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Chapter 1
INTRODUCTION

Three general methods sre used, singly or in
cocbination for the diagnesis of tuberculosis in human beings,
Direct smear and acld fast staining Is the guickest and
simplest of these but by iteself the method is not very
reliable. éﬂinaa plg incculation has the disadvantages of
being expensive, having a8 long diecnostic time, snd not
highly reliable, Il seens censrally agreed that artificisl
culture methods are best, bhut still far from perfect, In
this dissertation s praesented & method of isclatien of
tubercle becilil from husmn sputun which is simple to perfern
and appears to be supsrior to any other methoed in use at
prasent,

The number of tubsrcle bacilli In the sputum of
an sctive case of tuberculosis may be very small and
fmpussible Lo find unless the sputus is highly concentrated,
The first step I3 to destroy the nucus, Yarlicus acids and
alkalies are commonly employed for this purpose, but a
consideralle proportion of the tubercle bgcilll are usually
killed in the process, Engymes such a5 pepsin and trypsin

have been used to digest the mucus and are less lethal for




the tubercle bacilli than the chemicels mentioned, For
several reascons explained Jater, pepsin slightly acidified
with citric acid seens tn be the engyme systenm of choics,
Having eliminated the mucus, the naxt problea (s the
concentration of the bacilli, This may be scconplished

In several ways such a&s centrifugation, and layering.

The last {9 & method of concentration fn a layer at an
interface of weter and a hydrocarbon, 7The most efficient
of these appears to be interface concentration by the uss
of pentans. The third probles is the extranecus bacteria
in the sputum, %here acids or aslhalies asre used to destroy
the mucus moat of these bacteris are slso Killed, Tnis

is not Lhe case where engymes are used, The pentane,
however, does noi concentirste the exiraneous Lacteria to
the same extent as the tubercle bacilll and, in fact, is
quite iethal for theam,




STATEMENT OF PROBLIM

To develop & method for the isolation of tubercle
bacilil from human sputus which is amcre efficient or
productive than the methods in use at present,

To review past work along this line,

To present Cconparative dats oblained with tha'auw

and old methodsa,




Chapter 11
LITERATURE REVIEW

Our problesm is threefold and the review i
organized fn this way. The processes are not alwavs
distinct, hence digestion snd decontamination are frequently
overlapping procedures,

Griffith (1914} used sodlum hypochlorite which
was called antiformin., To 1 part of sputum he added 1 part
of 10% antiforain, After 20 mlnutes at room tesperature he
centrifuged, decantied, wxshed and recentrifuged the sediment,
Later Oriffith (1916) found the washing unnecessary,

Petroff {1915) introduced the use of sodium
hydroxide, At this time he used 34 in e §t] ratio with
sputum, Lurle {(1923) used LA Na®™¥ which is stili used
extensively today,

Acld digestants were used by Lowenstein (1924),

He preferred 3% HCl and 6% Ha80u. Corper (1527) and (1928)
used 6% Ke30, in 111 retio with sputum for 30 minutes,
although the stated that WOl and NaCH were satislactory,
ﬁaécmb and Nﬁuﬁﬁ were not satisfactory to Corper, In (1929)
Corper found 6% oxalic acid more satisfactory than 64 Ha50).




In (1946) Corper adandoned scid digestion in faver of
10% HaBPﬂh‘ A grester proportion of tubercle bacilli
survived with the 1OW% %&g?ﬁa,than with any sgent he had used,

Sselhof (1924) recommended an alum hydroxide
¢reas couposed of 14 NHUH and lﬁ.alﬁﬁhtﬁﬁh§g to precipitate
the tubercle bacill! in treated spulum, He washed the
pracipitate until the water showed no residue on svaporation,
This methed was alsc used for cerebrosplinal fluld and
plevral fluid,

Steenken (1940) described & precipitating protsin
prepared from Berkefeld filtered pleursl (luld which was
alcohol precipitated and alcohel washed, The pratciﬂ‘wna
resuspended in 508 slcchel (50 mg dry wt/ml), and 1 @l of
the solution sdded Lo 100 ml of urine precipliated the
tubercle baciiit for ferther processing. |

Sometines decontanination seemed t¢ be more of an
oblective than recovery of tubercle baciiii, Ollver and
Rensser {19542) and Caneren end Castles {(1945) used "chlorox®
which is 154 NaOl and 208 NalCl), It lsfi no extranecus
materisl, which they considered hignly desirable, but
they adwitted it killed the tubercle bacillli,

Spendlove, Cummins, and Patnode {(1947) sade a
study showing the relative toxiclity of varlous digestants

for tubercle pacilll, A 3 week culture of HIVAv was used In
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dilutions to @kv« lﬁ“§ mg of tudbercle bacilli in sach tube
of Lowensteinwensen (L=)) mediun, The inoculs wers exposed
to the digestants tn a 1:l ratio at 37 C, The culture
tubes were ifnoculated from each digestlon &s scon as the
digestant was added (control), sfter LU minutes, 24 hours,
43 nours, 72 hours, The tetal number of colonles wete

counted after 5 wesks Incubation,

Centrol 68

4O min, 9 60 0 27 0 0
2 hes, 9 6 o 0 o
48 hrs, Nn 5 0 o 0
72 hrs, 7 ¢ 0 0 0

‘Bgcause of the possible protsction that sputum
w@mla give to tubercle bacilli, the experiment was repeated
with 10 positive sputa homogenized for 2 hours with @
paint shaker, Inoculationswers mede after 20 and LO minutes,
2 and 2 hour periods with 0,1 ml amounts of the digestions
for asach, A summary of thelr data on thils experiment i»

presented,




RaCH _Na POy r.:mus xm{ ,;;gcm wﬁ:;

20 min, af  of ¢ L / 400
40 min,. L ° # » * L0
2 hrs, ) © # 1000 1000 0

24 hrs, 1000 1000 1000 © 0 o

Innumerable colonles of acid fast baclilil

Contamination

Smith,Nishikan, Golden, Hoyt, Guss, Hlcetzel {1950)

used detergents for disinfection in general and for iscolation

of tubercie baciili. Armeen 4D (a2 detergent) wes lethal

to the organisms while 141 other detergents stedied including

nonfonic, cationic, and anionic compounds were not lethal,

in Japan, Hosays, and Soede {(31951), used two

hinds of deteprgents, oxvan (dimethylelaurylebengylecxyethyle

ammonium chloride) and laboran (cetyl-diethylemetihyleammonium

methosulphate), They treated the sputwe with sech detergent
tn 0.,5% solution for 4, 1, &, P &y hours, and obtained
gond growth on Petragnani and blood sgar after incubation

for 3 weeks with no apparent differences due to the time

of sxposure, COgpaws (1951) got better results with 0,5%
laboran than with &% HpS0,., Minoru (1953) homogenized
sputum with & flitrate of Bacillus fulmincus and 0,58 NelH,
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This was followed by treatment with 0,54 detergent (germinol),
and the media inoculated directly,

AJello {1551) found that most dicestants were jethal
to fungl, He used 4X MaCH for 10 mlnutes in a paint shaker,
A MaOM without mechanical shaking, 5% HaS50y, and 108 ﬁasPﬂh
as dlgestants on peoled sputun seeded with Blastouvces
dermatitidis, Candida sibicuns, Coccidioldes imnitis,

Cryptococcus neoforsans, Geotrichum cendidum, Histoplaswa
apsulatum, and Nocardias astersides, Exceptions to the

lethal effects of the dijestants on these fungl were few,
He Gutercides was feola ted from sputum In every test using
ﬁ:;?ﬂu but It didnot survive the other digestants,
Ce ulblcans was recovered in every case with the .80,
procedure, but it did not wurvive the sther digestants,
Cs _necformsns alune survived digestion with Hacd,
| Yegleon and Budd (1952) showed that S0% of the
tubercle baeiiii wers hiiiéﬁ in the first § minutes by the
4% NaCH method, They suggested that the "negative” culture
which is reported should be Interpreted with an appreciation
of the limitations of present ladoratory methods for the
culture of tubercle racilli. They discussed the significance
of this in recard to specimens with just & few tubercle
bacilll,

Oarzine (1952} described a shakeeprecipitation




method, He used a coasbination of 1A NP0y and 1% NaCH

&8s the digestion sgent,and calcium phosphate to precipitate
protein and Carry the tubercle bacilli slong with the
precipitate, With his procedure he obteined 61,435 positive
cultures in contrast to L8.5% positives with the & Ha5y,
method,

Breowning (1953) used a solution of Teepol, which
he described ss o detergent of sodium alkyl sulphates, to
homogenize and decontauinate sputum,

Hirsen (1954) investipated gephiran as o decone
taminant wiich f3 & cationic detergent, a amixture of high
molecular, alkyldimethylebeneylesamonium chlorides, He
suggested Its use as a dactericidal agent for sputum
contaminantes, In this ledorstory we had already been working
with zephiresn and engyoes for sometime previous to Hirsch's
puklication,

Almost at the sanve time was anote by Saazholw
(1954) Discussing the use of a pancrestinedesogen sulution,
The desogen, a guaternary aussonluws compound, was described
as setihylephenyledodecyletrize thy i-anmoni umenethosuiphate,
In {1955) he published a complete report of 3,818 sputus
specisens, e concluded that long perieds of exposure
were not deletericus to thw tubercle Lecilli,

Uray, Clarke, ond Johnstone {1954) proposed the
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use of black mice (strain C58) in combination with culture
to be much omore effective than the culture slone, In a
later paper (1954 8) they claimed that in the usual
digestion procedures 80 to 1004 of the tubercle bacilli are
killed, They considered treatment with L& NaCH for 30
minutes or 108 ﬁs39@u for & hours to e least lethal,

Peizer, Chaves, and Widelock {1954) used 108
ﬁa3ﬁﬁh a5 & transport digestant for sputa and gestiric
specimens a5 "trestment in transit® where the time of
transportation was longer than 24 houwrs, Duplicate halves
of the specimen were untreatad until arrival in the
laboratory when they were processed with 4% KeOH, They
found the recovery of tubercle bacilii the sase by both
methods, but much less contamination with the use of 106
%33Pﬂh. |

Froz the studies cited it is apparent that meost
procedures used today are toxic to tubercle bacilli, Bader
{1954) compared treated and untreated specimens by means
of guinea plg inoculation to demonstrale the toxicity of
present ¢sy procedures,

At varicus times penicilliin has been used as »
decontaminating sgent fellowing 8 digesticn precedure,
Kirby (1s47) believed that in the presence of peniciiiin
tubercie bdacllii undeprgo partial lysis, Fifty te 100




