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This thesis is presented in 2 volumes: volume I contdins
the text and volume II the tables and illustrations. In
addition to the general table of contents at the beginning
of volume I, each of the longer chapters of the text carries
its own particular table of contents. In volume II, tables
1 to 54 summarise the results of authors whose work is

discussed in the review of the literature; tables 55 to 88

summarise my own work.

Experiments with the tubercle bacillus are notorious
for their time-consuming nature and for the frequency with
which they yield disheartening results. My labours, both
mental and physicel, proved to be no less than I had been
warned to expect, but I must emphasise that many of the
experiments would not have been possible without some co=
operation from others. It is with great pleasure that I
remember and acknowledge my sources of assistance and encour-
agement. |

This work was undertaken primarily because Professor
J. W. Howie drew my attention to the urgency of laboratory
problems concerned with the diagnosis, treatment and control
of tuberculosis; the work was done while I was & member of
his staff. His advice and encouragement lightened the
periods of depression which are inevitable in the type of
investigations required for this thesis; +the equipment and

technical assistance available in his department did much

to ease the physical part of my labours.
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For the purposes of my investigations it was essential
to have access to patients suffering from pulmonary tuber-
culosis. This important part of my work was fadilitated
by the courtesy and understanding of Dr. A. W. Lees and the
staff of the tuberculosis division at Ruchill Hospital,
Glasgow. I must also record my gratitude to the patients
under the care of Dr. lLees for their unfeiling co-operation
in the provision of specimens,

Discussion with other workers helped me to determine
my approach to certain problems. In particulér I am indebt-
ed to the following: Dr. E. Nassau, Harefield Sanatorium,
Middlesex, who drew my attention to the possible value of
his swab method which I investigated in experiment 12;
Dr. D. D, Reid, London School of Hygiene and Tropical lMedicine,
for access to unpublished information concerning the inecidence
of pulmonary tuberculosis in laboratory workers; and Dr. W.
deNaught, Ruchill Hospital Laboratory, Glasgow, for access
to unpublished informetion on & simple wethod of determining
the sensitivity of tubercle bacilli to anti-tuberculous drugs.

I wish to thank the donors of certain materials used
in my experiments: Dr. N. R. Grist, Department of Virology,
Ruchill Hospital, Glasgow, for a supply of Mycostatin;
Burroughe Wellcome & Co. Ltd. for a suoply of Polymyxin B
sulphate; Sharp and Dohme, Ltd., for a surply of Bacitracing

and Geigy, Ltd., for a supply of Desogen.
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University. The photographs were tazen by Lkir. G. Kerr
and the coloured drawings were made by Mir. R. Callander;
I am indebted to bota fer toneir skill gnd co-operation.
I sn indebted to tue Rankin Researcia Fund for a
grant towsrds the expenses of tihis work.
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co-operation, and courtesy in the preparation of this

thesis for publication.

Robroyston Hospital Laboratory, A. J. OQ'Hea
September, 1957. ,



PABLE OF CONTENLS

INTRCBUCTION '.oca.nounncooi.on SO he Do s tesvtospeye

I‘ITERATU:E{E ®® 00 %0 vePe ‘I..-.....‘..Q.‘l...........

EXPERIMENTS:" .0"-'0.0.0.‘0-ta.oaoono.!oo-.'.coo
MEDHCUS USED FOx INDIVIDUAL EXPERIMENTS eeaso

INDIVIDUAL EXPERIMENTS RESULTS ARD
ANALYSIS S0 @0 0608 %5 000800 8 000 Poe bsres e e toes

GENE:{AL DIQ‘CUSSIO-N ® 0 0 & 8 00 & 0 050 00 90 g 0o s 0o o e 0o
SULHV;A.R.Y ® 00000000 Sy P sSsNALEs IS OS 0s Se s asese e R

BIBLIOGRAPHY ® e & 000 0 s s 00 0ot pe o e e 0P oo sens ey

68
72
84

118
174
208
214



INTRODUCPION



The examination of sputum for the presence of
tubercle bacilli is an important part of the work done by
hospital laboratories. Before the introduction of the
chemotherapeutic agents which have profoundly changed the
results of treatment of tuberculosis, the aim of laboratory
investigations was chiefly diagnostic: +to establish or
confirm a diagnosis of pulmonary tuberculogis; to assess
the activity of a pulmonary lesion tnougnt to be tuberculous;
and to determine whether or not a tuberculous patient was
g dangerous source of infection to others. Although the
most rapid method of demonstratiang tubercle baecilli is the
microscopic examination of a suitably stained smear of
sputum, the most sensitive method is the isolation of
thege organisms by culture or by the inoculation of a
guinea pig. |

The introduction of para-aminosalicylic acid,
streptomycin and isoniazid for the tregtment of tuberculosis
has increagsed the importance of isolating tubercle bacilli.
The use of these drugs is complicated by the emergence during
treatment of tubercle bacilli resistant to the agént or agents
employed. It has been established by the Tuberculosis
Chemotherapy Trigls Committee of the liedical Research Council
(1953b)that, during treatment, the incidence and emergence
of strains of tubercle bacilli resistant 5o chemotherspeutic
agents is greatly reduced by using these agents in combination

rather than singly. The combination of two agents
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does pot nrevent the development of resistance if the
patient's strain is initially resistant to one of the agents.
Therefore, before treatuent begins, it is highly déeirable

to isolate tubercle bacilli from the patient in order that

he may be treated with a suitable combination of anti-
tuberculous drugs determined by testing the sensitivity of
his organisus to these drugs. The isolation of tubercle
baeilli is also important in assessing the response of &
patient to chemotherapy. One of the most favourable
prognostic signs is the repid elimination of tubercle bacilli
from the sputuun. During treatment - especially if the
patient makes disappointing progress - it wmay be necessary to
isolate tubercle bacilli for tests of sensitivity to anti-
tuberculous drugs in order to establish whether the patient's
organisinis have become resistant to the drugs employed and,

if this is the case, to indicate the appropriate agents for
further chemotherapy.

The comion methods of isolating tubercle bacilli from
sputum involve shaking of the sputum with an agent which kills
organisms other than tubercle bacilli. Usually sodium
hydroxide or sulphuric acid is used for this purpose. These
decontaminating procedures also homogenise the specimen and
peruit concentration of the tuberecle bacilli by centrifugation.
Such methods are far from idesl: (1) they are time-consuming
and demand a high standard of technical skill on the part of

the laboratory worker; (2) they are dangerous because & highly



infective gerosol is likely to be relegsed when a specimen
containing many viable tubercle bacilli is homogenised by
shaking with a decontaminating agent; (3) although decon-
taminating agents are used to provide an inoculum free from
live organisms other than tubercle bacilli, they also reduce
the number of viable tubercle bacilli in the inoculum. These
undesirable features of the common decontaminating procedures
assume much greater importance when a lgboratory has to deal
with 1arge numbers of specimens. The advent of specific
chemotherapy for pulmonary tuberculosis has recently increased
the demand for laboratory examinations of sputum to such an
extent that, in this country, laboratories serving tuberculosis
clinics and éanatoria have to cope with numbers of specimens
greatly in excess of the number which can be nandled safely
and efficiently by preseat methods. This problem is even
more acute in countries which do not have weli-dsveloped
laboratory services. The tendency in some overworked
laborstories to operate these methods with young members of
technical staff who have not completed their training is a
source of gregt danger to these trainees and to others working
in their vicinity.

It is important, therefore, to re-examine methods
of isolating tubercle bacilli taking into account not only the
factor of efficiency, but also the factors of simplicity and
safety. This thesis presents: (1) a critical review of

bacteriological methods for the control of tuberculosis and

its chemotherapy with svecial reference to factors which



make for safety in large-scale work in lgboratories which

are not specially designed to prevent the exposure of
technical staff to aerosols likely to contain numerous visable
tubercle bacilli; (2) methods of asgessing the efficiency

of decontamination procedures for the isolation of tubercle
bacilli from sputum; and (3) a critical examination of the
efficiency of a number of methods of isolating tuberecle

becilli from sputum.
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SCOPE  OF LITHRATURE RAEVIEWED

The most important pre-requisite to the isolation of
tubercle bacilli from patients suffering from pulmonary
tuberculosis is to ensure that the inoculum employed has been
freed from organisms other than tubercle bacilli - in other
words, the sputum must first be efficiently decontaminated.
Other factors - for example, the choice of medium, the
number of tubes of mediuw inoculated, the inelusion or
omission of guinea pig inoculation - have an important
influence on the efficiency with which tubercle bacilli will
be isolated frow the specimen. These additional problems
will not, however, be treated in detail for two reasons.
First, the method adopted for the decontamination of the
specimens of sputum determines 1) the time spent in the routine
isolation of tuberele bacilli from sputum and 2) the safety
of the procedure. Second, the lethal effect on tubercle
bacilli of the decontamination procedure exerts an important
influence on the results obtained with artificial media, with
animal inoculation, or with a combinstion of these two
procedures. This review of the literature will therefore be
limited to the following topics: (1) the efficiency of
standard methods of isolating tubercle bacilli from sputum;

(2) new methods of isolating tubercle bacilli from sputum;



() tne olace cf micro-culture metnods in routine laboratory
oractice; (4) metnods adopted when sputum is not aveilable
for the isolgtion of tubercle bacilli from patients suffering
from pulmonary tuberculosis; and (5) the safety and sim-
plicity of these and other laboratory procedures adopted for
the diagnosig, trestmnent, and control of pulmonary tubercu-
losis.

Por thne convenience of the reader, I have tabulatzd tioe
‘
most important results of trigls of methods of isolatiag
tubercle bgcilli from sputum. In my tables, the pregsentution
of results often differs from that given in the originsl
papers. It was necessary to compile these tables for the
following reasons. Pirst, I have adopted a fairly uniform
scheme of presentstion in order to facilitate comparison of
the results of different studies. gecond, the results
reported in some of the studies in this review were eitner
not tabulated or pocrly tabulated and tnerefore required
clarification, Taira, it is important to know the type
of specimens with which g given result was obtained becszsuse
specimens containing few tubercle bgcilli snow differences
between methods of isolating tubercle bacilli more clesrly
than specimens containing many tubercle bacilli; the
tables wiican I have compiled eltuer izdicate tne type of

specimen used Or indicate tuat inforugtion concerrirg tue

typve of speci.en has not been given in the original pager.
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EFFICIENCY OF STANDAKD wiATHOUS OF ISOLATING TUBERCLE
BACILLI FROM 5PUTUM

The development of methods of isolatiax tubercle bgcilli

from sputum.

Antiformin, & mizture of equal volumes of 15 per cent.

godium hydroxide solution and liquor sodae chlorinastae

(B.P.) was the first agent used for the isolation of tubercle
bacilli from infected materigl (Uhlenhuth snd Xylander, 1909);
Griffith (1914) introduced the method to this country. Because
the antiformin method failed "to give a rapid and uniform
growth" and because "repeated washing of the sputum with
sterile water diminishes the number of organisms gnd incresses
the possibility of contamination,” Petroff (1915) introduced
the use of sodium aydroxide. He trested the sputum with an
equal volume of & per cent. sodium hydroxide for from twenty

to thirty minutes, neutralised tne mixture with normal aydro-
chloric acid and inoculated media witan the deposit obtained

by centrifuging. In his hands the method yielded 69 cultures
from 69 specimens of sputum, 6 of wikich were negative for

acid -fast becilli by microscopy. Ldwenstein (1924) suggested
the use of sulphuric aci@. His results - like those of
Griffith with antiformin - indicate only that tahe method is
feasible gnd do not compare this method with any otner methnod.
Corper and Uyei (1927) preferred treatment with 6 per cent.
sulphuric acid to treatment with 2 per cent. sodium hydroxide
and later, (1930), sugzested thne use of 5 per cent. oxslic acid

instead of mineral acid. They claimed tonat oxalic acid ns&d



3 aivantazes: (1) it was svailable as s chemicslly pure colid
from which soluticng of the required gstrenztin could oe msade up
rapidly and accurately; (2) it was less toxic to tubercle
bacilli than sulvohuric acid;(3) it controlled coantsmingtion mora
effectively t.an sulphuric ascid. In 1948 Junguana and
Gruschka described an acid—iron~peroxidé method for tine
homogenisation of sputum for microscopy and culture. This
method gave satisfactory results in the hands of Nassau (1v42),
and became popular in this country. To 5 ml. of soutum are
gdded 3 ml. of 2 solution of 10 per cent. ferrous sul>hate in
10 per cent. (V/V) sulohuric acid and 3 ml. of a & der cent.
solution of hydrogen peroxide. The exsact concentration of
hydrogen peroxide in the originasl metnod is considered by
Anderson et al. (1953) to be eguivalent to & 10 volume solution
hydrogen peroxide; +tney emphasise tnat Nassau specified & conce-
ntration of 1 volume per cent. which they presune means a
1 volume strength solution and that this weaker concentration
is the one which has been erroneously adopted by most workers
in this country. Corper and Stoner (1946) suggested the use
of trisodium phosvhate because they found it less toxic to
tubercle bacilli than sodium hydroxide or oxalic acid; they
reconmend treatment of tne snecimen with trisodium phosphnate
for 24 houfs at 37°c.

