer. Suscentibility to 3% hydro-

chloric acld indicetes grester numbers of active amino
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With the cbove factors in wmind, it is --ssible to
visuelige BLG, HETRa end the humen tuberecle bgcilli as in
Figure A and the saprovpavytes sa In Pigurs o (-age 458).

It 1s termpting to give another possivnility to the
conrent of the pstiwgenleity of tubercle bacilli. If we
vieunlize the tuberele beellll with esters on thelr cutevw
surfaces, then the esterases in the clrculation of the
individuel ftakes on Iimportance. VWhen due to stress and
strain or noor nutrltion, 1t 1s possible thet the esterase
level in the blood decresses to the point at which all of the
esters of the tubercle bacilll will not he neutrelized.
Infection would then set it. This would nct necesserily
devend upon the "virulent mechanism" of the bscilli but act-
ually to its surfsce configuration snd to the reslstance of
the individuel. The surface configurstion may involve a
sneciflc ester on the metegbolizing bacilli.

Tt has been sald that the low saponificetion rate is
tyonicel of wexes esnd seems to be assocleted with the tubercle
bacilli, Hsterases would not be too effective ageinst o
costing of this tyre. This mey mean that when the estersse
level drons to the point where infection sets in, just the
bullding u- of the estersse level would not help., It would
be necessary to kill the availeble bacilli elso. The therspy

o

for tuberculosis patients 1s essentlally one of killing the



>
93]

1
+
N
Xz
3
side-chain
fats
FIGURE A

Presumptive Diagram of BCG, H37Ra and Human Strain
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FIGURE B

Presumptive Dizgram of the Saproovhytes
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“he sourophyses, which aprnoor L9
grouns, would not readlly cause disesse Decause ol the pre-
sence of specific esterases in the clirculetion and because
the body deflense mechanisms affecting hydrolysis of the
sretein wonld also be present.

The verlable pethogenlcity of the beeilll to different
animels olght be expleined from these factors. It is
posalble that ssecific esterases are present in the circu-~
letion. Hebblts are very resistant te humen tubercle bscillil
but are susceptible to the bovine strsin. Possitly the
rebbit hias an abundance of estersses for the hunan tubercle
bocilli, Isolntion of speciflc esterases and the dstermin-

,‘

ation of their normal levels In various species ol anlinmals
cculd furnish valusble information concerning the validity
of this hypothesis.

It would hieve besen helpful if the pethogeniclty of the

c111i, vefire and after n-hexane trsatment, could have

xﬂ

be
been cetermined.

Trhe normal hexane used in these experi-ents were Ifwrom
petroleun products. Possibly, different results may bLe
obtained by using synthetle normal hexsne.

To determine 1f the sctlon of n-hexane on the bacilll

wes due Lo a physical or chemical chenge would ve nelpful,
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Tt would he poszsible to deternine the change in the n-hexane
layer by Ianfre-red absorption ssectrum. If the asction of
i=hexans 1s due only to & physicel ch=nge therc would be no
chanpge in the n-hexene after shakiay with the breilll,

It is 9possible, as ststed In the book by thie fmerican
Foundstion (1955) thet "Virulence as apnlied to the tubercle

becllll is acguiring meaning iIn terms of srecific morsho-

an¢ metabolice charscteristics possessed by sone

o
iy

lopice

A

orgenisms but not by others."



VI. SUMARY

l. A study of the feasibility of the flotation method for
concentrating acid-fast baeilll with water-insoluble,
volatile liquids wes conducted.

2. Com:ercilsl grade n-hexane, manufactured by the Phillips
Petrolieum Company, was found to have the charscteristics of
the desired solution.

5. The toxic effect shown by n-hexane was mild to M, phlel,
i, smegmatis, BCG and H37Ra.

4, Shaking of the becillary suspension produced toxle
changes in 230G end H37Ra. M, phleil and M. smegmatls were
not affected by the sheking with n-hexene.

5. Concentretion of the becllli into the n-hexane was
achleved with shalting of the baclllary suspension with
n-hexane.

0., When the suspension was shaken for 15 seconds and allowed
to sit for 30 minutes before inocculstion onto me.ia, eugonic
growth (5-7 mm) grew readily. Waien the suspensions were
sheken vigorously for 10 minutes, the size and numbers of the
colony diminlshed.

7. A presuwnptive disgram of the vossible confliguration of
the tubercle bocilll and the saprophytes is presented.

8. A concepnt of the pathogenicity of the tubercle bacilli

based uron an ester-esterase complex is suggested,
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A study of the feasibillty of the flotation method
for concentrating acid-fast bacilli with some volatile,
water-insoluble liquids were conducted. Although most of
the solutions tested were toxic to the test organism (M,
phlel), n-hexane did not show these effects. In using
n-hexane in further tests with M, phlel, M. smegmatis, BCG
and H37Re, 1t was found that this hydrocarbon exerted very
little deleterious effects as judged from the growth on
Lowenstein-Jensen medla. The toxic effects appeared with the
shaking of the specimens with n-hexane. The saprophytes
(Mo phlel and M. smegmatis) showed very little effect from
being shaken with n-hexane. BCG and H37Ra was very suscep=
tible to being shsken with n-hexane.

The toxlc effects were more pronounced when the
specimens were shaken with n~hexane and all the n-hexane
seeded to media and allowed to evaporate away. While the
source of the toxic effect is unknown, the experiments
showed 1t may possibly be due to the shaking with n-hexane,
the prolonged contact of n-hexane with the bacilli after
shaking of the speclimen or the action of penicillin and
n-hexane after shgking the specimen,

A variety of shaking times and shaking speeds were
studied with suspected and known tuberculous specimens,

The specimens were concentrated by the 4% sodium hydroxide-

centrifugation method. When the sediment was seeded to



media, the usual type of colonles grew. However, when the
sediment was shgken vigorously for 15 seconds with n-hexane,
eugonic colonies grew. Some eugonlc colonies appeared when
the specimen were shaken by hand for 2 minutes. Generally
speaking, as the shakling time and shaking speeds were

increased, the amount of recoverable bacllll diminished,