1§
units of penjfciliin per mi In olelc acld slibumin ager
were not Inhibitory to the tubercle bacilll, but Lthe same
amount, of penicillis in broth medie In the presence of
‘Meween 80" was inhibitory Lo tubercle bacilid,

Abbott (1951) recomsended the addition of 100200
units of peniciilin to homopenised sputum concenirates
Just hefore innculation, Me reported ihat the contanination
was reduced S0%. He ailso found the  rate of growth and the
volume of growth of the tulercie bacilli disinished
‘Bilghtly following peniciilin treatment, Abbett did not
consider the final recovery %slgnlftcsatly affected,”

Faliin, Patnode, and Hudnlns (1952) found that
100 to 400 units of penfcliiin par wl of houogenized sputum
significantly reduced the number of viahle tubercle bacilll
in the sputum concentrates in direct propartion te the
amount of antiblotic wused,

Frobisher angd Sommermever {1953) cons!dered that
viscous sputum glves Conslderabie protection to tubercle
haci 111 and athir contaninants pressnt, Ethyl alecohol and
isopropyl sicshel {rubbing alechol) in 705 concentrations
were not found to be effective disinfectants lfor any of the
orcanises in sputum, They suggesi that this fs {mportant

~when oral theraometers are disinlected,
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Berg (1932) did & ssarch of the literature and
found pancreatic entymes used &5 digestants as far ack
as 1903, He chellenged the sssusption that pancreatic
engymes were nonlethal to tubercle bacilli, Fros his studles
he concluded that by weight 3 of the tudercle hecilli were
astolysed within i days in Lhe presence of pancreatic
SNLEYRES o

Mohamara (1935) used a fingl concentration of
0¢3% pepsin and O.6% HCl 1n sputus and Incubated for 12
nours, He neutralized with ¥/l NaOH and then centrifuged
the digest for 1 hour,

Sullivan and Sears (1535) prepared a paste using
0.5 ¢m of papaln with 50 »l of spulum and sllowed (L to
digest for 10 to 15 alautes. They centrifuged the digest
and treated the sediment further with LA ¥alH prior to
cultivation,

Vogt, zappasedi, and Long (1940} used 0,14
teypsin for digesticn at 56 C for 2 hours. Haynes (19542)
prepaved a dipestent of 0,54 Lrypsin and added U.78 of
1/l NalH which pave the digestant & pH of 8,5, Haynes
filtered (5eits) the reagent and used & li] rstie with

sputum, The mixture was Incubated at 37 ¢ for § hour,
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centrifuged at 3000 r,p.m. for rive minutes and the sediment
used for acid Tast stains, For gulnea plg Inmcculation it
was fupther treated with 5% oxalic scid,

Schwarting (1945) and {1948) showsd that gasiric
Julce was toxic for tubercle tacililil dependant upon the
length of exposure snd the temperature, UShe used artificlal
gastric solution and normal castric Julce with controlled
inecula of tubercle beclili, Refrigeration of poolad
specimens did not prevent lethal affectis on tubercle bacilid,

Reamer [(1946) found that after 10 to 21 hours of
exposure of tubercle bacilll Lo gastric Juice the orpanisms
were noninfective Tor guines sios aor Could they Le recovered
on artificial modiu,

Sedallian ard Carrae (1947) used papain, Ye
repeated thely experiment which called for fancubation at
£0 € and found the sare liguefaction of sputum &t that
teaperature with & watlspr control,

The effect of castric cantents on tutercie bacilly
is fpdicative of ihe deleloricus effectls of pepsin and HCYL
as 8 digesting sgent, Visent snd Birge (1947) showed that
tubercle bac: 13l survive 1n pastiric conlents about 5
days at neutral pH, At pH & the contaminanis wore held
down yet growth wae favorable fopr tudercie baciili,

Vandiviere, S:mity, ond Sunias (1952) blamed the

|
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high scldily for the t@iie effect of gastric Julce on
tubercle bacilii, They evaiuated metnods for collection,
The pest wus Lo ¢ollect the @stric contents inm 300 =l
of sterile water and add twe "pHydrion® (7.4) capeuies
imnediately,

Rewas (1952) showed in his {nvestications that
tebercle Dacilil sublectsd to gustric lulce from } to 7
days were still desonsirable by culture snd animal inocuiation,

Rice and Rowan (1953) developed s microculture
technigue for the $solation of tubercies Laciili, Une
volume of sputun was miaed with 2 volumes of 2,5% pasncrestin
and incubated at 37 € for % nour. The digested sputum wks
then streaked on a coverslip, dried, and further treste:
with 84 HC1 for & minutes. The preparation was carsfully
rinsed 1o water and incubsted in liould medie,

in chronic brenchitis May (1953) proved the need
for homogenized sputum for & true representation of pathogens
that may be in the specimen., He sucgested Rawlins' (19853)
method which used 1% pancrestin at pH 7.6 held st 37 C
until liquefaction waz complete, He found that this pro=
cedure was rlso useful for recovery of the Ccmmen resplratory
pathiopens other than tubercle baciiil,

Ambert (1953) used 3 ml of an sguecus suspens!on
ef tubercle baciliy with 10C mg of pepsin (dry) and 2 drops
of concentrated HUl to test the toxiCity of a pepsineHCl
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digestion provedure for gputume Those inccule which had been
exposed nore than 1V houps before culture ware slower to
produce colonles than the controls,

Hein (1955) sugpested as alkaline buffer to
neutralice the lethal elfects of the enzyme sctiveted by
an acld miliew contained in gastric Juice, Ne used 1%
KHpP0y amd 2,58 hayPly with 0.00128 A broscrescl purple
indicator, Ha Found 30 sl of the indlcetorebuflfer was
a sufficient swount Lo eliainste toxigity lor the tubercie
baciili when transporiation or storaye of jesiric specizens
W8S NECEBBETY.,

Saxtole (1954, 1955&, 1955b) used 14 pancreatin
for digestion and o gealsrnmary ammonlan delergent For
decontemsination, ide btreatment showed 1lttle h&rmfuﬁ effect
on the tulercls pacilli In 3,518 speclmens treated, but
he refers Lo o "softening of medla”™ with large inoculation
of the digesl, Our espsrisnce with Lhe zawe difftoulty

caused us Lo turn to pepsin,
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Recently membrane Tilters have given a lot of
promise in thouse specimens thatl cap be adapled to the
technique. Trompke and Kroser {1952) found membrane
filtration auch more ef7icient than centrifugationr for urine
specimeng, Morgante and Murpay (1955) got wore positives
by membrane flliraticn of suinal fluid than by direct
incculation on LowensteineJenses media,

The use of hydrocarbons as Concentrating sgents
dates as far back as (190%9) when Lange and Nitsche used
alkall end ligroin, Ligroeisn ls a petroleus distillate with
specific gravity of 0,715, Serrnardt (1909) used a-tiforain
and ligrein, Loeffler (1510) used antiformin and c¢chloroform,
Rinyoun (1915) medified Uhleshuthls method by treatiag the
specimen with sodivm hypochlorite followed by concentretion
with ligroin,

Andrus {(1320)) used chloreform to layer the
sroanises at Lhe botltom of the tube,

Felsen {1930) fleoated tubercle »acillt in the
homeienate by the use of sodlum chloride {n Z8 concentrstion,
The mixture was allowed to stand In the refrigerator
overnlght, and the tubercle becilll were skimmed from the
surface,

Reed and Hice (1931} etudlied the behavior of

acid fast and many other bacteria in oil and water mixtures,
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All the pacteria remained in Lthe squecus phase sxcept the
acid fs3t organisms, They worded with many olls, hydroe
carcons, arxd olher cospounds including carbon tetrschloride,
ether, xylene, kerosens, benzene, petroleum, chiorofora,
carbon bisslphide, butyl and amyl aleshol,

Pottenger (1931) and (1939) used xylene, ligrein,
chiorofora, carbon disulfide, and gave convincing evidence
of the efficiency of thess agents Lo Condentratle acid fast
baci ili,

in g review of evaluvalisn of meliods up to 1951
Smith{1951) recalled his own Jindinus of the efficiency of
"tydrocarbon flotation", Slepek (1953) alsc found fiotation
to b an efficient sethod for isclation of tubercie h«@ii;i.

dewirkoe (1934) used the teram "oll partition® Lo
describe selective comantration of teubercle baciliii. lle
showed thatl 1§ there were awers than lﬂg tubsrcie bacilli
in the mixture, sowe resainec in the agueocus phase, L
there were less than 105 organisas, ail were taken up In
the oll pnase, 7The series of suspensions ranged from 13*
down to 19ﬁ B0 bacilli per 10 =i of isctonic saline,

Tne olls tested Included castor, olive, cottonseed, psanut,

corm, sesame, and parallin,
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Chapter I1i
PRELIMINARY JHESTIGATION

In the Litersture Review we polnted aut the
long recogniicd factor of toxigity in estalished Concens
tration procedures which exploy sirong acids or slkzllies
for digestion and Jec:.ntasination, From the Leginning
we considered enzyues for thls purpose, Sputun was the
specimen of cholce in all of these preliminary eaperiments,
It iz the =mosi common specimen sudmitted for ias!atiﬁn of
tubercle bacilili, Likewise svutva presents all the problems
in iltsprocenning that may be Individual In other specimens,
Inherently the problen {s threefold (1) the selectior of
e digeatant, (2) decontaminution, {3) and concentration

of the tuhersle tacilli,




Experiment 1

ntericlse

Procedures

Erdpoints
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Pancreatin (Difcote Pangestin, 1:175); pespain
(Difco)y pepsin (Difco, 1310,000)3 trypsin
{Difce, 1:250), Each engyme was made up in 108
comcentration,

K/1 NalH, R/1 HCL, 0.04% brom thymel blue (BTR),
0,04 thymol Llue, pooled sputs,

Pooled apulum was thoroughly mixed with 4 mn
glass heads In e Kahn shaier for 2 sinules, A
3 ml seaple was sdded to ewch of L test tubes
with 5 ml of weter, The pl was adjJusted to 7
with 5T8 In each speclisen escept the one lor
pepsin, Ths lotter was adjusted to §,5 with
thymol blue Indicetor. One ml of each encyme
solution was added to each tube, The volume wes
brought to 10 mi with water,

The engyme-sputus snixtures were observed at room
temperature for } hour, The digestion was
deterasined to be complete when an applicater
stick could no longer pick up viscid strings of
mucua, In negative resulis the mucus remalned

& viscid mass,




Table 1
SELECTIVH OF AN ENZYME
Dis
pancreatin +
pepain -
pepsin +
trypsin +
contrel {water) -