Although tne antiformin metnod is still used for tae
cultivation of tuvercle bacilli in some laboratoriss, most
workers have discarded it in fgvour of one of tae otaoer

wetnods.  Griffitn (1916) drew attention to tue fact toat



in "thin" sputa "tubercle bacilli themselves did not long
regist the action of 5 per cent. antiformin. In 1%
experiments mixtures which yielded pure cultures of tubercle
bacilli after 10 minutes' exposure to 5 per cent. antiforain
were sterile after further periods of 5 or 10 minutes."
Lurie (1929 ) showed that the antiformin method was inferior
to Petroff's sodium hydroxide method (table 1) and Saenz

and Paterson (1938) found a final concentration of 10 per
cent. antiformin inferior to sulphuric acid used in 7.5 per
cent. final concentration. soltys (1952) classified it
under "methods to be used only before direct microscopy.”

The other metnods have been investigated by numerous
workers but these studiesg have produced no general agreement,
the results obtained by one worker often contradict those of
another. There are many possible reasons for this state
of affairs. Two different general methods of trial have
been zdopted: (1) a comparison of two or more methods using
large number of gspecimens of sputum and (2) quantitative
studies of the lethal effects on tubercle bacilli of two or
more methods.

The first method seems ideal - "the proof o' the
puddin's the preein' o't" - but the following digadvantages
must be borne in mind. First, the numbers of specimens mﬁst
be large enough to yield statistically significant results;
second, if specimens containing large numbers of tubercle
bacilli are used, tane differences between methods may be

minimised and if a series of specimens contailaning swmall nwabers



pf tubercle bacilli is used it will probably contain a large
number of specimens incapable of yielding positive resﬁlts by
any method; and third, this kind of trial only relates

one method to another and doeg not establish the efficiency

of any metnod in absolute terms. The second method can be
made to yield absolute results concerning the lethal effect of
the agents under trigl but so far these values have been
established only with aqueous suspensions of tubercle bacilli
or with_non-tuberculous sputum to which has been added a known
number of tubercle bacilli; it is doubtful if such studies
provide valid results for the assessment of methods to be used
in routine laboratory practice.

Apart from the difficulties introduced by having two
main ways of assessing decontamination methods, it is often
impossible to compare the results of one worker wita those of
another for tne following reasons: (1) because the details of
these methods are easily modified, (2) because different media
are employed by different workers and (&) because the results
are often recorded with insufficient detail (see p. 8 of this
thesis). It is proposed therefore to present the results
obtained with specimens of sputum in a recent carefully controlleé
trial conducted by the Public Health Laboratory Service (1952)
and, in the light of the results of this trial, to examine (1)
the results obtained with these methods by other workers who
used series of sputum specimens; &and (2) the results obtained

in quantitative assessments of the lethal effects on tubercle
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bacilli of these decontaminating agents.

Evalustion of Standard luetnods

Public Health Lsboratory Service Trial (1952). The methods

[
S

examined in this trial were (1) treatment of the soutum wita
equal volume of 3 per cent. (V/V) sulphuric acid at $7°C for
not more tnan 30 minutes, (2) treatment with an egual volums
of 4 per cent. sodium hydroxide until homogenisation was complete,
(3) trestment with acid-iron-peroxide, using a concentration of
hydrogen peroxide of 1 volume strength (see p. 10 of this thesise)
for 20 minutes at room temperature and (4) treastment with
trisodium phosphate for 24 hours at 5700. Twelve lshborstories
took part in the trial but all controllsble details of procedure
were carefully standardised throughout the 12 laboratories. in
each laboratory the metnods were to be tested in pairs on zroupgs
of 52 specimens and the 6 possible combinations of pairs Trom thne
4 methods were tested in each lgboratory; a few laboratories
were unable to complete this programme for every valr of mstnods
under trisl. The trial was planned in 6 stages, arran:zed

so that in any stage all the possible combinations were

tested, each combination being assigned to 2 of the 12 lgb~-
oratories. The specimens of sputum examined at each staze

by each laboratory were selected so that roughly taree quarters
were negative by microscopy for acid-fast bacilli and the

renginder were positive by microscopy. The microscopicelly



negative soecimens were selected from out-patient tuover- 14
culosis clinics and sanatorig; the microscopicaily positive
snecimens were defined as those "in woich, on carsful examicotion
of 100 fields, 20 or less than 20 orggnisms or clumps of

organisms morphologically rcsembling liycobacterium tuberculosis

were detected.” Each specimen in the trial was therefore
examined by 2 methods, the specimen being divided egually
between the two methods. The nuaber of examinations renorted
in the trisl is therefore twice the number of soecimens wuszed.
In addition to the mgin results of tine trial (table 2), it
was shown tnat the division of the sputum into 2 gortiocas cid
not bias the results; first and second porfions of speciuens
yielded comparable numbers of positive results.

The trial placed tane four methods in taec followingz
order of efficiency: (1) the godiun hydroxide metnod; (2)
the sulphuric acid metnod; (3) the scid-iron-peroxide met.icd
and (4) the trisodium phosphate metnod (table 2). Tue order
is the same for specimens negative by microscopy, speclumens
positive by microscopy and for all specimensg tagen togetucsr.
Dignificgnt differences between tne methods, however, sare
only obteined witn microscopically negative specimens: the
sodium hydroxide method is significantly superior to the
three other methods gnd tne sulphuric acid metnod is
significantly superior to the trisodium phospnsgte metinod.

In the introducticn of tne paver reportingz this
iavestigation, attention is drawn t0 tue coatradictory
nature of tre liter:sture on methods of prepariag sputum for

the inoculation of media;, +tne discussion of thne results,



however, makes no sttempt to examine the results of other
workers and it is simply stated that "the conclusions are
valid only for the technique as described including the

use of Léwenstein-Jensen medium"™ agnd that "with variations

in the technique or the use of different media different
fesults might have been obtained, affecting the order of
merit assigned to the various methods.” This cagutious
attitude is justified to some extent because it is difficult
to compare results obtained by different kinds of trials
carried out under conditions which may differ greatly from
one lgboratory to another. Nevertheless, failure to examine
the results obtained by other workers suggests (1) that the
significant difference between the sodium hydroxide method
and the other methods is some kind of artefact depending
entirely on the details of procedure adopted for tne other
methods and (2) that modification of one of tue other methods
might make it as efficient or significantly more efficient
than the sodium hydroxide method.

Other trials with series of sputum specimens. The following

methods were tested by Baker (1951): (1) treatment with
sodium hydroxide combined with flocculation (Hanks et al.
(1938), (2) treatment with 5 per cent. oxalic agcid, (%)
trestment with trisodium phosphate, (4) treatment with gcid-
iron-peroxide, using 1,volume strength hydrogen peroxide and
(5) trestment with sodium hydroxide. Using a table of
random numbers, specimens of sputum were allocated to each

method in batches of 12; each specimen was cultured only by
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one method. The results in table & are tsken from Baker's
paper. The number of specimens tested by each method is
small. In gaddition, comparison of the results of these
small series is made less profitsble by the fact that the
specimens used in each‘series were different. Such as they
are, the results agree with those obtained by the Public
Health Laboratory Service in placing the sodium hydroxide
method first in order of efficiency, esvecially for specimens
negative for acid-fast bacilli on direct microscopy; on the
other hand, the oxalic acid method used by Baker is inferior
to the trisodium phosphate method whereas the sulphuric acid
metnod used by the Public Health Laboratory Service was
significantly superior to the trisodium phosphate method for
specimens negative by direct microscopy. In tnis connection
it must be noted that the exposure time adopted by Baker was
40 minutes at 37°C for oxalic acid and that the corresponding
time for sulphuric acid in the Public Health Laboratory sService
trial was never more than 30 minutes at 37°C. There seenms
to be little advantage in the modification of the sodium
hydroxide method proposed by Hanks et al. and the results
obtained with the acid-iron-peroxide method are very poor for
specimens negative on direct microscopy.

Most of the other authors who use series of specimens
in trials of methods of preparing sputum for culture limit the
study to a pair of methods. These trials will be considered

under tans following hegdings: -



a) Compariscns betweern glkali metunods.

b} Comoarisons between scid metnods.
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between glkgli metnods and gceid wetnoiz.
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¢) Compar

g) Gomparisons between alksgli methods.

At first sight it seeas strange that the sodium hycro=
xide method should‘be so much better tran anotner alksali
metnod,'the trisodiuwn phospaate method, in tae ngnds of tie
Public Health Laboratory service (table 2). Tais result
confirms t..at of lullahy (1950, table 4) wuo found a ditisrsunce
between trne two metnods which agrees closely witn tanat found
by the Public Health Lsborstory Serviee. 4 striking superior-
ity of the sodium hydroxide method was also demonstrated uy
Byhan (1950, table 5). Mullahy and Byham, nowever, sexzstclicuzed
very high contamingtion rates witn the trisodiuan pnosonzts
method (30.4 per cent. and 20.2 per cent. resopectively);
these contamination rates bias their results in fevour of *tue
sodium hydroxide method.

On the otner nand Starkey and Aubert (1950) claim
better results with trisodium phospnate tnan with sodium
hydroxide for specimens negative by microscopy. Their »s:zults
(table 6) do not show & greszt difference between the two
methods except when trisodium phospnate is used as a trensgoort
medium for specimens received by post. Altnough in one
comparison the sodium hydroxide metnod is sligntly wmore
efficient than tiae trisodium phosphate metiod, they suzgeat

tnat the microscoopic examingtion of tue specimens treatea witn



is
gsodium nydroxide was uns dtlsfactOfy becauze of temporuary
stéffing difficulties and tugt some of these soeciuerns would
nave been classifed gs positive by wmicroscooy by tue stoundasr s
of exanination adopted for the trisodium phosphate metnod.

Gifford et al. (1951) and Peizer et al. (1954) found little

( ;"

‘difference between tne two methods but neitiuer of taese zrouos
of workers give details of results with specimens nezativs

by microscopy (tables 7 snd 8). A1l of these investigeatiogs
which show that the trisodium phosphate method is equsl to cr
suverior to the sodium hydroxide method were conducted uvndsr

conditions which differed from those adopted by tane Public

Health Laboratory Service. Starkey and Aubert used g finsl

&)

congentration of trisodium phosphate equivalent to &.9 per
cent. of the gnhydrous salt and Peizer et _al. wuose study was
condﬁcted on specimens obtained from out-patients used

.4 +5 per cent. of the anhydrou% galt as a collection mediun
(giving a final congentration of approximately 2.5 per cent.
trisodium phosphate after the gddition of sputum); tne final
concentration of anhydrous salt used in tne Public Heslth
Laboratory Service Trisl was 5 per cent. Gifford et al.

used 5 per cent. df tone anhydrous salt but redugsd tue esuvsure
time to 10 minutes compared with 24 hours adopted by tae Puivlic
Heslth Laboratory Service. These chnanges migbt account ior
the more fgvourable reports by thnese workers on trisodiun
onosphate; it is swrprising that tnelr contamination rates
(tebles 6, 7

and 8) comoare favourably w1+n tnose obtained

14

by tne Public Health Laboratory Service.



b) Comparisons between gcid metnods.,
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Gorper and Uyei (1930) compared oxali

acid. They found (table 9} tanat oxalic acid gave sligatly

®
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better results tonan sulphuric acid when uged st 5 »
strength. On this basis gnd for reasons of convenience {(cee

pe 9 gnd p. 10 of tnis thesis) they recommended the use of

5 per cent. oxalic acid.

Cellins (1952) compared tne oxalic acid wethod with
acid-iron-peroxide. He found (table 10) thet the acid-iron-
peroxide method was inferior to the oxalic acid methoc. Tolg
result is in keeping with those of the Public Healtnh Laboratory
Service in whose hands acid-iron-peroxide was legs efficlent
than sulphuric ascid (table 2).

gollins statesvtnat a nunber of nisg LOwenstein~denscu
medig developed g deep green colour. Not all of tnese wedix
were contaminated; in some the medium remsined gcid after
incculation and remained sterile. He suggests tunat resalit:
with geid metnods might be improved by neutralising the ccdiment
befeore inoculating the medisg. A similar phenomenon was
reported by Corper and Cohn {1923a); they found '"that tiae
saline washing does not suffice to remove the gc¢id from fuoe
tiscue residue and tast the materigl when planted wmey still
register a low pH (2-4), én acidity which may possibly goveicst
in the plahted specimen for some time after incubstior i
bezun." Neutrslisation Waé not gdopted in the sulonuric scic

metood used by tihe Public Health Laboratory 3Jervice.
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dnderson et al. (1983) clsimed tuat, because the conusui~
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tretion of o ver cent. hydrogen Peroxide reconuendsd fo;
gcid -iron-peroxide method by Junzmann (1958) nas been mis-
interoreted, the strength of hydrogcen peroxide uged by tuc
Public Health Lgboratory Service is only one-teatn of tae
correct strength. They show that, if tune metiod is carrisd
out according to their interpretation of ™"J per cent.
hydrogen peroxide,”" liquefaction of sputum is complete in 5
minutese. Altinough tiiey do not provide results couparable
to those provided by tne Public Healtnh Laboretory Service,
they give results of g small trigl with 110 speciwmenc of
sputum (table 11) wuicn "support our oellef toat Jungasno s
original method is legst not inferior to the glkall metnod
of digestion." Better results might be expected from tue
acid-iron-neroxide method if tine time of exocosure to tnis
agent were reduced; the nigher concentration of nydrozen
peroxide adopted by Anderson et al. shortens the period
required for complete nomogenigation. Avart from tinis,

the Public Heslth Laboratory Service (1953) has suown tas®,
in certain centrifuges which tend to heat when operated for
prolonged periods, they obtagined better resultsg with the
acid-iron-peroxide method by reducing the period of centri-
fugation to 15 minutes ingtead of the 30 minuteg adopted for

the 1952 trisl (p. 13 of tais tonesis).
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Macfarlsne et sl. (1955) comogred the sodium hydroxide
1

method in tro series of soecimens. Ir cne zerie ae

[l

streneth of hydroger peroxide was tiat sdooted ty fnderson =t ol.
(1953) gnd, in the other, that sdopted by the Public Healtn
Laboratory Service for the 1952 trial. The effect of »oro-
longed centrifugstion was also tgken into gccount. The wvest
results with tze acid-iron-peroxide metnods were obtained with
g centrifugation period of 15 minutes but eVen under taese
conditions neitner acid-iron-peroxide metucd compared favoursbtly
with the sodium hydroxide method (tables 12 and 13}.