Discussiont Time Is & factor in engyme activity., In this
gualitative experiment the observation of each
tube every few minutes al roos tesperature was
continuocus, The mucus thresds had disintegrated
into shreds withie 15 to 20 minutes, From
thereon the shreds continuved to braak&ﬂwmc
Tenperature alse nfluences angyme activity,
According to West and Todd (1952) gustroeintestinal
engymes have optimum activity at L0 €, the peak
on a bell shaped curve, Simce 37 C incubastion s
svallable in every laboratory and the sase
tenpersture {s optimum for growth of humen tubercle
bacilii, this was adopted &% & norm for all
subsequent experiments,
The concentration of the enzywe influences the

rate of reaction in erithmetic progression, Until
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further investigation, 14 final concentration wes arbitrarily
chosern,

At this time pancreatin was asdopted for use,
Pepsin was €¢liminated on Lhe basis of the acid ph, and
trypsin for economy, wiich later proved invaiid,

During the investication: of Lhe problem of
decontanination It was Tound that the snegyme solution
needed to b sterile to eliminate still another source of
contamination,

Experinent 2,

Materiale: Pocled utum, 2% and 1% pencreatin

Procedures Esch dilution of pemcreatin was teeated a3
follows: 1) Seltsz rifiered, 2) mutoclaved, and
3) the dey waight of pancreatin sutoclaved before
putting into sclution, The sputumn was wized in a
1tl ratio with esch kind of sterilized enzyme
solution, Unsterile enzyme solution served
as controel,

Resultsst Table 2
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Table 2
ACTIVITY OF ATURILIAED pPolCREATIN
Birestion Time
Pancrestin 2 15

Unteeated 10 min, 20 min,
Seite filtered no digestion no digestion
Dey welght sutocleved " L) # 0w
Solution sutoclaved * " n b

discussiont ?aner@a&ia, or the commerclal produact pangestin,
is & crude substance, and & }# solution filtered
with great difficulity. For thisreascn, trypsin
was used from hereon as an alternstive, The
greater actlivity of trypsin allowed & lower
percentage solution which facllitated Seits
fiitration, Autuclaving apparently denatured the

§rﬂtwin a0 that {t was not useful &8 an enzyme,

Experinent 3 Agtiv] {1
Materials: Pooled sputa, 1% trypsin
Procedure: 1tl volume of sputa and teypsin, pH 7 with BTSH,

Tabie 3
ACTIVITY OF STERILLEIED TrYPSIR
Iryesin Digestion Time _ Tespsrature
untreated 20 min, 25 C
Seitz Filtersd w " 25 C

untreated 2 " ' 86 C
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Discussiont Selte filtration would insure & sterile solution
which could easily be prepared In any laberatory,
Ina concurrent sxperizent with the decontamination
problen, contasinants were Kilied in the several
trials made by teating the sclution at 56 C for
10 minutes, Seitz filtering was preferred in snite
of superficial sdvantages of heat decontanination,
We felt thaithe contaminants would be variedble
from ore sample to snother, The slisht loss in
activity due to filteation is not significant. The
86 C would net kill ubiquitous spores,

Experiment § Activity of Teypsin st verious pi
The Difco preparation of trypsin b described as
being most effective at pH 7,8, Mest fresh specimens of
sputun ofthe hundreds checked in this laboratory were found
to have an approximate pH of 7,
Hateriales 10 specimens of sputum, Beckman pH meter,
1% trypsin, N/1 HaCH, N/1 ECl,
Provedure! Samples of trypsin were adjusted to pH 6,8,
Ts 7455 8,0, 9.0,
Esch trypsin sclution was edded to an equal volume
of sputum,
Results: Thare was no apparent difference in 2 hours of
of digestion st 37 C in this pH range,
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Discussiont Since it 2 an established fact that tubercle
baciili grow best st pH 7, this was adopted zlsc
8z Lthe pii of the digesting agent in subsequent
experiments with trypsin,

Experiment 5 Concentration of Trypsin Sclution

Haterials: Filtered trypsin solution renging from 0.1 to
1.0%, One tenacious sputum specimen "cut® into
six portions,

Procedure: Sputus snd respective trypaln solutions were

added in 11l ratio. The pi was sdjusted to 7 with

BTH,
Table 4
COMCENTRATION OF THYPSI N

0,15 negative sfter $ hours
0,25 "

035 b

ST one houp

Uo 5k "

1.0 "

Ulscussion: The results indicate that 0,54 trypsin solution
siould be satisfactory for ail types of aouta

since most sputa ere less tenaclous then the sample

used,
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idany of the preliminary experiments to study the
problem of contamingnts and the third prebles of conceniraw
tion of tubercle bua¢iill were perforaed with the use of trypsin
as a digestant, Trypsin digests the tenscicus mass of sputum

very well, &ut during these experiments It was also observed

to digest the egr media such as LowenstelnwJensen, Tubercle
baci 111 grew luxuriantly, Yellowewhite colony masses could
be fished from the remains of & slant, and & loopful from

the hydrolyeed content ylelded luxuriant growth on subculture,

This presented a practical problem, The egg medla,
bowensteineJensen and Putragnani ,are used almost universally.
1t would not be «ige to dsvelop a procedure thal could not
use eog medis slants,

At this Lise the suggestion Lo use pepsin was 8
welcome soluticn to the problem, Pepsin (Difco) which
digests casein 13110,000 s aclive at sn acid pli, Pepsin
would no longer be active and would not attack the culture
mediwn §f the dlgestion would be neutPalized to s pil 7
prior to inoculation,
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Experiment 6 Activity of 0,5% Pegosin
Materialst O.5% Seite filtered pepsin solution, N/1 HCI,

0,044 thymel blue indicator, ten sputum speclaens,
froceduret The pH of the pepsin was adjusted to 1,5 with

%/1 HCl, The sputa were mixed with pepsin In

i:1 ratio, _

Results: Ulgestion of 10 specizens was cowplete in 20
minutes. Water controls edjusted to the sase pH
with HCL showed no digestion In the observed time,

discussions Activity of pepsin is compurable to that of
trypsin, The acid control satisfied the question

of digestion due Lo the scldily present,

In the literature gusiric acidity is frequently
shown o be toxic to tubercle bacilli. e have ¢lited in the
Literature Review Vincent and Birge (1947), Schwarting (1945,
1348), Kramer (1946), Vandiviere, 5Swith, and Sunkes(1952),
For thisreason we did not accept HOL without question as the
activeting ecid in pepsin digestion of sputus. Two orcenic
acids, phosphorfc end Citric, were studied alone with HCQ,
These acids in as low as Q.1 molar concentration wers found
to be good 2uffers when a 1311 ratio with pepsin was made,
Ten gputun specimens and esch of the three a@idugtﬁain
sclutions retained thelr pH when mixed in a 111 ratio

(Beckman pH meter), /cetic acid was alsoc irled but appeared




unreliasble in both steps and was dropped at this point,

Materianlst 0,18 cltric, Q.14 phosphoric, and 0,14 HCL acids,
Pepain (0,58), Seitz filtered, H3ITRV stock culture,
LowenstelneJensen {(LeJ),

Procvedure: A saline suspension of Lhe stock HITHAv was
prepered, Combinations of waler und acids, acids
and pepein, pepsin end water were made up in equal
voluse of 4 m} each,

Une tenth ml of culture suspension was added to each
‘ tule,
The tubes wepre incubated for 2 hours at 37 C,.
The tubes were aglteted snd 0,1 ml frox esch was
inoculsted on 2 tubes of LeJ medium, Crowth was recorded at
at 7, 14, 21 days,

Table §
TORICITY OF PEPLIN AND a0IDS%
—rguth after indiceted days of incubation, 37 €
Water + Acid Pepain » Acid
Acidst _ uays? I i, €1
Citric 3+ 4be L+ 3+ Lo+ L
Fhosphoric 1+ 2+ Lk+ I+ 2+ L+
Hydrochloric 14 2+ |+ 1+ 2% [e

Kone b+ hLe Yo e L+ Le
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Dismcussion: [t is apparent fron table 5 that both phosphorlic
and hydroechloric acid are texic to the initlation
of growih of tubercle bacilll, Since 1792 gm/liter
of citric acid i8 aolar, 0,14 would be equivalent
to 24 in roundnumbers, This percentage was usad

from here on for further evaluation,

Experiment 8

Materialst Gitric acid in concentrations of L#, 3%, 24,
and 14, Filtered pepsin In concentrations of
1%, C.bi, 0,5%, 0,18, Three sputum specimens,

Procedure: The li strengths of pepsin and citric scid were
made up in 1311 volure In the 16 combinations
to give Tinal sirengths representéd on the iable,
A srall ciot of sputur from the pooled specisens
was added to esch, The tubes were ajilowed to
incubste for & nours at 37 . Digesition was

indicated by & breakdown of the wmucoid <lol inte a fine

particulate suspension,

No digestion - mucoid clol remained, could be 1ifted froux

tube with s wooden applicator stick,
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Table 6
CITRIC ACIO AND PEPSIL CUMBIFATLNG FOR OPTIm M
DIGESTION OF SPUTUM
Ciaric Acid

Pepsin:
Culs - - +f- +
0255 /e + + +
Ce3i * + * +
O 5% + + + +

Discussiony For ¢onvenience the digestant s mude up in
combination af 24 cliric acid and 0,5¢ pepsin,
This digestant i3 added In l:l ratio to soutum
to give the finel optiaum Concentration of 1%
citric acld and 0,25% pepsin, 1o the many
experiments perforsed before the firsi coxparative

study this proved relisble,




Sputus may contain s varfety of bacteria which can
interfere with the isolation of tudercie baciiili, The
prodbles of their destruction or remeval from the sputum will
be considered under the heading of decontamination,

in our preliainary investigations we experinented
with seversl agents other than strong scids and alkelies,
Some of these experiments overlap with digestion and
concentration procedures, hut they will be presented from the
s83pect of decontamination,

Eaperiment 9 Antd

Materialss 1000 mg of aureomycin incorporated into 15 ml
of nutrient agar, 1000 units of penicillin
incorporated into 15 ml of melted nutrient agar,
Ten sputum specimens,

Procedurs: Each specimen was {notulated on a pilate of esch
antiblotic mediux and a control plote without
sntibiotic, Incubation for 24 hours at 37 C,

Resultsr Antibiotics showed no lahibitlon of contaxinanty

reletive to the controls,




Experinent 10 Antibloetic Ulscs in Decentenination

taterialst Imprepnated dises = auwreomyein {30 meqg),
becitracin (10 units), chlorowycetin (30 mee),
terramycin {30 meg), penteilisic 30 units),
Hutrient egar plates and 10 sputus specimens,

Proceduret The plates were inoculated with Lhe respeciive
specinens and the diszcs placed with even spacing
over the inoculum, Control plates were made

| without discs, Incubaliosn for 2l hours at 37 €,

Results: Ne significant inhidition relstive Lo the control
plates,

Discussient Antildotice do not appsar 1o be ¢ffectiive in
the suppression of the hetercgensous flors thet

con de Tound In souls,

Expariment 11

Materialst Blood acar plstes with unglsged porcelatn
covers, sputum, 0,55 sterile trypsin,

Proceduret The aspectimen wie divided, one part for control
growth and Gram stain, 5 wul of the second part
digested for 2 hours with an equal volume of
G.5% teypmin,

Two ol 2f gach part wers spread over each of

) ¢




Procedures continued
five bleod sger plates,
The plates were incubsied with unplared vorcelain
covers "topside up® for 24 hours, ther inverted
for another 2 hours Incubation,

Results: After 2 hours the lignid conent was sufficlently
reduced to silow the plates to b (nverted,

Profuse growth of contaminents ol lowed,

Experiment 12

Meterisles Blood agar plutes with unglased porcelain covers,
sputum, O.5% sterile trypsin, peniciliin, 704 alcohol,
Proceduret The specisen was divided, one part for conirol
growth andlires stain, a second portion was digested
for 2 hours with an equal volume of 0,5% trypsin,
After the 2 hour period the digested porticn was
divided, 30 000 units of penicillin were added
to 2 ml, and 1 =l of T70% alcohol was added to another
€ ml of the digested sputum,
Five blood ager plates ware generously streaked
each with % m1 of peniciliin and digest, and §
other plates wers penerously stresked each with
§ ®mi of the 70% alcohol and digested sputum,

tne plate was inoculated with untreated sputum as o
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Procedure: continued
control, Plates were !ncubsted topside up, then
inverted after & hours,
Results: There war no significant reduction of contaminants

with either reagent,

Experinent 13 Effecis of Couplete L

Materials: Pocled spulup, engyse digested,
Pentciilin (30,000/mk), 704 alcohol,
Fetrl dishes, ungleced porcelain tops, nutrient
apesr plates.

Procedures Engyame digested sputum was divides into 3 equal
@értianx in petrl dishes, covered with porous
covers, incubsted 2 hours with topside up,

After & hours the dry, thin filus were resuspended
respectively in 2 nl of atmrﬁ;w waler, & ml of ’
70% aicohel, 30 O00 units of peniciilin in 2 =t

of water, £ach suspension was poured on an ager
plate, coveredwitih a porous top, incubated overnight,
They were {ncubuted arn sdditional 2 hours in an
frvuriced position,

Resulte: 1) Direet in@ﬁulwiiﬁm of enpyne digest produced
profuse growth of comtaminants,

2} Enpyowm digest dried and resuspended with water




resulte:

b
continued
showed about half as much Contamination as (1),
3) Enzysme digest dried ard resuspended with
penicillin produced no growth for the first 24
hours, profuse growth after L8 hours,
L) Engyme dipest dried wnd resuspended with 70%

aleohol recsined negative after LS hours incubation,

Discussiont ¥e conciunded thet drying is & limlted deconw

Materinlisy

Proceduret

taminant in itself, The effect of drying on
tubercle aciili wes 2 question for investication,
In repetition,seedad specimens of the water control
froam the preceding experiment sppesrsd to yield
very poor growth of tubercle hacilli in comparison

1o the ﬁ@amralm in wiiich the same slee of ;na&nlum

wig placed dirgctly on the aedium,

Teypain digested sputum, giyeercl, HITAv
suspens! on, LeJ mediusn,

A mizture of 3 ol of dicested sputum, 1 al of
glycerol, 0,1 ml of tubercle baciili suspension
was placed inte a petr! dish, porcelain top,.

After overnight incebetion, & viscid flm rezained
which could be brushed onto 3 LeJ tudbes with & bent
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Procedure: continued

Results:

Experiment 15 The Toxicity of Alecchel for Tubsrcle Becll

glass red, Controls consisted of the name site
inoculum In 1} sl of water directly inoculated on

lewd tubes,

A loopful of the glycerel film inoculeted on an
agar plate grew no &@ntﬁﬂiﬁ&ﬁﬁﬂ; nor d4id any grow
on L=J medius,

Growth of tudercle Lacilii was meager on the treated
specimen in comparison to the control tubes, In
tiie maperisent - have recovery of the lubercle
baciiil, elthough meager in prowln, and elimination

of contaninants,

Materisist TOK alcohol, suspension of tubercle bac.iii,

Procedures

Resulls:

Lw) moedium,

Fourtecn tubes wit® 1 ml of alcohel were made
up to coniain dilutions ranging from 704 down to
JUS by volume, Cach wes seeded with & drop of
suspension of tubercle bacilil, Tin entire ml,
after 2 hours incubation at 37 €, was inoculated
on £ tuses of LeJ mediun,

The first growth appeared In 7 days on the tubes

which had been Inoculated Trom the £44% slcohel




Results: continuesd
suspension or less, Scattered growth appeared
on 3 tubes of higher concentratlons of aicehel,
The tubes were incubeted for 21 days,
Discussiont (In Genersl Discussion sfter experiment 17)

Experiment 16

Materiais: Pooled positive sputum, 0.5% trypsin, 10X NegPQy,
glycercl, 24% slcohol, LeJ) medium,
Procedures The specimen was divided inte L portions,
1} Centrol: ﬁaBP@h treatment, concentration
vy centrifugation,
2) Trypsin digested with 2 hr incubstion, addition
of 2 sl glycerol and 3 ml water,
3) Trypsin digested with 2 hr incubation,
sddition of 2 ml glycerol and 3 =l 24% eicohot,
L) Trypsin digested with 2 hour incudation,
oddition of 2 mi water and 3 ml 24% alcoheol,
Portions 2, 3, snd | were subjected o drying
as m\rwmsy described, resuspended, snd
inoculated on LeJ medium,
Resultst No growth aspeared after 3 weeks of incubation
in any tube except the 105 mamh treated specinmen,
Discussions (In General Discussion after experiment 17)
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Materisls: 2Lk slcohol, HITRV suspension, Le=J medium,

Procedures A suspension of orgenisms was made up in aha

slcohol, One tenth ml was directly inoculated

on tubes of LeJ medium, This was repested after
30, 45, snd 60 minutes of exposure,

Resultss

“Ubserved Growin .
after 3 days *»

& *® 2+

g ¢ Lo

13 * b+

2 " L+

Table 7
EPFECT OF 2t ALUTHOL O VIABILITY OF TUBEBCLE
BaciLil

- - -
+* - -
2+ - -
24 - -
&»‘b - -

Discussiont {(Experiments 15, 16, 17)
The drying procedure might have been & neat
procedure to reduce the l!qu!é content of an
entyme digested specimen of sputum, but it is not

useful since it has & delsterious effect on the

tubercle bhacilli,

The drying precedure was useful

in ridding the specimens of » larce portion of
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contaminants.
Glycerol and alcohol were toxic for the tubercle
bacilif,

Experiment 18

Materislst 10 sputum specimens,
Rutrient agar pour plates with NaNj (1315000) end
KoTeCy (313100 000) individually and In combination,
Zephiran (112,000), steril swabs,

Procedures Enﬂ3 wes added to the agar before autodaving.,

' KpTeOy was Seite filtered and added to melted

agar sseptically. | )
The swebs were theroughly stirred in each specimen
of sputuz and then placed in a tube of zephiran
for 2 hours at room temperature,
Each swab was incculated on esch azha of plate
and 2 control plate that had no added chemical,
Swabs without sephiran trestment were inoculsted
on esch plate with and without chemical,

Results: Table 8
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Table 8

CONTASIHANTS ¥1TH ﬁaﬁ) and H37w03

IR GUMBIRATION WITH ZEPHIRAN

TR, e e o
i - - + - - - * -
2 . i . - - - + -
3 - - * - - - * -
h - - - - " * -
5 * - r - * ® * -
6 * -+ . - -+ -
7 - - + - - - * -
8 L
s - - s - - - * -
10 - - s - - - * "

Discussiont The experiment shows thw effectiveness of

gephiran tractment to destroy conteminants, In
these ten specimens ﬂlﬁs and Ka$u93 in combination

were effective without gsephiran, From the first

column thiswould appeer to be due to Buﬁz*
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Experiment 19 Zephiran-Trypsin Digested Sputum

Materials: Ten sputum specimens, 1% trypsin (sterile);
zephiran in 1:1000, 1:10 000 dilutions;
nutrient agar plates,

Procedure: The 10 gpecimens were digested for 2 hours
in a digestant containing in combination 0.5%
trypsin and zephiran, The zephiran was varied
in concentratiocn, Agar plates were heavily

inoculated,
Table 9

SPUTUM CONTAMINANT GRONTH AFTER ZEPHIRAN=-TRYPSIN

——

Zephiran
132000 1:5000 1:10 000
§butum —
1 - - -
2 - - -
3 + + +
L + + +
5 - - -
6 - - v
7 - - -
8 - - -
9 - - -
10 - - -

Discussion: In specimens 3 and i the contaminant that




41

persisted was Pseudomonas sp, Decontamination by the use

of of zephiran was discontinued at this time, With the

substitution of pepsin for trypsin, zephiran was unnecessary,

Experiment 20 Plant Hormones as Contaminant Inhibitors

At one period In the investigation we were working

with plant hormones as growth factors for M, tuberculosis,

In high concentration they are known to be toxic to plants,
however in low concentration they may stimulate bacterial
growth as they do in the plants, Simultaneously with
tubercle bacilli, E,coli, beta hémolytic streptococci, and

Candida albicans were appraised, Inhibition of growth was

more apparent than stimulation in the dilutions tested,

Materials: Baslc agar (for tubercle bacilil)
Cultures: M, tuberculosis, E, coli, beta
Streptococcus, C, albicans,
Plant hormones (indicated in data by number)
1, 3.7% a-naptholene acetic acid (M/5 NaOH)
2., 5.,0% o~iodobenzoic acid (M/S NaCH)
3, 2.7% phenyl acetic acid (M/5 NaOH)
4. 3.7% o=chlorophenoxy acetic acid (M/5 NaCH)
5. L% 2,4 dichlorophenoxy acetic (M/5 NaOH)
6, 3.7% iodoacetic acid (M/5 NaOH)
7. 3.6% paranitrophenyl acetic (M/5 NaOH)

L




8., 5.0% paranitrophenyl acetic (M/5 NaOH)
9., 3.0% tri-iodobenzoic acid (M/15 NaOH)
10, 3,5% indol~-3-acetic acid (M/5 NaOH)
Procedure: Basic agar slants of 5 ml each were prepared,
Hormone di lutions were made so that with the
addition of 1 ml of the hormone to the agar
slant final concentrations of the hormone would
be 0,5%, 0.1%, 0,025%, 0,005%, 0,001%, 0,00024%
respectively in each set of tubes, The tubes
were incubated 3 days to allow diffusion of the
hormone into the agar and partial evaporatioén
of surplus moisture. This also insured sterility
of the hormcne-acar media, Cultures were
examined after 24, 48, 72 hours, and for 3 weeks

for the tubercle bacilli,
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Table 10