Corper and Uyei (1927) made g comparison between sodiua
hydroxide and gulohuric scid in 6 specimens of sputum known
to contain gcid-fast bacilli. They concluded tngt 6 per cent.
sulphuric gcid was superior tp sodium hydroxide gnd some 0l
the figures on which tney base tnis conclusion are snown in
tsble 14. In 1930 tuey suggested that 5 per cent. oxalic
acid was superior to 6 ver cent. sulphuric gcid (see tsble o
and pages 9 gnd 10 of this thesis). These results gre rataer
insdequate but in 1933b Corper and Cohn conducted s trial rith
spvecimens in which aicroscopoy failed to demonstrate acid-~fazt
bacilli. Presumably tae reagson for this trisl was toat "...1it
is our experience ..... that results obtained witn studies
pursued with sputum bositive in microscopic siuears are of oo
velue in studying methods for isolation, or for studying *tae
value of nutrients, for smgll numbers of bacilli.” In tiis
trial two different sets of workers egcn succeesded in igolsetinz

tubercle bacilli from about 50 per cent. of t.e soreciuens by
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the oxglic acid metnod; combining tme results of bota woraers,

the prooortion of positive results rose to 71 ser cent.

results obtained witih the sodium hydroxide metncd sre not

reported in detail because the contaminstion rate with taois

m=thod was very nign (about 52 per cent. for egz wedium).

LIie
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The work of Corper and his colleagues in tais field 4id muca

to popularise acid methods of isolating tubercle bacilli
from soutum; it must be emphesised that scrutiasy of treir

suggests thgt acid methods yielded better results becaucze

methods gave more satisfactory eontrol of contamination su

kY]

i
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because acids sre legss lethal to tubercle bacilli tasn slioelis

In this connection it will be seen that g lstzr (see p. 1C

of thig thesis) method described by Corper snd Stoner (1946

recommends the use of trisodium phospnsgte - an slkaline sult

for the isolation of tutercle bacilli and tihat thais method
to give satisfactory control of contamination in tue rnands
Mullsihy or Byham (see p. 17 of tnis thesis'; tables 4 ard
and tnst in the 1952 triel by the Public Heglth Laboratory
Service it gave the highest contamination rate of tihe four

methodes tested (table 2). Gernez-pieux, Sevin and Cnenet

1

4-

(1v4

and iiadsen {1950) also compgred sodium hydroxide gud sulphuric

acid. Both found sodium hydroxide tae more efficient (tauvles

15 and 16) but Gernez-Rieux et al. used different series ol

sputum for esgscih method. Madsen does not separate specimens

wiich sre pogitive on microscopy from tucse waich sre nerutive;

the difference in efficiency between the two metrnodg ig rot

very convincing.

)
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In the original paper describing the use of trisodium
phosphate, Corper and 3toner (1946) compared the trisodium
phosphate method with the oxalic acid method in 18 specimens
of sputum which héd given negative results by microscopy and
by guinea pig inoculation. The trisodium phosphate method
yielded & positive results whereas the oxalic acid method
failed to yield any (table 17). In this small trial, the
specimens were exposed to the action of oxalic acid for 1
hour. This is in excess of the exposure time adopted by most
laboratories and destroys what little significance these results
may have. Van Vranken (1947) also compared trisodium phosphate
with oxalic acid and obtained slightly better results witia
trisodium phosphate (table 18). Because tne difference in
favour of trisodium phosphate is small and because a different
series of gspecimens was used for each method little significance
can be attached to these results. On the other hand Beattie
(1949 ) found hydrochloric acid superior to trisodium phosphate.
The majority of her specimens were positive by microscopy and
therefore her results probably minimise the difference between
the two methods (table 19).

The following conclusions can be made from these
comparisons of the results obtained in the trial conducted by
the Public Health Laboratory Service and those obtained by
other workers who used series of sputum specimens.

1) There is no evidence that any method is more efficient tanan

the sodium hydroxide method. This method should therefore be



used ags a control procedure in trisls of new methnods.

2) The origingl trisodium phogohste method descrived Ly

Corper and Stoner (1946) may be modified so taost it yields
results which compare favourably with those obtained by tue
sodium hydroxide method. The trisodium phosphate method nac

a speciagl application in soecimens collected from out-patients;
it yields its begst results winen used gs a transport mediuwu for
thece specimens (Peizer et _al. 1954; Starkey and Lubert 1950).
3) Acid-iron-peroxide metnods do not compare favoursbly witn tae
godium hydroxide method or with otner acid metnods. Bver tre
results of Anderson et al. (1955) who propose turtuer larze-
scale triels of the method suggest that it is inferior to tue
sodium hydroxide method for specimens in whicn scid-fast pbacilll
cannot be demonstrated by microscopy (table 11).

4) In the trisl conducted by thne Public Healtn Lavoratory
Service, failure to neutralige nomogenstes prepared by tae
sulohuric acid metnod may have bigssed the recults agzinct tale
method but it is difficult to assess how far tais sffectzsd tue
efficiency oi tine metnod in comparissn witn tanes otaer met.ols.

The letnal effect of decontaminating agents on tuvercle vecliili.

Qquantitative studies. Corper and Stoner (19Y46) compared

the lethgl effects on tubercle bacilli of caline, sodium nyiro-
xide, oxglic acid gnd trisodium phosphsate. Agueous susoensions
of tubercle bagcilli conrntaining 1, 1 x 10'3, snd 1 x lO-G.QRU.

per ml. of orggnisms were treated with each gzent. Tne reculte



are presented in table 20 and show that, in a solution of
trisodium phosphate with a fingl concentration of 5 per cent.
of the anhydrous salt, tubercle bacilli survive for a longer
period than they do in saline. Further, under the conditions
adopted for‘this experiment, exposure to sodium hydroxide or
oxalic acid for periods less than 2 hours has a lethal effect
on tubercle hagcilli and tends to delay the appearance of
macroscopic growth from the organisms which survive. A
gimilar experiment was carried out by Spendlove et al. (1949)
in which survivalvas assessed by viable counts made at intervals
after mixing aqueous suspensions of tubercle bacilli with a
number of“different agents. These counts were compared witn
counts obtained by mixing the test suspensions with taseir
respective decontaminating agents neutralised before mixing.
Table 21 shows the results obtéined with trisodium phosphate,
sodium hydroxide and sulphuric gcid. There is little difference
in the 1ethél effects of these agents sfter 40 minutes; after
this time there is little increase in the number of organisms
killed by trisodium nhosphate whereas the number of vigble
organisms continues to diminish rapidly in the mixture contain-
ing sodium hydroxide and even moreArapidly in the mixture con-
taining sulphuric acid. Although these results are similar
to those of Corper and Stoner (table 20), the method adopted

by Spendlove et al. reveals that trisodium phosphate does have



a lethal effect on tubercle bacilli. Spendlove et al. also
compared the lethal effects of = decontaminating sagents on
tubercle bagcilli in sputum. Ten specimens of sputum were
pooled and thoroughly mixed; aliguots of the mixture were
then exposed to the action of decontaminating agents and
vigble counts were made at intervals. The results for sodiwn
hydroxide, trisodium phosphate, oxalic acid and sulphuric acid
are presented in table 22. Because the numbers of tubercle
bacilli which survived the first periods of treatment were too
great to be counted by the method used, no difference in the
lethal action of tnese agents was observed in an exposure time
of less than 2 hours. Again the tubercle bacilli survived
longest in trisodium phosphate, and longer in sodium hydroxide
than in acid.

Gray et al. (1954) also used a viable couating
procedure to estimate the lethal effect on tubercle bacilli
of procedures used in the routine isolation of these organisms.
In a test with a suspension of tubercle bacilli in albumin water,
more organisms survived after treatment with sodium hydroxide
or trisodium phosphate than after treatment with sulphuric acid,
oxalic acid or acid-iron-peroxide (table 23). These results
also gshow that trisodium phosphate has a lethal effect on
tubercle bgcilli; this is in agreement with the results of
Spendlove et al. (table 21). Gray et al. also showed that

these decontaminating agents had a similar lethal effect on



tubercle bacilli suspended in purulent, non-tuberculous
sputun (table 24) and that the numbers of organisms which
could be isolated from tuberculous sputum were greater after
alkali treatment than after acid treatment (table 25).  The
degree of the lethal effect reported by Gray et al. is greater
than that reported by Spendlove et al. ilthough Gray et _al.
made few obgervations with gll the decontaminating agents,
they confirmed the degree of lethal effect of sodium hydroxide
by repeated studies on suspensions of different strains of
tubercle bgeilli in albumin water; +the number of organisms
which survived was always less than 20 per cent. of the total
number exposed. Glover (1952) and Yegian and Budd (1952)
also found that sodium hydroxide killed a very high proportion
of tubercle bacilli in aqueous suspensions.

The fact that sodium hydroxide igs less lethal to tubercle
bacilli than acid (Spendlove et al., p. 25 of this thesis;
Gray et al., p. 26 of this thesis), agrees well with the results
of the Public Health Laboratory Service trial which demonétrated
that sodium hydroxide is superior to sulphuric acid for the
isolation of tubercle bacilli from sputum. Trisodium phospnate,
however, is less lethsgl to tubercle bacilli than sulphuric
acid (Spendlove et al.; Gray et al.) or oxalic acid (Corper
and Stoner, p. 24 of this thesis; Spendlove et al.; Gray
et al.) but, in the hands of the Public Health Laboratory

Service, sulphuric acid is significantly more efficient tnan



trisodium phosphate for the isolation of tubercle bacilli

from sputum (see p. k4 of this thesis). Spendlove et _al.

and Gray et _al. maintain that the toxic effects of decontam-
inating agents are not minimised by sputum. Gray et al.

show thaet the effect of decontaminating agents on tubercle
bacilli suspended in purulent non-tuberculous sputum is the
same as that on tubercle bacilli in aqueous suspension.

It must be emphasized, however, that neither spendlove et al.
nor Gray et al. pregent figures showing in absolute terms tne
lethal effect of decontaminating agents on the tubercle bacilli
contained in sputum expectorated by tuberculous patients.
Griffith (1916) showed that "thick"™ gsputum protected tubercle
bacilli from the lethsl effect of antiformin and Yegian and
Budd (1952 ) made a similar observation on the lethal effect

of sodium hydroxide; Yegian and Budd, however, express the
opinion that the protective effect of sputum is unlikely to
operate in specimens containing very small numbers of tubercle
bacilli.

Spendlove et al. consider that the difference in the
results yielded by quantitative studies and by studies based
on series of specimens of sputum may be explained by factors
which quantitative methods do not assess; for example,
‘although acid is more lethal to tubercle bacilli than alksali,
centrifugation may concentrate tubercle bacilli from an acid-
homogenate of sputum more efficiently than from an alkali-

homogenate. This explanation, however, throws little light



on the peculigr probleme concerning tune perforiaznce of tri=-
sodium phosohate, In gquantitative studies it couwpsres i.vour-
ably with codium hydroxide but the Public Healtn Leborstcry
Service (». 14 of this thesis), Mullahy (v. 17 of tnis ticzis)
and Byham (p. 17 of tais thesis) found it inferior to sodium
hydroxide. The most promising results with trisodium »ohcelncte
~were obtained by Starkey and Aubert (p. 17 of tuis tihesis) and
by Peizer st gl. (p. 18 of thig thesis); thes: morkers used
a lower concentrstion of trisodium phosphate tzsn thst recoua-
ended by Corper and Stoner (p. 24 of tais thnesis). Gifford

. .
et _gl. (p. 18 of tinis thesis) also obtained good results witw
trisodium phosphate; they used a much shorter time of ex>osure
to trisodium phosphste than that recomumended by (oroer and
Stoner,

The following conclusions are reached by comparing quant-
itative studies with studies conducted with series of sputun
specimens: (1) Contradictions vetwezn tne results yielded iy
the two methods are difficult to explain satisfactorily; (2)
promising results obtgined in quantitative studies require to
be verified by studies with sputum specimens. This conclugicn
is tne opposite of tnat made by Corper and Cohn (19538 wno cuzgest
that "obgservations with rcutine sputa™ are "of little velue Lor
comparison of methods or media unless verified by sccurate
quantitative studies.” (¥) There are no sbsolute quantitative

results concerning taoe action of decontemicating agents on

tubercle bacilli expectorated by tuberculous sstients.