GROWTH OF BACTERI A ON HORMONE AGAR

., F
Hormone Concentration in Agar

0.,5% 0,1% 0,25% 0.5% 0,1% 0,25% 0,005%
g Coli b—§treptococcus

Hormone
1 + + + - + + +
2 + + + + + +
3 + + + + + + +
I + + + + + + +
5 + + + + + + +
6 - + + - - - +
7 + + + + + + +
8 + + + + + + +
9 - - + + + + +

10 + + + + + + +

11 + + + + + + +

Discussion: In the hormone~agar experiment we have included
only that which gave positive results from the
aspect of inhibition of growth, There was no

inhibition of C, albicans, Various yeasts are

common contaminants of sputum, Hormone #6 or
todoacetic acid showed some promise in a 0,5%
concentration, It did not have a sufficiently wide

range as whown by inoculation of a digested sputum,




These sxperiments do not sclve the problem of
ridding & sputuz specimen of contaminmmilon, The solution
of the problems appeared with the use of the snzyme pepsin
and the process of concentration of tubercle bacilli,

The experizental evidence wiil be presented {n the following
pages,




In the past centrifugation has been used as the
most comsen method of comncenirstion of tubercle bacilli,
Avother wethod cited in the Literature Review consisted of
layerinc the tubercle bacilll in en interface of water ond
hydrocarbon, We have found the 1ﬁ;twr wethod mosi efficient
since 1t gave selective concentration of tubercle pacilii,
This we worked out sxperismentally before happening upon
the papers by Wudd snd Mudd (192h) and Reed and Rice (1931)
which treat ths subject comprehensively,

Experisent 21 § bion of AL 3
Materials: Suspsnsion of tubercle bacilll (H37Rv),.

Etghteen chemical agents selected on the basis of
tow boiling point and low specific gravity,
Several were included simply because they were
available froa the shelf, See table 11,
Procedures Elghtess tubes with 2 ml of water contalning
0,02 ml of baclerial suspension were lined up,
One @) of an agent was added to each tube and
thoroughly sgitated with pipetis and bulb,
{Orel pipetting was strictly avelded throughout
this work. A 3 ml rudbber buldb on a 5 ml pipette
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Procedures continued
was effectiw and safe to pgilate a suspension
of tubsrcle bacilil in water and sgent mixtute,)
The tubes were ailowed to stand ] hour, A fine
white fils was sacroscopicaily visible vt tiw
intepface in oeny tubes,
Sitdes were morked with & wax pencil area of
8 square cm, A Kahn plpelte and sssil bell were
used to transfer 0,05 sl of Concentrate to slide
and each of 2 tebes of LeJ medius, Controle for
scid fast stain and culture were Included,
Ksy teo Table 11t
® Degres of clarity of woter and concentrating sgenlyg
ke indicates a white fila of organisms &t the
interfece wilh clesr water and agent phases,
+ indicates a fils el the interface with a
very fine suspension of pariicies in elther phase,
= no apparent concentralion
g% Degree of intace morphwlogy snd staln reasction
» Complete distortion of baclild
w#d¢ The nusbers indicate s count of the colonies
Dense » 8 thick blankel of colonies
» no growth after 4 weshs,

sast Control e- 0,02 51 of inoculun used diprectly
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Table 11
EFFECTS OF CONCENTRATING AGENTS ON
TUBERCLE BACILLI
Culture
Macroscopic i wks

Agent Appearancei AFSst Growthititst
N/1 amyl alcohol y+ + -
iso amyl alcohol L+ L+ -
N/1 butyl acetate L+ L+ -
toluene L+ 2+ -
hexone L+ L+ .3, abnormal
carbon tetrachloride L+ L+ _ -
monochlorobenzene + L+ 6, abnormal
2=chloro=2=-methyl + L+ -

benzene

isoprene + L+ 2, normal
diacetyl o - ' - -
methyl formate - : - -
methylal L+ L+ -
3«chloropropene L+ L+ -
propylene oxide - - -
n=-pentane L+ u+ dense, normal
para cymene L+ L+ 50, luxuriant
alpha terpeneol L+ L+ -
terpinolene L+ L+ dense, normal
None (control)ititi I+ dense, normal




Experinent 22 Toxjcity of Pentane srd Terpinclene
Hateriale! Dubos broth culture of 2 weeks growth (H37Av),
Terpinclens, pentane, & tudes of 2 ml water,
Procedures & loopful of culture was added o ¢ach of the
& tubes,
Terpinolene wos added to 3 tubes, ood pentane
o 3 tubes (1 =ml each),
The contents of the three sets of tubes were
thoroughly sgitated with 3 pipette,
Lw) medliua was Inoculated after exposuare time of
8s 30, 150 minutes, Controls were inoculated
with 1 loopful of broth culture,

Table 12
TORICITY OF PENTARE ARD TERPINOLENE

“Frposure:
5 min, b s L+
o " b b+ | L+
150 * b | 2 : L+

Discussiont Terpinolens shows toxicity with a 24 hour
exposure time, it is likewine not aw essy to
hardle wit: ite oily consistency as pentars, ihe
latler has & bolling polnt of 36,3 C and 5 specific
gravity of 0,63, 1ts voletility {s an sdvantage
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Discussion: continuved |
since Lhe pentane that 12 carried over intc ithe
culture tube or Lo ihe sllde evoporates gulckly,

e used the latheson, Cosleman, 4 Hell sroduct,

To supplenent the above experioent we put a loopful
of Dubos bpoth culture inte & tube of § =1 of pentane,
After 24 hours the entire content was transferrsd to LeJ
mediwn, After 2§ hours incubation ibe pentane hed evaporated
from the siant, ‘he ¢oionies grow as luxurigntly as in
a coalrel tube which was insculsted directly with e loopful

of the broth cullure,

Expericant 23 Sodiw pide a8 & Flotation A

vaterialss HNaCl In 1% to 5% cencentirations, ﬁuhﬂt broth
culture of £ weehs growth,

Proceduret Two hendeedths drop of cullure wes well agitated
in 3 m} of esch conventration of Hell, The tubes
ware alicwed to stand § heur, Two tubes of LeJ
medlor were €8¢ inoculated with a loepful of
the floating fils froa the respective concentrations
of MNaCl, The cultures were Incubated for 2 weels,
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Table 13
EFFLCT OF Nall USED A% A FLUTATION AGEERT
Growt)
I
2+
2%
1+
 F A -
water i+
girect Inotulation g

Discussiond If flotation would be considered s @ Concenirae
tien process, tie effect on uontaminsting organisms
must alsc de sccounted for, Aaother gxperiment
wis planned to repest the above with other
organisms and & cozparison mmde with pentane

and terginolent,

vaterialst XaGl In 13 to 55 comcentratlons,

Pentane ani terpinclene, cultures of 5t

Procedures: Suspensions of iR cultures wers prepared,

A tubs of 3 al o each HeCl solution was Inoculoted
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Procedure?r continued
with 0,02 »l of each culture, The same was
inoculated inte 3 ol of weter for the pentane and
terpinolens, All tubes were well agltated, aAfter
¥ hour, blood ager plates were inoculated and
Incubated for 2L hours,
Table 1
EPRECT o NaCl, PENTAKE, AND TERPINOLSME ON

SO PACTERIA

G, albicans

i+
1+
1+
b
1w e he b
pentans 1+ e 134
terpinoleme 1+ - -

Discussiont From experiments 23 and 25 it would appoear that
5% NaCl is eousl to pentane 88 & selective
concentrating agent of tubsrcle baciiii,
Supplesentery Lo these findings we detersined how
toric 54 Nall would be for tubercle bacilli thet
had been exposed to S8 MNeCl for 2% ncues, Contrel




Discuasiont continued

varlable, bt fn all cases there wes a noticeabdle

ﬁxﬁﬁl‘im nt w £, f gCLiveness &f ren X i l:: RLERS AL ' 4

Materiales

Procedures

52

inocula grew ﬂuiﬁaizy and Ccultures of KaCl exposed
incculs were negetive, Pentene exposure for 24
hours did not effect the viabiliity of tudercle
buci 11i, Pentare 1s alse lethal to =many contaminants|
Swabs were well agitsted in 15 sputum specimens and
then sllowad Lo stand In {ubes of pentane for

$ hours 3lood plates were inocuiated with untreated
swabs and pentane trsated swabs, The resuits were

reduction of conteminant growth from the pentane

treated inoculsa,

Engyue digested positive spulum, pentans
3} 25 ml bureite
2 ygless tubing (150 x 15 =m) with rubber cap
diaphren 8t one endj 1,04, tube with prubber
bottom, & =l syringe, 20 peuge needle,
3} iest tube {350 x 15 om)

1) Burettesr 10 ml of dipgest were well sgitated
with 1 @1 of pentane, poured into theburette and
aliowed to stand ¢ hour,
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frocedures Contlinued

The Jower 1/3 wes 3liowed to ecpty into s
receiving tube, theriddie }/3 iate 3 second tude,
thie top 1/3 {imzediately under the iaterfucs) inte
& third tubs, the interface and pentane into a
fourin tuie, Each receiving tule way sxamined
for 3‘54;*!'&;% Tast bavilll and Contarinante, {by stain)
2) The glase tublng with the rulder cap dlephran
hetton served as a tube, Ton ml of digest was
weil sagitated witn 1 5l of seatane, poured inte
the tube a:d alloewed Lo stand § hour. ¥ith
a syrings and needle 4§ portions wers reosoved into
receiving tules by pushing the needle through
Lthe digshraz, (o ihe same senner as the stopcock
served 1a the Lurette,
3) Frozen tude: 10 =l of digest were weil spltated
with 1 al of pentane, poured {nto an ordinery
150 = 1% s tude and allowed to siand § hour,
The tube and contents were guickly frosen by
gxposure 1o - 20 C,
The frogen contenis were pemoved [rom the tube by
briefly laersiug i1 {ote hot water, The froren
"plug” was 7§ vided Into four portions conzparable
to metihods (1) and (2),
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Table 15
EFFICIERCY OF PENTANE COHCENTRATION
1) Burette  AeF Baciliit many - - -
Contaminents few Bany BRny amny
2) Tabing AwF Bacilli many - - -
Contanimsnts few many many many
3) Frogen A=F Daciili many - - -
Tube
Contaniosnts  few sany agny  meny

Discussions Our findings e)pear to ba similar to Reed
and Rice (1931), They found that with most

hydrocarbons Mycobscteris sp. would concentrate

to the extent of absut 95% {n the ncneaquecus phase,
Other sroanisms {noneacid fast) concentrated in

the mqueous shase,




55

Chapter IV
THE PEPRIHePENTANE COSCEMTRATION PROCEDLRE

taterialay
1} Digestent == Q.54 pepsin and 24 citric scid

in distiiind water, Setlz filtevred,
Ye used the Difco produect which gives the proteelytic titey
of 1310,000 for casein, 7The citric udid was of resgent
grade, we found it besi Lo prepare Lhe scolution and allow
1t Lo stand seversl hours or overnighi before filtering,
After this periocd the solution is mlmost clear and there is
negligible iuss of pepsin sctivity with Selte filteation,
2) Penty
highly volatile with beiling point at 36 C and specific
gravity of 0,63, (Mathescn, Coleman 4 Seil) We found

e »e This sisple five carbon chain is

& buneen bubner flame unnecessary throeughout the procedurs
which ¢liminates the fire hazard, _

3) Gigestion tube = This §s the ordinary 75 mi
culture tube which resenbles the NPN tube commoniy used
in biochemisipy. An HrH tube support {9 slso uzeful, We
found cotton plugs a dangerous nulisance, To cover the
digestion tube, assll glass beakers or sluninum caps &re
much aore sfiicient,

)

ktg == We rigidly
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avoided oral pipetting throughout the study, The use of a
bulb with & pipetie is @ siaple and sale technique when
dealing with pathogens., The 3 m} bulb on the 5 aml pipette
peraits & safe maryin, As & receplacle for ihe plipelte
when not in use,sn Suply 5 Inch cullure Lube alvng side the
digestion tube is handy,

jﬁgggﬁ;»m In processing & number of specisens the spitation
of the pentane mixture becoses tiresome, Wwe devised ithe
compression bulbetubing ssseaily for ihe pipetie in place
of the 3 @l bulbe Vbe hand that holds the bullk Can rest
on the table {op. The bulbetublin, ssssmbly is sitached teo
the plpette, and e mixture is rapidly and efriciently
apltated, An sliernsts metinod is with s sir Jei in those
laboratories where it i avellabie, The Jet is <onpnscted
to the plpeiie wiitn a leoygth of rubber Lubing. A clamp
on the tubing is necessary for proper control,.

©5) BB we This was found to be & better
neutrallzing eikell than K/) Nedd which was Initisily used,
Bith the NaOH a frothy layer lormed 1a L gentane phese,
Time is wasied in waiting for it (o Condense te 2 tnin flat
laver at the intesrface, The pi is adjusted to & faini green
wit: 870 indicator,
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Procedurs:

3) Add ar equal voluze of digestent te the specimen,
Tiiis need not be seusured scocurstely., Spula vary in
consistency, A J3l retio was found (0 tahe care of the most
tenmcious, but 1% oey be in excess of the needs of rany
specinens, Visousl approximstisn of the amownl that would
double the volume of Lhe contents of ihe certainer i@
sufficient, The specimens which are quite wetery or have
little aucus Could be processcd in & shorter time rether
than to reduce the smosunt or proportion of the digestant,

2) After 2 hours of Incubation at 37 C, transfer
aixturz to digestion tube, Specimens scomtimen ¢live the
appearance of not being compietely digested, The larcer
shreds which have failed to break down easily will frequently
do 9o by rorced sspiretion with a 5 ml pipstte and 3 ml buld,
In the comparative study those specimens that were stulbornly
tenacicus after 2 hours were likewise so with the 10% ?%53%
procedure atl that pericd, sn sdditionzl hour was usually
sufficlent ingubetiion., If the orcater part of the specimen
is digested, the processing should not be delaved for a Pew
stubbern shreds, %ith the necessary acitotion in mizing the
pentanesdigestion mixture, the tubercle bacilii have a good
chance to bs freed from mucus threads, The scidity is
’ neutralized to a faint green (BTB) with R/1 Ru#H,




3} Add 3 or L =l of pentane (sbout an inch of
pentane over the sueface of the digest)s The digestion tube
ahould not be more than one half full, otherwise vigorous
anitstion with the pentane is not noseible, The compression
bulb, tubing, and pipetie susenbly is the most efficlient,

A little practice with s deeply stalned water and pentane
will show how efPectively the squecus phass is ferced through
the pentane yhase. The objective 1s to expose the baciilg

to the pentene, Allow tnn soitated atxture to stend 10 or

15 minutes, 7The tubercle bac:lll are convenireted at the
interface of agusous and pentane layers,

4) Aspirste the interface for slide and culture,
The pentane need not be removed to sspirste the interface,
*ne jittle carried sleng in the inocelum wiil not matisy
since it ishighly volatile, The sane pipette can be oned
throuchoul the precedure fof one specimen, At teast
2 tubes of medium should be Inoculsted, ant 3 or i tubes are

preferadle,
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{in briefr)

Materials: 1) Dicestant -« 0,55 pepsia in 2% citric scid,
heity filtered,
2) Pentane
3} Digestion tube (75 ml culture tude), 5 =l
pipette, 3 =l rubber bulb, H/1 HOH, 0,04%
broz thysol blue (BTB).

Proceduret 1) Add an equal voluse of digestant to the
specinmen, incubate for 2 hours at 37 ¢,
2) Neutralise scidity with KOH to faint green (&T:)
3} Add 3«4 ml of pentane (an inch layer),
Agitate the smlxture thoroughly with bulb and
pipette, N0 flame should e mparby, Pentane
is vary volstile,
k) aspirets interface for siide and culture,




Chapter V
CORPARATIVE STULY TF PLPGI NePENTRED
CORCENTRATION oF sPLUTU MDD 10R ﬁasf’i%«ﬁii NUR I PLECATION

Materiale: Digestants «» 0,5 pepsin ln &0 cltric scic,
10% ?333?% ‘
Pentene, ¥/1 PO, Loventtelnedensen {(Led) medium,
brom thyael Llue {278} indicntor, 75 =l m:m
18 =} tubes, & =l sigettes, rebber bulk,
Sputum specliwens fros locel tubsrcvicels hesuitals,

Proceduret
1} Esch spetimen was dilvided intotse parts ece

nearly as possilble, Altarnate pipstiing of ie2 wl
wes Lhe usual procedure, dut scome teneciocus
speciacus had te be “"cul” wits scissors to divide
them, The porticny were placed in 75 =1 tubes and
an egunl volume of peapsin digestant was added to
one and 104 &uj?{}h te the other,

&) A few drops of 57TH wes added Lo esch tube,

The contents were Lhoroughly acitated, Distribution
of color waﬁ'&imgmlmd to detersine the endpoint
of sufficlent agitation, The tubes were inCubated
for 2 hours which was sufficlent for digestlon of

mozt specisens,




Procedure s

&1

santinued
3) If e digestion exceeded IC ml in msount, only
10 nl of it were used for centrifugetion end pentane

cracentration, The ﬁajgﬁh digest was trangferred

to 8 15 @l tube and centrifuged for 15 minutes

&t approxismately 2000 opr in an angle centrifuge,
The scidity of the pepsin dicest was neutralired
with /1 EOM to & Tainl greer then solitated very
thoreughly with an inch layer of pentene, 7he tubes

stood at least 15 minutes to allow maxisan

congentration st the Interface layer,

L} Froe esch, centrifuged sediment snd interface
faywr, C,1 ml was inoculated on £ tubes of LeJ
medivwn and {ncubated for 5 weehs,

§) Froa each cuncentration 0,05 ul wasused for the
acid fast stain, & patiern used under ithe siide
helped to mark off two areas «f 2 cm x 1 ¢ wilh @
red wax poncile This allowed almulianecus staining

fron the two digestions of each specisen,




DATA OF COUPARATIVE STUDY

Table 16

AFS_ Days: M 41 28 k)4
Te Pu kS i _r A T P
Spec, | ,
- # - * - o+ - * - %
2 * - & - + - . ] - . 4 -
3 - - - ] - $ - s 2 - *»
h + = + % + o+ +  * + 0+
S 4+ & - - ¢ * ¥ * o+
6 o = - % - 4 . + L
17 + + y + @ +*  + *
B = = - - - - - = - -
9 *» + - - - - - - + »
10 = * - = - - - - - -
11+« + * o+ + @ + N +
i2 + +* - - - - e - - -
13 0+« 4 * 4 + 4 % +  »
1 + =» - - - - - - ¢ -
15 + @ - - - - . - - -
it + - - - + +  *
17 = « - - - - - - - -
‘% - - - L - - -~ " - -

+ = pos, #T = 104 NaqyPOy procedure

- ®u neg, 4P = pepsinspentane Procedure




DATA OF CCMPARATIVE STUDY 63
Cultures
AFS Days: 1l 21 28 35

Sooc T# P# T P T_P T P T __P
19 + 4+ - - + 0+ + + + o+
20 - - - - - - - - - -
21 - - - - - - - - - -
22 - 4+ - - - - - - - -
23 - - - - - - - - - -
2l - - - e e e e o= - =
25 -+ - - - - - - - -
26 - - - - - - - - + -
27 - = - - = - - = - -
28 - - - - - - - - - -
29 - - - - - - - - - -
30 - - I - -
31 + + - - - - - - + +
32 +4 - - - - - - - - -
33 * + + 4 + o+ + o+ + +
3L -+ o+ o+ + + + + + o+
35 - - - - - - - - - -
36 L. - - - - - - - -
37 - - - - - - - - - -

#T = 10% NaBPOh

#P = pepsin-pentane procedure




DATA OF COMPARATIVE STUDY

Cultures

AFS Days: 14 21 28 35

T# P# T P T P T P P
§gec.
3 - - - - - - - - -
39 - - - - - - - - -
4o - - - - e e .- -
1 - - - . - e .- .
42 - - - - - - - .
43 - - - - e - - -
Lk - = - r e a = . -
b5 - - - - e - - -
46 - - - - - - - - -
L7 + o+ + + + 4 + + +
48 + 4+ + + + + + 0+ +
L9 & + + + + + + + +
50 - - -+ + + + + +
51 - - - - - - - + +
52 + + -+ + + + + +
53 + + - -+ T +
Sh + + - - - + -+ +
55 - - - - - 4+ -+ +
56 - - - - - . - - -