NEW METHCODS OF ISOLATING TUBERCLE BACILLI FROM 5 PUTUL

The isolation of tubercle bacilli from sputum by

means of Teepol

Browning et al. (1953) described a simple method of
isolating tubercle bacilli from sputum by treating the sputua
with an equal volume of Teepol -~ &g proprietary fluid contsasin-
ing 20 to 22 per cent. of sodium secondary alkyl sulphates.
After a lapse of 6 or 24 hours, a few loopfuls of the mixture
were spread on L8wenstein-jensen medium. Their results are
shown in table 26; the metihod is very similar to that
proposed by Griffith (1914) for antiformin. The metihod is
clearly very ssatisfactory for specimens known to contain acid-
fast bacilli; 1lack of comparison with other methods prevents
any judgement of the efficiency of the method for specimens in
which tubercle bacilli cannot be demonstrated by microscopy.
Tison and Loze (1954) compared thé efficiency of Teepol with
that of Tison's (195%) modification of thne sodium hydroxide
method. The Teepol method used by Tison and Loze differed from
that of Browning et al.; the homogenate was diluted with
distilled water and centrifuged and the deposit wasg washed with
@istilled water by a further period of centrifugation. Each
of fifty-five specimens of sputum were divided into equal parts

and one part was assigned to each method; 4 Lowenstein-Jensen



gl
slopes were inoculgted by each method. Tone results (tzvle 27)
are exnressed in termz of the number of slooes positive by
each method. The vroportion of specimens walch were posltive
by microscopy before culture is not stated. The results
suggest thaet the Teepol metnod is slightly less efficient taan
the sodium hydroxide method.

Tison (1954) described the use of Teepol combirned wita
sodium hydroxide. Sputum is treaéed with a solution contsiniasg
25 per cent. Teepol and 1 per cent. sodium hydroxide. Jomoar-
ison of this method with the sodium hydroxide method snoved

Pl

tust it was superior to the sodium hydroxide metanod (table 2c)e.

(&)

It is difficult to Jjudge the degree of superiority becauss tue
results are expressed in terms of tne number of slopes of wediua

yielding cultures of tubercle bacilli and not in terms 01

1

specimens or patients. A similar comparison made oy Tison an

C

Audrin (1955) showed that the sodium anydroxide-teepol metuod
was superior to the sodium hydroxide method. The results sre

presented in table 29; the figures refer to specimens.

Quaternary Ammonium Compounds.

Saxholm (1954) deseribed tne isolation of tubercle
bacilli from sputum by digesting tane sputum witn a wixture
containing 1 per cent. pancrezstin and 1 per cent. Desogen
- a proprietary quaternary smmonium compound manufasctured
by Geigy. The homogensate was inoculated on Llwenstein-

Jensen medium without concentration by centrifugation. de
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comoared this metnod witn the sodium nydroxide methnod and

found that trestment with ocancrestin-desogen method for 4

or for 24 hours was more efficient than treatment with sciiua
hydroxide (tables 30 and 31). Later (1955) he made furtucr
comparisons between the two methods. Results obtasined witn

the pancreatin-desogen method were approximately the same az
those obtained with the sodium hydroxide method (tavle 32).
Because the contamination rate was high he increased the sonced-

tration of Desogen in the pancreatin-desogen mixture to 1.5

L

[

per cent. Table 93 snows thnat tne increased concentration o
Desogen reduced the contamination rate to g satisiactorily; low
level without impairing the efficiency of the metinod for

isolgting tubercle bacilli.

(@]

Hirsch (1954) sugzgested tae use of Zephiraan, s proprietary
brand of tne quaternary ammoniﬁm compound benzglxonium crnloride
for the isolation of tubercle bacilli becsuse, zltaouzn a
concentration of C.002 per cent. of Lephiran had a bacteriost-
atic effect on tubercle bgcilli, concentrations us to 0.00 per
cent. had no bgctericidal effect on tubercle bgcilli but aal s
marked bactericidal effect on other micro-organisms. Saznolm
(1955) published & comparison of a pancreatin-zeohiran wet.od
with his nancreatin-desozen metnod snd the sodium hydroxide
method. He found that the pancreatin-zephiran metanod gave
poorer resul*ts than the oancreatin-desogzen metadd or tue sodiuw
hydroxide method, (table o4). Tne concentration of berzalzon-

ium chloride in tne miwzture (1 per cent.) migiat be expectcd
from the results of Hirsch to nsve a letngl effect on tuveicls



bacilli.

L

Thne only otner observations on tne efficliency of tue pgpncrziiic-

desogen metinod are those of Lind (1956) who found tae sodium wnyor-
oxide method better than the pancregtin-desogen method. Teble <5
shows that this difference is small desvite the very nign contow-

insgtion rzte witn the pancreatin-desogen method.

Neither Saxholm nor Lind give adequate figures ccncernic:z tue
efficiency of tne pancreztin-desogen method for speciumens negutive
for acid=-fast bgcilli by microscopy. It would tnerefore be un-
wise to adopt these methods for routine use udless results vwithn
speclumens negative for acid-fast bacilli by microscody sanow tua?®
the method cowmpares favoursgbly with tae sodium hydroxide metnod.

Patterson et al. (1956 ) recommend tiae use of g combingtlorn of
trisodium ohosphate with Zepniran for tie isolgticn of tubercle

bacilli from sputum. sputun was mixed witn an equal voluue oI

10 per cent. trisodium phosphate solution containing 0.1 per cant.

Zedhiran. After 15 minutes tne homogenate was centrifuzed anc
the devosit washed by resuspension in 48 ml. of sterile sszline

and recovered for culture by a sscond period of centrifugation.
This method was compared witn *tne sodium hydroxide method and +i+n
the trisodiun phosphate metnod. Tne results (tables 96 and.gTi
showed that this method was more efficient tuan eitner the sod.uan
hydroxide method or the trisodium phosphate method. Crnce agsin
tnere is iasufficient information concerning toe eificiency of

tae metnod of Patterson et al. for speciwmens zoows to contain

few tuvercle bscilli.
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TEE  PLACE OF

LoULaTIve O TUBRxCLE  SACIuul

Altncugn microscopic methods c¢f detecting znd observic .
the growtu of tubercle bacilli nave been used since tus tius
of XKocn, Pryce (1941) was the first to suggest tuat sucao weigons
miznt be gpolied in routine cultures from speciuwecns of soutiu.

The main advantsge of micro-culture methods is tuat "a sin:lc

q

clump of acid-fast bacilli that would be found ozly by

o

lgoorious searcn of a stained film is tnereby cocverted in
few days into a colony that can readily be identified witn
tne 2/¢ inch objective." (Woitby and Hynes, 1956). 1n wont
of tre methodgs descrived, soutun is smeared on s sliae, tuae

slide is deccntaminated witn sulphuric zcid, wasued and incrooted

T
[}

in fluid medium. nesults may be gvailable in 2 to o dey
and tnere is no gévantage in prolonging tne lacubetion
beyond 14 days (Simpson and Reed, 1955). With soecimens i:
Which‘&cid—fast bacilli could not be demonstrated vy microsco:y,
Ceding (1951) ahd Hesselberg gnd Qeding (1952) found tnat
micro-culture yielded fewer positive results trasn toe sodiuvs
nydroxide metnod (tables 38 and 39); on the otner usnd,
micro-culture gave very good results with speciaens known t:

contagin acid-fast bacilli.



Berry and Lowry (1950) also provide figures which appear to
confirm those of Ceding and those of Hesselberg and Qeding
(table 40). Nevertheless Berry and Lowry "believe that the
slide-culture method is more efficient than the figures shoun
oo would seem to indicete for thne following reasons:

(1) The number of specimens lost by contamination was nigh in
each method, 9 ver cent. for slide culture and 12 per cent. for
routine culture. However, apparently by chance, a greater
number of positive specimens were contaminated in the slide
culture than on routine culture, (2) during tie first half of
the survey we lost 8 per cent. of the films from the slides ....
Because the problem of losing films has been largely solved,
and since the contaminatipn rate with this method under normal
conditions averages less tnan 3 per cent., we believe thuat it
is justifiable to present the survey figures with tecianically
unsatisfactory specimens excluded e<..e.0. The slide culture
was positive in 82 per cent. Similar consideration of tze
routine method would bring the pefcentage of positive cultures
to 84 per cent.” They admit that "the amount of work involved
in the slide culture method was undoubtedly greater than that
required by the routine methods, not because the actual prepar-
ation of the cultures for incubation was more time-consuming,
but because of the time required to examine the slides." On
the other hgnd results were obtained sooner with the slide-
culture method: "The average time for routine cultures was

37.4 days. As & matter of fact, almost 20 per cent. of the
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nositive routine cultures showed growtn only aifter o weszis v
more of incubation. The averapge time of incubzticn for toz
oositive slide cultures was tanree and one-nalf days .... Zvao
if it proves that, under ideal con&itions the slice culture
method is not as sensitive as culture on solid mediuwm, many
slide cultures from repeated specimens can be coupleted walle
one routine culture is being incubated.”

gimoson and Reed (1955) evolved an spparatus for toe
ranid decontamination of slide-culture specimens; predsration:
trom 10 specimens can be decontamingted simultsneocusly witoout
risk of transferring tubercle bacilll from one specliien to
snotner. They were uble to apply tne slide=-culture metaod "o
a large seriec of routiane specimens; as & control procedurs

tuney treated part of each soecimen with a solution of 20 pex

rs

cent. trisodium phosphate. Thelr results are »nresented in
table 41. Despite the fact thet they chose a control orocsdure
which failed to yield satisfactory results in tue ansndg of otner
workers (Public Heslth Lgborstory 3Jervice 1952; ILwullany, 1v3(;
Byham, 1950) tneir results suggest that slide-culture may ce
aoplied with davantage in routine work witn speciumens aegative
by microscooy. It must be emphasised, nowever, that the
specimens were ncimogenised in a paint conditioner before culture
and that this procedure and tne necessity for microscopic
exagminaticn after culture maze neavy denznds on tioe time ol tae
operator. The observations made by simpson and Heed usve ueen

confirmed in later worz by these sutinorc (simgson gnd eed l.ou)



Chu (1955) described a micro-culture method which
is more efficient than culture by the sodium hydroxide
method with specimens negative by microscopy. sputun is
homogenised by the sodium hydrexide method, then neutrglised
with hydrochloric acid. To the neutrslised homogenate is
added an equal volume of a complex fluid medium containing
salts, lecithin, asparagin, glucose, Tween 80, plasma and
oenicillin. The mixture is incubated for 24 hours and
centrifuged, and a smear is made from the deposit. If
acid-fast bacilli are not seen in this smesr, 14 smears are
made on sterile slides; these slides are then incubated
in a medium similar to that already described above but
omitting Tween 80 and substituting laked blood for plasmsa.
The slides are examined at frequent intervals. Table 42
shows that culture on so0lid medium from the sodium hydro-
xide homogenagte yielded fewer positive results than the
micro-culture method; in addition, thne results were
availagble very much sooner by the micro-culture method.

A similar, but less complicated method, is described by
Tison (1956) but he does not compare this method with any
standérd method .

Apart from the fact that micro-culture methods
require microgcopy for the recognition of positive results
their adoption ags a complementary method to standard

method involves the introduction of extra work in the
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setting up of cultures. Hoyt et al. (1954) described a
micro-culture method which may be incorporated with little
additional labour in routine inoculstion procedures.
3terile filter paper strips are placed on the surfsce of
the medium used for routine purposes. These medisg are
inoculated in the ususl way with homogenised sputum and
after 10 days, the strips are mounted on slides, stained
by the Zeihl-Neelsen method and examined for micro-colonies.
Hoyt et al. found that this method yielded fewer positive
results than the standard sodium hydroxide method (table
43 ). It would be suitable, however, for use as a rapid
supplementary method in routine laboragtory practice.
Micro-culture methods have also been used for
testing the sensitivity of tubercle bacilli to antituberculous
drugs (for example, Rubbo and Morris 1951; Rice and Rowan
1955; -Collardand sann 1953; reed 1954). In these
methods the advantage of speed in obtaining results is
largely offset by the number of preparations reguired for
each test. For routine tests, most laboratories now use
s0l1id media incorporating suitable concentrations of anti-
tuberculous drugs; these media may be inoculated with a
suspension of tubercle bacilli obtained from a culture or,
if g sufficient number of acid-fast bacilli is present in

the sputum, from a homogenate of the sputum. with little



additional labour the incorporstion of the filter-paper
strip method of Hoyt et al. in sensitivity tests wade on
s0lid media would have 2 advantages: (1) it would allow
early reading of the test and (2) it would permit a review
of these early results in the light of those obtained aftar
further incubation of the media until macroscopic growth
had appeared. This second procedure is neceSsary because
of the report by Reed (1954) that tioe results obtained in
sensitivity tests by micro-culture occasionally disagree
with those obtained by standard methods.

It may be concluded, therefore, that micro-cultural
procedures have a clear advantage over standard methods
because they yield results very much sooner. For the routine
isolation of tubercle bacilli from sputum they involve
additional wokk and in order to obtsin satisfactory results
from specimens negative by microscopy, a very complicated
procedure is required (Chu 1955). Hicro-culture methods
may have a useful application in routine sensitivity tests;
the simplicity of the filter paper method described by Hoyt
et_al. suggests that its application to sensitivity testing

ghould be examined.



MBTHODS OF ISOLATING TUBZRCLE BACILLI
WHEN SPUTUM IS NOT AVAILABLE

The following methods are used in cases of pulmonary
tuberculosis when no sputum is available or when examination
of sputum has given negative results: gastric lavage,
laryngeal swabbing, and tracheo-bronchial lavage. The
isolation of tubercle bacilli from specimens obtzined by
gastric lavage was firgst described by Lieunier(l898)and until
1940 was tae standard method used in patients who failed to
produce specimens of sputum. In 1940 Nassau recommended the
use of laryngesal swabs for this purpose; Dbecause this type
of specimen can be obtained easily and does not require an
élaborate treatment in the laboratory it has become very
popular in this couantry. In 1946 Abrey introduced trachneo-
bronchigl lavage and claimed that thnis procedure yielded more
positive results than gastitic lavage. ™0 problems srise
in the consideration of these methods: (1) Which is the most
efficient procedure? (£) Can the laryngeal swab method -
the simplegt of the three - Dbe used instead of methods
based on the examination of sputum for the detection of tubercle
Eacilli in cgses of minimal tuberculosis or in patients who
have made a favourable regponse to treatment?