#T = 10% NaBPOh procedure

#P = pepsinepentane procedure




DATA OF CCMPARATIVE STUDY

NaBPOu procedure

#P = pepsin=pentane procedure

Cultures
AFS Days: 1L 21 28 35

T# P T P T P T P T P

Spec.,
57 + - - - + + +  + + 4+
58 + - - - - - - + - +
59 + - - - - + - + - 4
60 + 4+ - - + + + 4+ + o+
61 + 4+ - - + 4+ + o+ + o+
- 62 + + - - +  + + + + o+
63 - o+ - - - - - - + o+
6l -+ - - - - - - + -
65 -+ - - - - - - - -
66 - 4+ - - - = - - - -
67 -+ - - + - 4+ - + -
68 +  + - - + 4+ + o+ + 4
69 + + - - - - - - - -
70 + + - - - - - - + o+
71 + 4+ - - - - + - + -
72 + + - - - - - - + +
73 + o+ - - - - + = + -
T -+ - - - - - - + 4+
75 + 4+ - - -+ -+ - o+

#T = 10%

65




66
DATA OF COMPARATIVE STUDY
Cultures

AFS Days: 1l 21 28 35

T# Pst T p T P T P T p
Spec,
76 + o+ - - +  + + 4+ + 0+
7 - - - - - - - - - -
78 - - - - - - - - + -
79 - + - - - - - - - -
80 - + - - - - - - - -
81 -+ - - - - - - - -
82 -+ - - - - - - - -
83 - 4 - - - - - - - -
8l - 4+ - 4+ -+ -+ - o+
85 + o+ - - + o+ + o+ + +
86 + o+ - + - o+ -+ + o+
87 - - - - - - - - - -
88 - - - - - - - - - -
89 + o+ - - - - - - - ¢
90 + + - - - - - - - +
91 - - - - - - - - - -
952 - - - - - - - - - -
93 + + + 4 + o+ + o+ + +

#T = 10% Na3POy procedure
#P = pepsine-pentane procedure




DATA OF COMPARATIVE STUDY

67

Cultures
AFS Days: 1i 21 28 35
T# Px T P T P T P
Spec,
9, + + + 4+ + 4+ + o+ +
95 = + + 4+ + o+ + + +
9% 4+ + - o+ -+ -+ -
97 - = - - - - - - -
8 - - - - - - - - -
N - - - - - - - - -
100 - = - - - - - - -
101 - = « - - - e e -
102 « = - - - - - -
103 « = + o+ + o+ + o+ +
10, « = + o+ + o+ + o+ +
105 « 4+ +  + + 4+ + o+ +
106 + + + + +  + + o+ +
107 + + - - - - - 4
108 + 4+ - - - - - =
109 - + + 4 + o+ + 4+ +
110 + 4+ + 4 + o+ + o+
111 = - - - . - - -

#T = 10% NaBPOh procedure

#P = pepsinepentane procedure




DATA OF COMPARATIVE STUDY
Cultures
AFS  Davys: 1l 21 28
T Pit T P T P T P
Tpec,
112 - - - - - - - -
113 - - - - - - - -
11l - - - e e e = =
115 ' -+ - - - - - -
116 - + - - + - + -
117 - - - - - - - -
118 - - - - - - - -
119 - - - - - - - -
120 + + + + + + + +
121 + o+ - 4+ + 4+ + o+
122 o - - - - - - -
123 - - .- = - - - -
12l - o+ - = - - - -
125 - - - - - - - -
126 -+ - - - - - -
127 - - - - - - - -
128 + + - - - - - -
129 - - - - - - - -
#T = 10% NaBPOh ppocedure
#P = pepsin-pentane procedure
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Cultures
AFS Days: 1l 21 28 35
_ T#  P# T P T P T T
Spec,
130 - 4+ - - - - - -
131 + + - - - - - -
132 + o+ - - - - - -
133 - o+ + o+ + o+ + +
134 +  + + o+ + o+ + +
135 - - - - - - - -
136 - - - - - - - -
137 - - - - - - - - -
138 + o+ -+ -+ - -
139 + o+ - - - - - -
140 - o+ - - - - - -
141 + 4+ - - - - + +
142 « o + - + - + +
143 + 4 + o+ + o+ + +
14 - - - + -+ - -
145 - - -+ -+ . -
146 - - + + + + + +
147 o’ - + + + + + +

#T = 10% NaBPOu procedure

#P = pepsin~pentane procedure
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Cultures
AFS Days 1) 21 28 35
I T# P# T P T P T P T
148 - = - = - - - - -
149 - - - - - - - - -
150 - = - - - - - - -
151 - - - - - - - - -
152 - - + + + + + + 4+
153 - - -+ -+ -+ -
15, - - S
155 -+ + + + 4+ + o+ +
156 - o+ + o+ + o+ + o+ +
157 - - + o+ + + + o+ +
158 - - - - -+ - o+ -
159 - - - - - ¢+ - + -
160 - - - - - - - - -
161 + o+ + o+ +  + + o+ +
162 + + + 4+ + o+ + o+ +
163 + + + + + + + +
164 + o+ - 4 - 4+ -+ -
165 + o+ - - - - - - -

#T = 10% NaBPOh procedure

#P = pepsine-pentane procedure
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DATA OF CCOMPARATIVE STUDY
Cultures
AFS _ Days 1L 21 28 35
- T P T P T P T P T P
“Spec,
166 « = - - - - - - - -
167 + + - - - - - - - -
168 « = - = - - - - - -
169 -« - - - - - - - - -
170 - o+ - - e - e e e .
171+ 4+ - - - = - - - -
172 - - - - - - - - - &
173 - =« - - - - - = - -
17 - - - - - - - - - -
17 = = - - - - - - - -
176 - = - - e - - - - -
177 -« = - - - - - - - =
178 « = - - - - - - - -
179 « = -+ - 0+ -+ -+
180 + + -+ - o+ + 4+ + o+
181 « + - - - - + - + -
182 - - - - - - - - - -
183 + = + + + o+ 4 + o+
18, + = + - + - + 4+ + +
#T = 10% N33P0u procedure
#P = pepsin=pentane procedure




DATA OF COMPARATIVE STUDY
Cultures
AF3 Days 21 28 35
— T P# T P T P T P T_ P
Spec.,
185 + o+ - 4+ - 4 + 4+ + o+
186 -+ -+ - o+ + 4+ + o+
187 - + - + - + - + - +
188 -+ - 4+ -+ - 4+ - 4+
189 + + + + + + + + + +
190 +  + + o+ + ¢ + + + +
191 + o+ + o+ + o+ + o+ + +
192 - - - - - o+ + o+ + o+
193 + - - - + + + o+ o+
194 - - - .- + - + - + 4
195 + 4 - - + .+ + o+ o+ Q.+
196 +  + - - + 4+ + o+ + o+
197 + 4+ - - + 4+ + o+ + o+
198 - - - - - - - - - -
199 - - - - - - - - - -
200 - - - - - - - - - -
201 + 4+ + + + + + + + o+
202 + + + + + + + + + +
#T = 10% Na3POA procedure
#P = pepsin-pentane procgdure
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DATA OF COMPARATIVE STUDY

— _Culfares
— ALS Days M: & . 28 b S—
1s Pa .7 X S T2 I B
T - ;
€03 + 4+ + ¥ + o+ L *
204 * - o+ - * - ¢ -
205 - - “- - - = - - - =
318 - = - - - = - - - =
207 - - - - - - - - - -
203 - - - - - - - = - 2w
<09 L S - & - * - # - %
210 +* + + * * + * * »
211 * # + & R +  * + +
212 L *+ + + 4+ L .  *
Positive -
83 110 i 6 63 8 73 9% 8 100

o7 = J0% ﬁa;% procedure
&P w pepsinepentane procsdure




In diagnostic work wi sra lhterested not only in

more roliadle results butl also sarly delection of colany
growth, The tabulsted dats appsars to show both, Table 17
was suserized from the dets, The vertlical columns indicate
the nuaber of specCioent positive only Ly the 108 ﬁmsl"ﬂa@
method, the number positive only b the pepsinepentiane
procedure, and those positive by beth proecedures, The total
columns are sums of colunns 1| and 3, 2 and 3 respectively,
The percent colwmns sre Cowputed from the total columnwg i.e,,
Lh/68 m 65% and 64/68 = WX,
Tabie 17
SAENEY OF COLuPAMATIVE ATiY

oays 1M _1ae T ¢

W b M 4o 68 4 6 655 %
&1 & a6 57 2 63 88 &% 93
2 8 25 6 9% 713 % T s
35 i1 26 Th 113 8% 100 768 90%

*T m 108 Eajfﬂh procedurs
#F w pepuinepentane procedurs
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The standard error of the differsnce of two
pmywiimu and the "L test were spplied to deteraine the
a‘iwitwma ef thw percents in the last columne,
On the lith days
SEgq %\/ s 2 35

» 6,5 Ghi » 655 = 29% observed
difference

t = 29/6,5 » 4.5

On the 2ist day!

a v Alpdle IR = S 9 - Ok e

t = 2/5,5 = .3

On the 25th days

seg = /74 a% @.ﬁ B = 5,2, 9% « 745 = 105 observed
d \/ : + | v difference

t = 18/513 = 3.5L

On the 35t deys
e, = [16 fﬁ 85 » L9 0% » 765 » L% ebserved
4 \/ 33 *%‘2 8% ? Mdltnmmc

t = 2,88




7%

From the 11} postitive cultures 26 or 23,64 wers
posi tive only by the papsinepentiane procedure, and 11 or
9.9% by the 10X mujpah procedure, UGrossly this gppears
significant end the standard error of the difference of the
twe propertions shows the difference to be sf gnificant,

SE.» /29,0 x De @ % L] _7 | a}ﬁ; = 0% obsarved
e/ * Ehﬁifrﬁg‘l Sels difference

te Wgol - 2,8

A quick diagnostic precedure Iin Ltuburdazicosis is the
scid fust s2ain. The efficlency of the pepsinepentanc ;
procedure i agaisn indicated in the grester number of positive
acid fast staine, Table 18 is & sumpury of the tabulated
deta which reistes cultures and scid Zast stein,

Table 48
ALID PAST STALNS AND CULTURES

”Emi&"ﬁnax Staln
ot e Y 1]
Péy T4 49 i 5 9 3
Pey Te il b 2 9 26
Pw, T+ 3 b 1 3 L 3
Poy I= Al Y S 13, 124

Totals T 36 9 93 212

Some esmaples of the interpretation of Table 18 are2
L9 1 the number of specimens Lhat were positive on acid last
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stains from the inocule of Lhe concentration Ly both sethods
and were also positive on culture by both metheds, The §
at the top of the third colunn indicates that there wers
S specinens positive by stain with the 104 HagPly s necative
by Lhe pepsinepeniane awthod butl positive by beth culture
procedures,

The 73 that werse necative on both staln and ¢ulture
may be due (n grest puri to the many satients whe had been
ander extensive Lrealwent and were no longer espectorating
tubercle bacilli, A seCond reason may be that sne source
of specicens was a chest cilnic, The jpatients were adoftied
for any chest comlition and & sputus routinely collected,
It i quite likely misc that & tuberculsr patlent doss not
always sapectorste tm&&r@t& baciill,

( Of the 212 specimens processed 110, or 52%, were
positive on APS by the pepsinepentans procedure, iy the
0% NayPO, procedure 43 of the 212, or 194, were positive,
¥e were Interested In the significance of the d4ifference

ol these percesnts,

SEy ‘\/%ﬁw + 39 x 6 » U8, 528 e 39% e 134

Lt = 33/%2&*?3‘ 27
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From the 212 specimens processed 36 or 174 were
positive only by Lhe pepsinepentare procedure, 9 or Li were
positive only by the 10% ﬁajﬁﬂa method, The d4ifference

¢f these percents js highly si¢nificant,

%wvgﬁp‘ ® 2,9, 175 « 4% = 138

t = lmﬁ " .5

From tadle 10 we have susmarited further fn table 19
the enswers to questions auch gt How sany specinmens wepe
negative on stain by the pepsinepentane procedure butl
positive on culture by the sume procedure? Table 19 tells
us 25, The nusber 25 was computed fros four Tigures In
table 13 (third snd fourth columns and first end second rows),

Table 19
ACID FART STAIND AND CULTURES, part 2
“""mm —— -
CuTture ?+ Il g -
Pe s 67 25 33
T+ 67 58 184 27
Pe 3B 6 1 9

Tw 42 25 B85 103




A local hospitel laboratory divided LB spuls and
treated halfl of each Iy thelr routine procedure (BF NatH
snd centeifucation), Helf of sach specinen was sent to us
for the pepeinepentane procedure, Each laboretory presarcd
its own LowsnsteineJensen medfws, In tadle 20, negative
cultures are Indicated ¢3 such, but positive cultures are
indicated by the number of days for the first s;ppearance of
growth,

Takle 20
DATA UF COUPARATIVE STUDY ¥ITH ABOTHER
LABORATORY
A Culture ' ATS _ Cuiture

R X8 ke % — X X
g?&* - - - - gﬁ" - - - -~
- = - - 12 * - - -
3 + a2 28 i3 - - - -
Iy * - - - ;ﬁ; » - - -
5 - - - - i5 - - - =
b .- - - - 16 * ¢ - -
i - - - - 17 - - - -
8 + 4 14 22 18« - = -
? + - 13 - 19 4 @ « =
14 - - 20 * - - -

L -~
{continued on page 80 )




Table 20 continued

all = Loyola U, bept, of Merchiology

#X w local hospital lsboratory

ez Mis e LU X e WS . R
21 + 15 15 g? - - *« =

22 + 12 - 3% + o+ - -

23 - % - - 37 - e e =

& .+ 4 10 22 as - - - -

25 + e 12 - » - + - e

26 + » - - ko v = - 36
27 .+ * 29 36 41 . - 9% -

26 - - 12 - ha - - - -

29 * * i a2 §3 - - - »

30 o+ 4 8 a9 W e . .

3t + + - 23 k5 + & 13

32 + % - - kb + - 3

33 e = T

34 - = - - 8 - . - -




In specicen 31 we failed to get & positive eulture,
&l thouph b@t& laboreatories had positive steins, Our recopds
show thatihe soecimen wus received 5 davs aftér coliection,
weak viability and the psrolonced delay may account for the
lses, #We have zlsc cbserved Lhat sputum specimens have an
acid pH after such delays. We cannot account for specimen

hO and must simply sttridute it to chence,

Tsbie 21
SULIERY OF CUUPARATIVE STUDY WITH ARUTHER LABDRATURY

“Only "
- ST
AR 0 o 8 8 0 100 O
21 10 0 2 12 10 2 83 a7k
2 7 2 5 W12 7 86% So%
5 6 3 7 1 13 10 815 63

#LU « Cur Laboratory, pepsinepentane
&Y. = Another Laboratory, i NaOH and
Centrifugation
The iaterpratation of Lable 21 Is the seme as for table 17,

Tne I} and 21 day period sre grossly significent, An analysis

of the £9 and 35 day periods apre presented,




w
On the 28th dayt

% - ﬁ x 50 « 16,3, 864 » L0im 364 observed
difference

t = 35/16 = 2.2,
om the 35th day?

5B, -\/m_fz_u o« B3 x 37 w 15,6, D1 - 63% = 15% ebserved

‘ ﬁlii' gifference
t» 1,2

Frou the "t" teet we see that there (s no significant

difference Letween tie 814 end the &3%. We consider that the
nusker of specimens in thisperiod was 0o smwii, Iin the
comparative study within our own laboratory significent
results only becane apparent after a reprasentative number
of tesis hed been perforned, %e conpliled similar susmaries
in order to show the trend in even a small nunber of

specinens,
Table 22
ACID FAST STAINS ANG CULTLRES
| ACIT Tast Staln |
T Tulture bt Rt Lty fo o hloa e Mol Totals
Lue, Xe 8 - - - 8
L%, e 3 ] - 2 6
Lie, X 1 - - 1 2
wdilimg o s I | 2 20 iz
Totals 15 8 2 2 s

The interpretation of tuble 22 is the sums as table 15,
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Chapter VI
GENERAL DISCUSSION

Recovery of viable tubercle bMacillil for a positive
diagnosis of tubertulosis has sany obsiscles, 1f one
conslders thei the tubercie bacilll have been removed from
Lheir parssitic environment long before the specimen is
obileined, delay in processing, deletericus trestment, and
finslly srtificial culture zediumy §t is siuple Lo umierstand
that some tulercle bacilll may Tall Lo grow, We have been
concerned with the probles of processing preliasinary to
cuiture, Uubas (1954) considersd present day procedures
for cultivating tulercle baclilii fros clinicel spsciaens
8% "harbarous”™ trectmwent thal kiil many of the bsciili,
Provally ne procedure will e 1004 effaciive In the recovery
of ihe tubsrcie bacilil, ve belleve that the procedurs
that we have developed s an Lgprovement over clier procedures
in Common use,.

¥e have presenled significant experisental evidence
that the pepsinwpentans procedure is 2est for the processing
of sputum, We have alsc vesd this proecedure suwcessfully
on bronchoscopy specimens, These specisens are gultle muceld,
Dicestinn peed not proceed for more Lthan an hour, %e have
found thel {resh specimens, al!lhough wmucold, digest guickly,

They are also cosparatively free of contaslination,




&

The procedurs lends ftsels very well for dicestion
of mucus in gastric Julce with one medification, %Ye use
the 0,52 pensin without ciiric weld, This pepsin solution
i ususlly at pit L,2, In the s=all number that we heve |
srocensed the gastric Julce hed sufficlent aclidity to
activate the pepsin,

The pepslinepentane procedure wey 2180 be used very
satisfactorily to recovesr tubercle baciilli from lung tiesus,
The specismens may be best collected in sterile saline at
the postmortes table end the surglcal gross sxawninetion
table, In the becteriolegy laborstory the sections are
farther cut into small fraoments with scalpel ard scizsors
to speed ihe engynme digestion, The specimen is placed into
the Incubator and the provedurs is the seme as outlined,

we proposs the use of lsrynceal swabs with the
pepsinepaniane procedure alsc, The reports of Armstrong (1951),
Saene (1952 & 319%3), Chaves (1953) are comparative studlies
te show the efficienty of the larynoesl swabs over gastric
washings, In z1] of these olther 10% ”‘3@ﬁ%4¢’ 8% NecH
was the di estankt, SMankiewlcy (1953) used gelfven swabs
which read!ly dissolved In 3% NaCi, WYe have Found that
relfoam (Uplohn Ca,) dissolves within 20 minutes st room
tesperature with the pepsin digestant,

For spinal fluld, cyst@sanplﬁ and catheteriged




85

urine, Joint and thoracentesis Jluids, ate,, we omit the
pepein digestion, Pentane concentratlion Is sufficient,
{3teps 3 urnd | of the procedure on page 58) Por these
specismens we are slsoc Interested in membrane filtration
provedures as descrided by Trompke and Keoger (1952),
MHuller (1952), snd Morgsnte and Marray (19358),

From table 18 we determined that S2% of the 212
specinens were positive by acld fast siain with the pepsine
pentane proceduore whereas 395 were positive by staln with
”‘3*&& procedure, Tiroughout cult work the two sosar
preparations ware made on the seme sllde s¢ that stalining
was alweyr performed simultanecusly. Trequently we noticed
A conterast {n the intensitly of the stain reaction, 'The
papsineneniane procedure consletently gave an Intense
reaction, but the 10% ﬁnaﬁﬁa was not dependable. The latter
frequently appesred dull or fsded, We believe Liuls factor
is sigaificant for cer procedure, Speadlove, Cummins,
and Patnode (1949 a) slag obuerved loss of acideiastness
with Nald and ﬁ%;?ﬁhvttﬂﬁt%#ﬁt#u This could be an explanation
for supericr resulis from acid fast stains by the pepsine
pentane procedure.

Early diagnosis is a facter in efficlency of a

procedurs, YWith the sepsin-pentane procedure we have neot




only obtained more positive cullures bul significantly
ecariier resulis, Fromw table 17 we ses that in i days
&, vut of @ possible 100, were positive by the pepsine
penizie procedure whereas L out of 85, or 525, werse positive
by ihe ﬁn3?§§ procedure in the sewe time, In 81 days 855 of
the pepsinepsutane poslitives had eslready appoared and it
took 28 days for 73 out of 85, or 86X, of the ﬁaaﬁﬁhigwm&tiwaﬁ
t% Ap paar,

We expect culture sedius to speed up even these
early obscrvetions, for this purpose we have done some
work with tetrazeliius salts a9 part of culture medium and
fnve observed cfowth of tubercle bacilll by their reduction
of the saits Lo & red formason within three cays, Muth
work resains to be done bul it looks very promising,
vandiviere, Centey, and 2illls (1952}, and ageln wilits (1953),
und RochwSeser and Eert (1955) studied tetrazoliun salis

tn pelation to tuberele bacilli,
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Summary and Conclusionsg

We heve oresented 3 procedure for the recovery
of tudercle bdecilili from ¢linical specimsne which inludes
g pupsinecitric acid 41 csstant and concentration of the
tubercle bacilll at an interface by tﬁarﬁug@ aultation
with pentune, Analysis of data in & comparative study of
the new procedure and 108 Ha PO, procedure with 212
apwcimeﬁ#:QHQWO that the pepsi nepentane procedure glvest

s) & higher percentace of positives
h) more positives from direct acid feast stains
ef the concentrate used for (acculation

€} esrlier observation of cullure growth,
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