Nassau's (1940) method of laryngeal swab culture

yielded positive results in 63 of 166 patients; these patients
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were either unable to produce sputum or, at the time of
examingtion, had sputum from which tubercle bacilli could
not be isolated by cultural methods. Unfortunately the
method was not compared wita gsstric lavage. uany later
workers found that the laryngeal swab method compared
favourgbly witn gastric lavage. Forbes et al. (1948) found
no great difference in tne efficiency of the two methods in
out-patients; hnowever, in hospital patients who had clinical
evidence of pulmongry tuberculosis but had either no sputum
or had given negative results by sputum culture, gastric
lavage gave better results thsn laryngeal swabbing (table 44).
Hounslow and Usher (1948) found that a combingtion of 3
laryngeal swab investigations gave better results than s
gingle investigstion by gastric lavage. Gilje (1948)
demonstrated tubercle bgecilli in 13.75 per cent. of 400
laryngeal swab cultures but in only 6.2 per cent. of gastric
lavage cultures; a later investigation by the same author
(1951) yielded similgr results. Frostad (195¢4) compared
the number of positive results obtained from 1500 laryngeal
swab exsminations with the number obtained from 1500 gastric
lavage specimens. Each patient who contributed specimens
used in this study was examined by both procedures on tae
same day. He obtained 179 (11.98 per cent.) positive
results by the laryngesl swab metinod and 195 (16 per cent.)

by gastric lavage. Botih investigations were positive in



only 91 instances and Frostad therefore suggests that
every patient should be investigated by both methods.

On the other hand, a number of investigations suggest
that laryngeal swabbing is very much less efficient than
gastric lavage. For example, Chaves et al. (1958), in an
investigation in which laryngeal swabs and gastric contents
were examined from each vpatient, obtained only 9.6 per cent.
positive results by the laryngeal swab method compared with
. 18.2 per cent. of positive results by culture of gastric
contents (table 45). Again Tonge and Hughes (1956) in a
similar investigation obtained only 11.6 per cent. positive
results by»laryngeal swab compared with 28 per cent. by
gastric lgvage (table 46).

These following factors may explain the contradictory
findings in comparisons between the results of laryngeal swsb
culture and culture of gastric contents. Gilje, who found
the laryngeal-swab method much more efficient than gastric
lavage, cultivated the laryngeal swabs in his own laboratogy
but sent the gastric lavage specimens to a central laboratory.
It has been established by a number of workers (for example,
Sprick and Towey , 1946; Holloway and Cummings, 1949;
Rambol, 1951 ) tnat the number of positive results obtained in
the culture of gastric contents is greatly diminished by
storage of the specimen before culture. Edwards (1956)
presents figures wiich suggest that storage before culture

does not have the same serious effect on laryangeal swab
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specimens and Gilje (1951) found that if bota laryngeal

swabs and gastric-lavage specimens were sent to the central
laboratory, the results still favoured the laryngeal swab
method . What is clearly shown by Gilje's work is that
laryngeal-swab specimens cultured at once yield much better
results than gastric lavage specimens which are delayed in
transit before culture. Forbes et al. (see p. 41 of this
thesis) found that gastric lavage specimens from out-patients
yielded only slightly more positive results than laryngeal
swabs, whereas gastric lavage specimens from hospital patients
yielded a substantially greater number of positive results
than laryngeal swabs (table 44). The difference between tae
two sets of patients may depend on the fact that, in hospital
patients, the specimen of gastric contents can be obtained
before the patient has had food and before the stomach contents
have been altered by the beginning of the day's activities
wnereas the quality of the specimen obtained from an out-
patient may be poorer because (1) he may not be fasting and
(2) if he is fasting, the specimen has probsbly lsin in nais
stomach for some considergble time before it is removed.

The poor results obtained wita the laryngeal swab method uy
Chaves et al. and by Tonge and Hughes must not be over-emphasised.
Chaves et al. made their study in ".... a large number of
clinics with frequently changing personnel inexperienced in

the laryngeal swab technique.” Apart from this, both groups

of workers used alksgli for decontaminating the swabs before



culture. Altnougn cultures were made from the swans and

from the fluld with which they were treated it is possiole

alkgli allowed most of the tubercle bscilli present to soak
far into the swab so that they could not be transferred to
the culture mediym. Nassau (1940), Forbes et al. (1v48),
Hounslow and Usher (1948) and Gilje (1948, 1951) all used an
gcid decontemingtion method for laryngeal swabs; these are
the authors who report favourgbly on the method.

The results presented by Nassau (1940; see p. 40 of this
thegis) suggest that the laryngeal-swsdb method might yield more
positive results tihan the routine culture of sputum in patients
whose sputum containg very few tubercle bacilli. Nassau
claims that the material obtained by laryngeal swatbling "may
be regarded as concentrated sputum undiluted by salivs and
nasopharyngeal secretion."  Nevertheless, Forbes et_al. (1948)
in patients whose goutum was negative for gcid-fast bacilli
by microscopy, found that sputum culture yielded almost twice
as many positive results as laryngesl swab culture (table 47).
Hata et gl. (1950) compared a number of methods of isolating
tubercle bacilli from a group of tuberculous patients. In
a series of 130 gspecimens obtained from these patients,
laryngeal swab culture was positive in 16.9 per cent.; the

corresponding figure for s utum culture was 37.7 per cent. and
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for gastric lavage culture 49.9 per cent. (table 48). Lind
and Lundin (1955), in a series of %81 investigations obtained
56 positive results by sputum culture when the corresponding
4resu1ts by laryngeal swab culture were negative; tae oppo=zite
finding wase obtained in only 8 instances.

Tracheal lavage was introduced by Abreu in 1946; his
method is gs follows. Saline is introduced into the regpirat-
ory tree under local ansesthesia and the returrs fluid expec~
torated by the pétient is cultured for tubercle bacilli. Iz
18 patients, from esch of whom a gastric-lavage specimen and
& tracheal-lavage specimen were taken on the same day, ne
obtained 8 positivé regults from tne tracheal specimens and
only 1 from the gas*ric snecimens. Gernez-Rieux, Breton,
Delwaulle and Sevin {1949) obtained 151 positive results by
trachesl lavage from 410 patients in whom other investigations
ihcluding gastric lavage were negative. Wardrip et_sl. (1949
also compared the result obtained by trachegl lavage witn those
obtained by gastric lavage; 1in tneir hands trachesl lgvasze
yielded twice as many positive results as gastric lavsge (tabls
49) and gestric lavsgge never gave g positive result in & 2atient
in whom trgcanesal lavage was negative. On tne otner nand,
Deaking and Barcer (1953) fgiled to find a significant
difference between the numbers of pogitive results yielded
e aad trecneal lavaze, (tesble 50) but it must

by gastric leva;

«Q
UQ

be ennhssised tnat the tracinesl-lavaze specimens were treated
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with 2 per cent. sodium hydroxide (fipg1 concentration) for

2 hours whereas the duration of treatment for gastric lavage
gspecimens was only 15 minutes. The results of Deaking and
Barber are therefore biased in favour of the gastric-lavsage
specimens. Recently Lees et al. (1955) compared the
efficiency of tracheo-bronchial lavage, gastric lavage and
laryngeal swabbing in 144 patients "in whom minimal, possibly
active, pulmonary tuberculosis had been diagnosed as the result
of :outine radiography." mable 51 shows their results which
demonstrate that tracheo-bronchisl lavage is eagsily the most
efficient of the three methods tested; it must be emphasized,
however, that the application of the & methods together

yielded much better results than any one of the methods applied
alone. _

Consideration of methods of isolating tubercle bacilli
from patients who are unable_to provide sputum specimens legds
to the following conclusions.

(1) Laryngeal-swab specimens are more easily obtained than
specimens of gastric contents or tracheal-lavage specimens.

(2) It is uncertain whether results obtained from laryngegl-
swab culture are as good as those obtained by culture of gastric
bﬁntents. In comparisons of the laryngeal-swab culture with
culture of gastric contents, the results most favourable to

the laryngeal swab method have been obtained (a) under

circumstances in which cultivation of the gactric contents is



delayed (Gilje 1948, 1951) or (b) in out-pstients from

whom sgtisfsetory specimens of gastric contents may not
always be assured (Forbes et al. 1948).

(3) The availsble evidence suggests that, if the patient

is able to produce sputum, laryngeal swab culture yields
results inferior to those obtained by culture of sputum.

(4) Tracheal-lavage specimens yield many more positive
results than gsstric-lavage specimens. In one investigation
(Lees et _al. 1955) tracheal-lavage specimens were also

guperior to laryngeal-swab specimens.
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Al CONTRUL OF TUBEACULOSIS

Simplicity
All tue standard metnods of isolating tubercle

bacilli frbm sputun involve centrifugation. This is not
a major difficulty when smell numbers of specimens sre
handled but limits the number of specimens which can de
handled in one day b, & small laboratory. The main purnocse
of centrifugation is tc concentrate tue tubercle pbecilli;
it may also be used t0 wasi tue organisms free of & decon-
tamingting agent. If the dzcontaminating agent is sulphuric

cid, oxalic gcid, sodium hydroxide or trisodium phosphate,
its action may be stooped oy neutralisation. Henizs et sl.
(1938) found tinat centrifugstion of nomogenstes made from
gputum by the sodiun hydroxide method vroduced very poor
concentration of tue tubercle bacilli in tae deposit. They
recommended a flocculation procedure for use with tue sodiun
hydrdxide»method and demonstrated by microscodny tiwt tais
modificution produced a concentration of tubercle bsgcilli
tvice as great as that produced by tne sodium aydroxide
metnod . On tne otner hand, Baker (1951l) showed tnat tae
flocculation metnod of Haunis et al. compared unfavourcily
witu fae godium hydroxide metaod for tue isolation of tuvercle

bacilli from goecimeans negative by microscopy.
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Klein et al. (1952) also investigated the efficiency
of centrifugation and concentrating tubercle bacilli from
homogenates of sputum produced by sodium hydroxide. By
meagns of a viable-counting method they showed that the
pumber of organisms per unit volume in the deposit after
centrifugation was grester then the number in the homogenate
before centrifugation; Dboth of these numbers exceeded the
number present in the superficial layers of tne supernatant
fluid after centrifugation. Nevertheless, in a series of
409 specimens of sputum submitted for routine examination,
they obtained 98 positive results by culturing the homogensate
before centrifugation compared with 100 positive results after
centrifuéation. They conclude that "centrifugation of
digested specimens at 3000 r.p.m. for 15 minutes is not a
highly efficient method of concentrating tubercle bacilli.
Examingtion of the supernstant fluid, by culture or animal
inoculgtion, should not be neglected.” Hata et _al. (1950)
also provide figures wihich suggest the same conclusion
(tableyg ) and Saxholm's (1954, 1955) pancreatin-desogen
method which does not involve centrifugation yielded results
which compare favoursbly with those of a sodium hydroxide
method in which the homogenste was concentrated by centri-
fugation (tables 30 to 34). Unfortunately, none of the

studies wnich suggest that centrifugation adds little to the



efficiency of standard metnods of isolating tubercle bacilli
from sputum give results based on specimens negative by
microscopy.  Such a study is required in order to establish
whether or not centrifugation is reglly essential for tie
gefficient operation cf these methods.

0f the new methods of isolating tubercle bacilli from
v gputum, that of Browning et al. (1953'; . see p. 30 of tuis
thesis) and that of gaxholm (1954, 1955, see p. 61 of trnis
thesis) do not involve centrifugation; +tuey have tae
gdditiongl advantage that prolonged exposure to tune g2ents
enployed has little effect on their efficiency. Tnis lgst
advahtage also applies to the trisodium phosphate method
(see 1% 10 of this thesis) gnd is importsnt when dealing wita
lsrge numbers of specimens; it also peraits the use of these
agents ags transport media for specimens from out-patients.
The Teepol m-thod described by Browninz et _al. has not been
compared with any standard method in soecimens negative by
microscopy; the modificaetionssuggested by Tison and LoOze
(1954) and Tison (1954) involve centrifugation and, altaough
Tison's {1954) metnod compares favourably witn tae sodium hydr-
cxide meéthod it offers no advantage in simplicity.

Micro—culture methods are more complicated than
standard methods. Even if g simple procedure is used for
the setting up of cultures - for example, tue use of

specigl aoparatus for tihe simultaneous decontamingtion



of oreparations from 10 specimens (Simpson and ieed, sse p. 36
of tihis thesig) or the use of filter pagper strins on the
surface of so0lid medium{Hoyt et gl., see p., 48 of this thesig)
- the need for microscopic examingtion gt the end of the
incubation period cannot be eliminated. Por this reason
and because tne introduction of'an additional procedure
requires more space snd more technical assistance, these
methods are less popular tnan they deserve to be; for example,
Hesselberg and Oeding (1952) reluctantly abandoned tne use
of micro-cultural methods.for lack of space and lascg of
skilled technicians.

Laryhgeal-swab culture is the simplest procedure for
the isolation of tubercle bacilli from patients whe fail to
produée soutum, This metanod is;less efficient tnan tracnesl
lavage or gastric lavage (Lees et al., 1955, see p. 46 of tuis
thesis); on tne other hand, favourable results nave beean obtsin=-
éd witn the laryngeal-swab method in out-patients (Korbes
et al., p. 40 of tails thesis). Prom tne point of view
of laboratory procedure, toe simplicity of awab culture is
very attractive. Nassau (1954) describes tue applicstion
of this method to soutum culture but figqres provided by
O'Hea (1957; tables 74 to 79 of this thesis) sihow that,
although the method is satisfactory for specimens known
from microscopy *to cortain acid-fast bacilli, it is
significantly inferior to tne sodium-hydroxide metnod in

specimens whicn are negative for acid-fast bacilli by



microscopy. Tne results of Forbes et al. (see p. 44 and
table 47) suggest that, in patients Who'can orovide
speci@ens of sputum, even laryngeal-swab culture will fsil
to yield results which compare favourably with those
obtained by standzrd methods of sputum cultute.

Under present conditions in this couantry, tne
efficiency of lsboratory procedures applied %o specimens
from tuberculous pstients depends to a great extent oun tue
ease with which these procedures may be ajplied to larze
nunbers of specimens. Two simple metnods of isolating
tubercle bacilli from soutum might be sufficiently sensitive
for routine use; (1) Saxholm's pgncrestin-desogen metnod
and (&) the cultivation of tie neutralised homogenate
produced by tine sodium hydroxide metnod, omitting concen-
tration by centrifugation. The efficiency of tuese
procedures should be iavestigated using ppecimens in wuich
acid-~fast bacilli cannot be demongtrated by wicroscooy.

- 8implicity in methods of isolating tubercle bacilli
is glso important from the point of view of safety; tue
fewer dangerous manipulagtions involved and the sualler
the degree of skill required, tne grester the caance taat
the method may he applied on a large scale witnout
bresch of tine rules for tine safe operation of a tuberculogis

legborgtory.



Safety D

e st e o S,

Laboratory workers wao nandle tuberculous materigl on o lar e

cgale are exposed to tne risz of contrsctingz tuberculosis. it i
not easy to cbtaln figures which indicate tne degree of risx but,
under tine auspices of the National Association for tihne Prevention

of Tuberculosis, a special study has been carried out durinz the

past four years by Dr. Donasld Reid, Reader in tae Lonoon scnool of

Hygiene and Tropical liedicine. I am indeoted to niwm for perais-
sion to gquote tne results set out in table 52. It is saown toat
laboratory tecanical staff heve a rate of infection witn tubercls
bacilll 2 to 4 timegs greater than taoat experienced by tue zenersl
population.  Table 52 is only a sunmary of Reid's figures; nis
anaglysis of the material in age groups maxes it clear toat tihe
danger ages for pathologists lie between 35 and 44 years and for
techniciaﬁs, between 15 gnd 24 years. A detaziled accourt of tii
study hss recently been published (Reid, 1957).

The following gdditional observations nave been madzs. "The
hazards of accidental infection among lavboratcry worzers sre
becoming a matfer of congtantly sreater concern to lavboratory
directors™ (Fisi and Spendlove, 1950). "Wuile our iaforwstion
on tne incidence of laboratory infections is too meagre to asve
great validity, 1adividual instances of tuberculosis contracted
in laboratories wiich employ non-tuberculous personnel are
known in sufficient numbers to cause concera™ (aAnderson, 1¥5C).
Taee. Tuberculosié morbidity rstes are considerbbly wizuer
for student nurses, laborutory workers and medicul students

taan for otner aospital persoanel act,

z

o
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having similar exposure .... and considerably higher +tuan
for young adults not working in g hosgpital eanvironment™
(Riggins, 1953). Sulkin and Pike (195la, 1951b} gzive
information about a number of different laboratory inftections
including tuberculosis. They emphasige that tine incidence
of laboratory infeetioné is very high in persons carrying out
disgucstic procedures (table 53).

There are several possible mechanisms of laboratory
infection from tuberculous material. Recently, however,
great emphasis has been laid on 4the danger of infection by
tubercle bacilli released into the atmosphere in the form of
an serosol. Long (1951) states: ™.... probably more
emphasis thsn ususl should be lgid upon measures tc oprevent
contaminstion of the sir. The possibilities of such
contamination are abundant.” Hvidence supporting tnis view
hes been provided by the work of Anderson et _al. (1952).

Using cultures of Serrstis indica taey demonstrated tunat awany

lgborastory procedures liberste micro-organisms in tge form of
an gerosol and tnat large numbers of organisms are dispersed
into the gtmosphere by methods which ianvolve splasiing or
bubbling. Safety measures recommended for tuberculosis
lgboratories musgst therefore include some method of desling
with dangerous aerosols. Wedum, guoted by Anderson (1950)

considers "that taoe most imoortant single item in a lzboratory



safety programme is the provision of adequate bacteriological
transfer cabinets properly equipped with ventilating devices
so that aerosols will be swept away." This kind of

apparatus has been recommended by many others; for example,
Fish and Spendlove (1950), Gray and Mattinson (1952),
Solotorovsky et al. (1958), Jensen (1954). Some of these
workers make use of ultra-violet irradiation in their safety
hoods but although Wells and Lurie (1941) demonstrated that
ultra-violet irradiation prevented cross-infection by tihe
tubercle bacillus in rsbbits, Hobby and Lenert (1955) believe
that ultra-violet irradiation cannot protect laboratory workers
from the immediate danger of accidents in which large nusbers
of tubercle bacilli are released into the atmosphere. In
addition to other precautions Gray and liattinson recommend the
use of masks to prevent laboratory infection. In this
connection it is interesting to note that Lurie and Lbramson
(1949) demonstrated that efficient gauze masks (4 or 6 layers
of gauze with 40 x 44 tanreads per square inch) gave considerable
protection to rabbits exposed to aerosols containing virulent
bovine tubercle bacilli. They found that masked rsbbits had
"a 90 to 95 per cent. reduction in the incidence of.primary
pulmonary tuberculous foci which develop within 5 weeks .....
Indeed 12 of 20 masked animals were completely protected against
éirborne contagion of such intensity that from 29 to 1027

tubercle bgcilli units were deposited in the lungs of

Simultaneously exposed unmasked rabbits.” Lurie and ibramson



are extremely guarded about the possibility of protecting
human beings by masks and state "... if the frame into which
the mask fitted could be constructed of pliable material which
could be accurately applied to the contour of the individuagl's
face around the nose and mouth, and if this contact could be
made air-tight there is no reason to believe that the masks
could not effectually filter out the dangerous invisible
particles that are concerned with the inception of pulmonary
tuberculosis."

The measures indicated above have an application in
all laboratories dealing with tuberculous material because,
no matter how carefully this material is manipulated, at least
a feWAtubgrcle bacilli may be released into the atmosphere.
As a legding article in the Lancet (1952) suggests "Inoculation
hoods should be used more widely ..." The same article states
thaet "many lsboratory infections are seen in retrospect to have

been avoidable." Anderson (1950) expresses the opinion "that

the use of techniques which avoid heavy exposure will undoubtedly

reduce the incidence of laboratory infection.” It would be
profitable, therefore, to examine from the point of view of
gafety common procedures adopted in the handling of tuberculous
materigl. As Gray and Maettinson point out, "any laborsastory
manipulation of materials containing living tubercle bacilli
invariably involves a considerable degree of risk, but

through common usage some procedures have come to be regarded
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as less dangerous than others."

the dangers of methods of isolating tubercle bacilli. Two

operations common to many methods of isolating tubercle bacilli
from sputum are particulsrly likely to release dangerous
serosols: (1) the use of shaking in order to homogenise
specimens containing large numbers of tubercle bacilli; and
(2) the centrifagafion of homogensgtes prepared from such specimers.
Shaking: This procedure is Widely recommended to ensure the
efficiency of the common acid or slkali methods of homogenising
and decontamihating sputume. Recently mechanical shaking
devices have become very popular and a Committee of tae
Mmerican .Trudeau Jociety (1946) states: M"the Committee on
Evaluation of Laboratory Procedures has voted to recommend more
| widespread adoption of shaking macanines for thne nomogenisation
of sputum for cultures in the belief that there will result

not only a great saving of human time and effort, but also that
the quality of work will be improved." The use of this kind
of apparatus will surely "result not only in a grest saving in
humngn time and effort" but also in the production of very
dangerous aerosols from sputum containing large numbers of
tubercleibacilli; the need for this kind of apparatus is
probably restricted to.specimens negative for tubercle bacilli
by microscopy but the statement by the committee does not make

this clear. Moreover, Collins (1951) found that, in comparison



with szakine by hand, snsking in s machine, glthougn it
reduced the incidence of contaminagtion witn tne oxslic acid
method from 8.9 to 5.3 per cent., yielded only a sligant
increase in tne efficiency with which tubercle bacilli were
isolated (table 54) . It must be emphasised, howe?er, that
the two procedures were not evaluated with the same specimens
of sputum; for this reason *the rééults are suggestive rataer
than conclusive. |

Centrifugation: At first signt this seems an unlikely source

of danger from aerosols because homogenates are centrifuged iz
screw-caoped containers. Taere. are two reasons winy tals
operation is less safe than might be ilmagined. First, a small
anount of homozenate may reach the upper part of tue outside

of the éontainer during shaking, incubation or when tae super-
natant fluid is decanted wnen washing homogenised .agterial; tulc
material on tae outside of the container may easily be coaverted
into an serosol during centrifugation. Second, tae contalaer
pay be smashesd in the centrifuge. Smasuning of tue contalnsr

is & rare event but if heavily infected material is oresent,

it will certainly release a very dangerous aerosol. Dhe
dangers of aerosol production by centrifugation of screw-

capped tontainers has recently been studied in detail by
Waitwell et al. (1957). They uéed §§rratia as an indicator
orzsniem and demonstrated very coavincingly that tae use of

ssrew-caoned containers does not prevent thne relesse of
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gerosols durinz centrifugation.
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safety is eeldom mentioned in cagers which describe
or essess methods of isolating tubercle bacilli from goutum.
Gray and Mattinson (1952) are tne only workers who make a
critical assessment of tine possible dangers of a new orocedurec.
In their investigation of the possibility of isolatinz tubercle
bacilli by the intrangsal inoculgtion of mice witi tuvercuious
mgterisl, they examined the incidence of cross-infection in
laboratory animals and assessed the risk to the wor:er
operating the procedure. They found (1) tanat mice inoculated
intranssally with tuberculous materisl could transmit infection
to uninoculated mice housed in tae same cage; (2) tuat cross-
infection could be demonstrated in neslthy mice noused close %0
guines pize infected with tubercle bacilli and (o) tuat
"intranagsal inoculation, properly performed, is not likely to

increase the already present risk to tue operators gnd gtten-

6}
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dants.® They emphasise tne need for special sarety pr
in dealing with tuberculous material (see p. 55 of this thnesic )y
Again, Jensen's (1954) review of procedures used in tuberculozic
laborstories is one of the few wnich makes it clear taat thous
who operate tnese orocedures must be adequately orotected;

not only does he lay down safety rules for laboratory staff

but he sees fit to include a photographic illustration of a
bench equipped witn g properly ventilated inoculution nood.

most of toe others who write avout rcutine procedures



to be .dooted in Jealinz with tuberculous meterigl =sc *o

be ungrare of *ne dangers of gercsol oroduction. In tae
introduction to nis survey of methods of demonstrating

tubercle bacilli in sputum, Baker (1951) spates: "In s
laboratory where twenty to thirty concentrations and cultures
have to be carried out each day, in gddition to direct exasnia-
ations, a simple method of concentratioh is necessszry, so tuot
a relatively junior technician can be "gsafely" leit to carry
out the initial techniques. - It was with tnis vies in mind
that this survey was initigted.” All the metnods ne tested
involve tue use of a centrifuge; all except the acld-iron-
peroxide method (See below) involve snaking tuberculous materisl.
nd it

He does not use tue word "safety™ elsewnhere in nis pajer

o
]

must be’concluded that, in common with most workers in tais
field, he is so anxious to ensure the efficiency of the metici:
that he overlooks tine possibility thet tuey may be dangerous to
those who operste them. |

Again Anderson et al. (1950}, in 3 critical grticle "Use
end abuse of Jungumsnn's method for the liquefaction of tubercu-
lous sputa," emphasiss that "those who hsve worked witn *tae
technique (Junzmann's acid-iron-peroxide method) in tiuis
laboratory have found sputa eazsier and cleaner to han@le tuer

with' other m=tuods, and therefore g wider margin of safety

[©)
»

¥
m
»

is provided vunsn degling with larger aoumcers of gieciue

by

N

Althouzn tre ssid-irom-peroxide wetnod does not lnvolve snzimins,

)

Ancderscn et gl. seew unavare tact g dangcrous =serosol wmay

————— e —

(

e cvreated by tie effervescent



khomozenate produced woen *this method is used witn soutun
gontaining large numvare of viavle tubercle bacilli.
In an evaluation of his pancreatin-desogen metihod, 3sxiicla

(1954) states: "It seems tuat the risk of lgbore*ory infecticr

]

would be reduced with this metnod becguse fewer manipulations
are required.™ Tols seems incontestable out in descriving
the metnod he states: M.....the liquefied coatents were sucuzd
up in a pasteur pinette and blown out several times +..."; tie
lizelihood of creating dangerous aerosols by such a procedure ic
demonstrated by Anderson et et al. (1952) and must be tsken iato
account in assessing the ssafty of this method,

‘The production of dsngerous serosols by tane common metwnods
of isolating tubercle bacilli depends on tihe numberse of tubercls

>

bacilli in the materisgl exsmined.  ('Hea (1957) sugzests tast

o

he risks attached to these methods would be reduced by restrict-

[y

aQ

ng their use to specimensg in waich gecid-~fzat bacilll caanof
be demonstrated by microscooy. He demonstrated tast, witn

S oL
031 71ve

specimensg contgining svufficient tubercle bscilli to civse

Y

resulte by microscovpy, over 90 per ceant. of positive results
may be obtzined by the simple swab-culture metaod descriced by
Nassgu in 1954 (see‘table 74 of this thesis); +tuis metaod
<av01ds the danger of gerosol production by homogenisaticn arnd
poentrifugation.

Tns danzer of gensitivity tests. Tne wmedicsgl mesecrcn Councll
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(195%) recommended the use of Tween-albumin fluid medium for
testing the sensitivity of tﬁbercle bacilli to streptomycin
and para-aminosalieylic¢: acid. Two gualities of this medium
increase the likelihood of exposing the operator to serosols
containing large numbers of tubercle bacilli: (1) it produces
a heavy, well-dispersed growth of tubercle bacilli; (2) it
has a low surface tension fgvouring the creation of bubbles
during manipulation. Nassau»(l954) states: "The use of
liquid media for sensitivity testing has been superseded by
golid medis employed for routine culture. The handling of
liquid cultures requires considerable skill, and, even then,

is not without danger to the operator.” Although the use of
so0lid medis for sensitivity tests may be safer than the use of
liquid media, the preparstion of the inoculum for solid media
may produce a dangerous aerosol. For example, in a metnod
described by Nassau (1954), "a standard loopful of tne growth
is rubbed up in a Wassermann or other sterile tube with 0.5 ml.
sterile distilled water."” This procedure too "is not without
danger to the operator.”

Therefore, in addition to general measureg for the
protection of the operator, attention should be paid to the
possibility of minimising the production of dangerous aerosols
in the preparation of inocula for sensitivity tests. Two
possible methods of achieving this should be examined. Pirst,
in tests made directly from sputum, the inoculum might be

prepared by Saxholm's method suitably modified in order to
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gvoid toe vielent expulsion of tuberculous matericl “rom o

=3
J

4

pgsteur pinette; alternatively, g neutrzlised sodiua
hydroxide homogenate, vrepsred witnout violent agitation of
the tuberculons materisl, could be used for this ourpose
without preliminery centrifugation. Second, 1if sensitivity
tests nave to be made from cultures of tubercle bacilli,
enulsification of the primary growth should be avoided; it
might be safer to inoculate sensitivity test medisg from the
condensation water or from a suitsble fluid medium in contact

with the primary growth. Encouraging preliminary results witu

such a method nave been obtained by cNeught (in pressi.

Conclusions.

(1) There is a need for sigiplicity in methods of isolatiag
tuberclé bacilli not only in order to allow large numbers of
specimens to0 be handled conveniently and efficiently uwut also

to permit tue operastor to pay due gttention to factores waich

make for safety in his work. Existing metinods miznt be

aoplied without zreat loss of efficiency by amitting ceantrifu--
ation.

(2) Reid (1957) confirmed the general belief tnat i%t is danzercus
to hgndle tuberculous material. In measures designed to
minimisé the danger, emphasis is placed on tane use of apparatus
designed to remove dangerous aerosols from tue immediate vicizity.
{3) Despite recent emoanssis on tue danger of infectlion froa

gaeroscls, very little attention nas been pgld to tuis point
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in the assessment of methods for the routine isolation of

tubercle bacilli from sputum.
(4) sStandard methods of sensitivity testing are particularly
dangerous; safer methods are needed; existing methods should

only be operated in a properly vehtilated safety hood.



GENERAL CONCLUSIONS FRCM REVIEYW OF LITERATURE

(1) It is possible to obtain statistically significant

results concerning the efficiency of methods of isolating
tubercle bacilli from sputum by comparing different methods
using specimens of sputum likely to contain few tubercle
bacilli. The conclusions reacned in a large trial of this

kind by the Public Health Laboratory Service may be reconciled
to some extent with contradictory results obtained by other
workers in less satisfactory trials.

(2) mTrials with specimens of sputum establish only which of the
existing methods is most efficient; they are unable to measure
the efficiency of a given method in absolute terms. It is
thereforeﬁimpossible to decide from these trials whether a
further search for more efficient methods is wortih while.

(3) quantitative studies of methods of isolating tubercle
bacilli from sputum suggest that most methods kill at least

half of the viable tubercle bacilli trezted. Nevertheless,

one of the least lethal metnods as Jjudged by quantitative studies
is the least efficient for the isolation of tubercle bacilli
from a series of specimens of sputum in a well controlled
comparison with other methods. Quantitative studies of a
method must therefore be supplemented with trials of the method
in comparison with some standard method in a series of specimens

of sputum.
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(4) Of the methods recently described for tne isolation

of tubercle bacilli from sputum, Saxholm's pancfeatin—

desogen method deserves further trial because it is simple

and is apparently as efficient as the godium hydroxide

method - the most efficient of the 4 methods evaluated

in the Public Health Laboratory Service trigl.

(5) Micro-cultural methods of isolating tubercle bacilli

from sputum give much earlier results than standard methods.
Under certain conditions they may be as efficient as or more
efficient than standard methods. For their routine application
they require extra space and greater numbers of skilled workers
for their efficient operation. A simple method of micro-
culture might usefully be applied without mucia extra lsbour

in tests of the sensitivity of tubercle bacilli to anti-
tuberculous drugs.

(6) Laryngeal swab culture is the simplest procedure for
isolating tubercle bacilli from tuberculous patients who

are unable to provide sputum. Further study of this method

is desirable in order to establish whether it might be
generally adopted in patients who either are unable to produce
sputum or whose sputum has been examined with negative results.
(7) Existing methods of testing the sensitivity of tubercle
bacilli to antituberculous drugs expose the operator to aerosols

containing large numbers of tubercle bacilli.



(8) Methods of isolating tubercle bacilli are dangerous
to the operator. This danger has not been fully appreciated
by many of the Wofkers in this field because of the emphasis
placed on efficiency of these methods to the exclusion of
other important features and because those who operate these
meﬁhods are either unfamiliar with the danger of the methods

or have operated them over such a long period that they have

gome to disregard the danger.

(9) simplification of laborétory procedures would lessen
their danger to the operator but it is necessary to provide
other measures for the safety of the laboratory worker
because it cannot be guaranteed that any manipulation of
tuberculous material will not release tubercle bacilli into
the gtmosphere. For this reason properly hooded and
ventilated benches should be providéd, especiglly for those

who carry out sensitivity tests.
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SUEE.\B OF Q.u “APAJ.‘.\J.AL‘.LN + A.Ll 4 UIX.A.

The following are the main objects of the experiments
described in this thesis: ~
(1) To improve standar& methods of isolating tubercle
bacilli from sputuw from the points of view of efficiency,
simplicity and safety.
(2) To establish whether recently described methods of
isolating tubercle bagcilli from sputun gre simpler, safer or
more efficient toan standard method s .
() To evolve a metinod of isolagting tuberc bacllll from
sputumlwhioa does not involve centrifugation - g dangerous
and time-consuuing grooedure'common tc gll tne stmndzrd

methods. lany of tnese experiments tuoerefore involve an

assesament of efficiency, simplicity and safety.

Assessment of efficiency: Two main wmetnods are aveileble

for messuring efficiency: -

(1) studies made by comparing tne numbers of viable tubercle
bacllll which survive the applicastion of different methods to
portions of g specimen of sputum.

(2) Compgrisons of the numbers of cositive results obtained

by different methods in series of specimens of sputua.

Ascesguent of glaplicity: mhis is not gn exjserimental




procedure because "sgimplicity™ cannot be expressed nnmericelly.

1

dd

clicity ig therefore assessed by estimsting whether larze

U
]
0

numbers of specimens of sputum may be handled conveniently

by a given method under routine laboratory conditions.

dssessment of safety: This important criteriom cannot

res@ily be assessed numerically. It would be a formidable
tack to estimate the numbers of tubercle bacilli released
into the gtmosohere by a given procedure. The only exoeri-
mental assessment of safety which demonstrates the nogsibility
of infection with tubercle bacilli sgs a result of manipulgting
tuberculous material is +hat of Gray and Liattinson (1952)
described on p. 59 of this thesis.

On, the other nand, there is good indirect evidence
concernicng t.e salety of laboratory procedures. By usezns

of a test orzanism, Serratia indica, Anderson et gl. (ses p.

54 of tnis thesis) hagve suown that laboratory procedures,

€

w

especiglly those which involve sihgking or buobuling, reles
micro-organisams into ﬁhe atmosohere; 1in a sinilar wey Waltwell
et _al. (see p. 58 of tihis thesis) have suown toat toe centri-
fugstion of meterial in screw-cavsoed containers may relesse
micro- orza nisms into the stmosphere. For the purpozez of

this thesis, therefore, it is reasonable to assums tiaat,

with specimerns contsininz larzs numbers of tubercle bucilli,

metipode of nreogring sputum for culture wiich involve gplusuing
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butbling cr centrifuzation gre particulgrly dsngerous.

The
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magin groups according tc the method adopted for assessing
efficiency. : Tnese groups are: -
A guantitative studies based on counfs of viable tuvercle
bacilli.
B. Studies made with series of specimens of sputuan.

The factors of simplicity and safety ate commentsd upon

in those experiments in waich they are important criteria.
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All reszgents used in the experimentsl work descrived in

tnis thesis with tne exception of the materials listed oelow,

vvere Obtained from Britisn Drug Houses Limited.

Tne analy-

tical grade of purity was selected for those materisls in

woich tnis grade is gvailable.

Bthyl violet
Malachite green
Proflavine sulphate
Penicillin |

>

Polymyxin B sulpnate

Bacitrgcin

Mycostatin

Hibitane

Degsogen

Penzalkonium
chloride

Alkyldimetayl-
bvenzyl-au.oniun Bayer Ltd.

cinloride
HZoccal

Sgoonyms Source Srode
oo Gurr, London 04810
e Gurr, London 08615
L e s 0 ..8 'P .
e Glexo Limited sociuwm salt
Aerosporin Burrougns
Wellgome & CO.
" Limited oo
oo Sharp & Dohme
Limited e
Nystatin Squibb Ltd. oo
Bis-p-chlor-
phenyldiguan-
idohexghe
aceta‘te I.C.1. Ltd. P
Methyl-dodecyl-
trinethyl 10 per cent.
ammonium commerciagl
methosulnhate Geigy Ltd. gsolution



laterisl

Lgteriel élgggzms Jource Jrafte
Teepol Sodium secondary snell Crnemicals 20 szr
alkyl sulonhates Limited cent.
~ commercial
sclution
Bariuﬂl Sulphate R e o e B-Po
Media
Liwenstein-densen Liediume. Tais was made gecording to the

formula given by Jensen (1932).

Proskauer and Beck ledium. This is a simple syntanetic mediuw

for the growth of tubercle bacilli, The modification descrio-

ed by the fmerican Trudegu Society (1950) was used. It has

the following composition:-

Asparagin 0.5 per cent.
XHoPOy Q.5 per cent.
ko580, 0.05 per cent.
Glycerol 2.0 per cent.

Magnesium citrate

0.15 per cent.

The ingredients gre dissolved in double glass-dictilled

water in the order given above.

After the sddition of

glycerol, the pH is adjusted to 7 with 40 per cent. sodium

hydroxide agnd then the magnesium citrate is added. The

medium is sterilised by autoclaving at 120°9C for 15 nitutes.
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Eteyl violet mediuwm (E.V. ) This medivm was usged in exaisviuc,
11 0. 155 cf thise tuesis. Tne medium ngs tine foliowlny con-

position.

Prosksuer and Beck medium contsining

Sterile horse serum 10 per cent.
Etayl violet 0.001 per cent.
Penicillin 100 units per ml.
Pclymyxin 60 units per ml.
Bacitrgcin 25 units per ml.
Mycostatin 80 unitg per ml.

The etayl violet was sdded to the Prosksuer wnd Becs
medium before autoclaving; the remaining resgents were sdded
asepfically from sterilé stock solutions after ties Prosxauer
and Becg medium was autOCléved.

Proflavine sulophate mediuvm (P.F.) Tne use of tais msdium is

-

descrived in experiment 11 p. 155 of tkis thesis. The com-
position and prepération of the medium are the ssue zs descri-
bed gsbove for E.V. mediuin except tnat proflavine suloicte,
0.00C4 per cent. is substituted for etnyl violet.

Metaods of preparing sputum for culture.

The sodium hydroxide method.

(a) Homoecenisation and decontamination. Soutwn was mixed wita

an equal volume of 4 per cent. sodium hydroxide in a 25 wl.

gcrew-cano2d coatsginer. The mixture was shaken tuorouzuly by
i o . . -~ . I R A . 'f’ ' 7 0 ~ T PNy i - W’t =y
hend gad incub.ted in g water besta &t o770 I0X 4L liUTES.

%08 ine wes redested after 10 minutes and at tue san o1 tue

ircubeticn period.



(b) Fics* wasuloz and concentration.  Tue volume o, +.oe

homoeernate wgs mede ud to 20 ml. vitn sterile dictill=d vwater
and centrifuzed for 20 minutes at 3000 r.v.m.

(c) Second wsas-.ing, concentration and inoculatior. The

supernctant wasg diccarded and the sediment resuspended in 80 L.
of sterile distilled water. This gecond washing of tas depc:it
with distilled water was substituted for neutrslicution with

strong acid because it was sacwn (see experiment &, po. 1o of

s) tnat the unintentional sdditdon of even = smsall

|

this thes
excess 0f acid may reduce the number of viable tubercle bsgcilii.
After centrifuging for g furfher 20 miautes tue suvernstant w.c:
discarded. Tne sediment was taken up in g sterile pastemr ¢i -
-ette and from it 2 slooes of Lbwenstein Jensen medium were inc.-
ulgted gnd a film w-s prepared for microscopy. Toe filu was
stgined oy the Lienl-Neelcen method.

Toe sulonuric gcid method.

(=) HomozZenisation snd &econtamination. Sputum wes mixed wi“u

an equal volume of & per cent. (V/Vj sulphuric acid in a 25 al.
screw-canped container. The mixture was shgken taoroughly by
hand and incubsted in a water bath at 37°C for 20 minutes.
Shaking was reoeated after 10 minutes and at the end of tue
incubstion period.

(b) wWashing and concen*trstion. The volune of the homogenate

was made u» to 2C ml. with sterile distilled water acd ceantri-

fuged for 20 winutee at 0000 r.pau.
(¢) Neutrslisstion and inogsulstion. Tane gupernatant was
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ment was susoended in U.5 ml. of &t
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gsodium citrate solution and from it 2 Léwenstein-Jensen slopes .
were inoculsgted by means of a pasteur pipette.

This method differs in one detail from that used by
the Public Health Laboratory Service (1952) - the sediment is
neutralised with sodium citrate before transfer to the culture
medium. This modification was adopted because of the
observation of Collins (see p.19 of this thesis) that, with
acid homogenates, a 1ow pH may persist in the culture medium

for a prolonged period after inoculation.

The acid-iron-peroxide method. Two reagents are required for

this method.

Reagent A: Phis reagent has the following composition.

Ferrous sulphate 20 gn.
gconcentrated sulphuric acid 20 ml.

Distilled water 180 ml.

This reagent keeps indefinitely and may bé prepared
in bulk.
Reagent B:  This reagent consists of 1 volume streagth
hydrogen peroxide. It must be freshly prepared from 20 volume
strength hydrogen peroxide each time the method is applied.

(a) Homogenisstion. To 2 ml. of sputum in a 25 ml. scfew-

capped container are added 1.2 ml. of reagent A and 1.2 ml. of

reagent B. The mixture is allowed to stand for 5 minutes at

room temperature.



() waswlize gnd ccncentration. oz volume ©oF tue ucuorsenate

jg mace ud to 20 ml. wita sterile oistilled water wne tne
diluted nomogenste 1s centrifuged for 20 minutes at S0C0 redem.

(c) Neutralisation and inoculation.  Tiis procedure is exuctl,

the scile as descrived above ia step (c¢) of the sulosuric scid
metnod.
pesoite tue nreference of inderson et sl. (193¢} for s

concentration of 10y volume strengti aydrogen peroxide, s

[+
strengtnh of 1 volume was adopted. There sre two ressons for

_tnis. First, Anderson et gl. failed to snow that tiheir metnod

was more efficient tauan tne sodium hydroxide method (see .20

and tzblz 11 of tnis thesis). second, Macfarlune st al.

provide resultse wnicn su-zest tnat tae acid-iron-peroxide
metnod usinz 1 voluae strength nydrogen peroxide is more
efficient tnan tane metizod descrioved by Aaderson et zl. (see

e 21 and tacles 12 and 18 of tais tanesis).

The trivcdium pnosshate metnod.

(a) Hosiogenisation. soutun was mixed with an equsl volume of

a 10 per ceant. solution of trisodium pnospihate (anhyirous salt)

fre

n g 25 ml. screw-caoped container. Tne mixture was sunazen

i

thorougnly by hand and wes then incubated overnizht at 5790,

(b) #irst wasininz ard concentrstion. Tne volume of tae

pixture was made up to 20 ml. wito sterile distilled wuter and

centrifuzsd for 20 ainutes at 300 el

(¢} sscond wasiins wod concentrgtion.  The supernutent was
discsrded arnd toz sedinent resusvended in 2C wl. of sterile
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water. The deposit obtained by centrifuging this second
suspension was used to inoculste 2 slopes of ILowenstein-

Jensen medium.

Asgessment of the efficiency of methods

of isolating tubercle bacilli from sputum

§tudies based on counts of vigble tubercle bacilli. The

method of vigble counting used in these studies was that of
O'Hea (1955). Tuae procedure is as follows.

Vvolumes of 4 ml. of Lowenstein-Jensen medium were
dispensed in screw-capped bijoux bottles (5 ml. capacity,
circular cross gsection) and inspissated with the bottles in
the upright position. The bottles of medium were packed
in wire baskets for inspissation and care was taken to ensure
that the surfaces of the medium were flat. Satisfactory
surfaces were obtained by not overcrowding the bottles near
the sides of the baskets. During inspissation.and re-heating
water of condensation was not formed, but a very small amount
sometimes appeared during incubation (fig. '). This was
dealt with as described below. The surface of the medium
formed & shallow cup with an area of 1.8 sg.cm. and the
depth of the medium is 2 cm. (fig.1l :.

To count the number of viable units_in 8 suspension

of tubercle bacilli, a series of ten-fold dilutions was made

from the suspension in the medium of Proskauer and Beck. A



separate pioette wmust be uged for mgiinz easca diluticn.
Pronm a pipette calibrated to deliver drops of Q.02 wml.
volune, a single drop from escin diluticn was placed on tne

surface of tue medium in each of & bottles, this number of

replicates being sufticient for practical purposes in nlace
cf 6. The inoculations were made in series from tie zreatest

c

to tne smgllest dilution, and the whole process of inceulatin

v

1

1

the bottles of medium was done with a single calibrated
pipette. After inoculation tune bottles were incubuted over-
night in tne uorigat position at 470C wita screw-ccos loose.
éne cupe were tanen screwed tigat to gvoid drying of trhe

medium, ﬁnich may be caused by an imperfect gir-geal. Beczus =z
a trace of condensation moisture was gometimes forwed (fiz. 1),
tne bottlez were placed in tne inverted position for tie
remginder of tane incubation period to aveoid possible wetting
of tne inoculated surface. Trne incubation period was from

21 to 28 days but a shorter period may suffice for strsins

Such as Hé7av, winlch nave been maintained on artificial wedisg
for a orolonged period. After incubstion tne bottles of
medium containing isolated colonies were selected and tae
nuonber of colonies in esch was counted with tane aid of & wnand
lens. Tone colonies are regdily visible (figs. l-anda 2}.

tals metnod are: thne prepared gsdium

=

Tne gdvantazes o

oo

gnd tne Proszaguser and Bec: diluent can be stored ready



for use; airborne contamination is so infréquent as to

be negligible; and the accuracy of the method is at least

gufficient for comparative purposes.

Studies based on series of specimens of sputum

specimens of sputum. Sputum was obtained from in-patients

of the tuberculosis division of Ruchill Hospital, Glasgow;
all the patients from whom sputum was obtained were known
cases of pulmonary tuberculosis. The great majority of the
pvatients were receiving streptomycin, parg-aminosalicylic
acid, isoniazid or g combingtion of these drugs. The
influence of the specific tregtment of the patients on the
results of cultures for tubercle bscilli made from their
gputum cannot regdily be gssessed. It may well be important
but it was not feasible to restrict the studies presented in
this thesis to specimens of sputum obtained from the very small
numbers of patients who were not receiving specific therapy.

Selection of specimens of sputum. Sputum can readily be

Olassified into 2 main types of specimen by microscopy:

(1) specimens in which acid-fast bacilli can resdily be
detected and (2) specimens in which acid-fast bacilli cannot
readily Be detected . Both types of specimen may yield
valusble information; specimens of the first type usually

contain large numbers of viable tubercle bacilli gnd have been
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for orelininary tests of metuods of isolating tuverc.e

jot)

aelect

i

bacilli from sputum; in a groun of sorecimens of taz s=cond
tyoe tnere will be some wcicin contain only e few viable tubercle
baci 1i snd otners waich do not contain viable tuvercle bacilli .
The second typve of specimen has been gelected for criticel
tests of methods of isolating tubercle bacilli from sputunm.

Prelinminary tests of methods of isolating tuvercle bgcilli

from_ sputum. Specimens of sputum containing larze numoers

of viable tubercle bacilli were uged. The applicytion of s
method of isolating tubercle bacilli from sputum to tais tyoe
of soecinmen yielded the folloﬁing information. Firest,

it demonstrated whether tubercle bscilli c¢ould survive tne

proposed metnod snd yield a culture, Second, tue time

1

taken for colonies to saopear and the abundance or scarcity
of the numbers of colonies indicated wnether the metnod migzgnt
compare fgvoursbly with thne standard sodium hydroxide metnod
in a more critical_trial; on Lbwenstein-Jensen medium the
sedium hydroxide metuod usually yields within 25 days e
confluent growtn of tubercle bacilli from s@ecimens shown by
microscopy to contain numerous gcid-fast bacilli. Third,
& rougn indicstion wss obtained of the gbility of tae proposed
metnod to control tue growta of contawlnants.

Thé-appliCation of the preliminary testing procedure
described above made it poscible to test a large number of

methodgs zné to select the few metnods wortny of the more



eritical and time-consuming procedure described below.

Critical tests of methods of isolating

tubercle bacilli from sputum

» Critical assessment of the efficiency of a proposed
method of isolating tubercle bacilli was made by couparing
the efficiency of the method with that of the sodium

hydroxide method in a éarefully selected group of specimens.

gelection of specimens. specimens of sputum were examined

from g group of patients suffering from pulmonary tuberculosis.
A smear was made from easch specimen, stained by the zZiehl-
Neelsen method snd exgmined microscopically for 5 minutes

with the 1/7 inch fluorite oil-immersion lens. If acid-

fast bacilli were observed the specimen was rejected; if
acid-fast bacilli were not seen the specimen was divided

into 2 equal parts, one for treatment by the proposed

method and the other for treatment by the standard sodium
hydroxide method. When dividing the specimen, care was taken
to ensure that, as far as possible, gll purulent parts of

the sputum were distributed equally between the 2 portions.
Arrgngements were then made for the exasmination of £ further
Specimens from patients who yielded specimens which were
negative by microscopy. This procedure was repeated with
fresn groups of patients until & replicate specimens had been

provided by egcn of 40 to 50 patients.
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Tone value of replicute scecimens. In cxoneriment 12 of

tois thesis (p. 159 and tables 74 to 79) it was found tugt

a difference was demonstrated in the sfficiency witn weichn

2 methods prdduoed cultures ot tubercle bacilli from g series
of specimens, each from g different patient and nezative by
microscopy for acid-fast bacilli; &g grezter difference,
however, was observed in g smaller group of microscopically
negative soecimens wnich congsisted of 2 or more replicate
specimens from & group of 40_patients. Reolicate specimens

were therefore adopted for the critical assessment of netiods
of $solatiqg tubercle bacilli from sputum. In tiis way sote
compensation was made for tue fact that the studies reported
in tois thesis were made with relatively small numbers of
specimehs; 1t must be emphasised thet one worker with tiae
vart-time ascsistgnce of one technician casnnot undertake
investigations on the scale of that cconducted with tue

resources of 12 laboratories of the Public Health Laboratory

Service (see p. 13 of this tnesis).



METHODS USED FOR INDIVIDUAL EXPERIMENTS

Becsuse the general methods already described may differ
in small but important details from one exneriment to
anotner, details of methods and experimental procedure

are given for each experiment.

>
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Bxoperiment 1. (a) A compariscon of tue numosrs

(0]

of vigble tubercle bscilli present in untresgte

goutwn with the numbers wnich remsined in the

sputum after tne application of standard

methods of preogring soutum for culture.

(b) Tae recovery of tubercle bacilli from swabs

inoculgted with dilutions of sputum.

(c) The numpers of viable tubsrcle bacilli

discesrded with tne supernatant fluid

after centrifugation.

This stpdy was made with 7 specimens of sputum in all
of whnich numercus acid-fast bacilli were demonstrated by

microscooy.

Preoaration of soutum for viable counts.

(a) S+tandard methods and control counts. Five vortions,

each of 2 ml. volume, were taken from each of the 7 specimens.
A separate portion of each svecimen was trested by ore of

each of the 4 following standard metnods: the sodium hydroxide
method, the sulvhuric acid method, the acid-iron-peroxide

method and the trisodium phospaate method. Tnese metnods

| id

g asg

were aoplied as described on pages 74 to 78 of tnis tnes
far as the Tiret wasning and centrifugstion. Tue deposits

obtained at tuais ooint by each metnod were resuspended in 2 al.

of Proszauer and Beck medium and from tie sussensions dilu+i
, 8l04as dilutigrs



were made for viable counting.

The bufd€ering action of the Proskauer and Beck medium
used as a diluent in the vigble coﬁnting method mgde it
unnecessary to neutralise or ﬁash the sediments. The fifth
portion of each specimen served as an untreated control;
from it were prepared 2 sets of dilutions for viable counts,
one in Proskauer and Beck medium and the other in Proskauer
and Beck medium containing 100 units of penicillin per ml.
This procedure was sdopted in order to obtain, if possible,
counts of the numbers of vigble tubercle bacilli from sputum
which, apart from dilution, had not been trested in any way
»torsuppress contaminants and in order to compare these counts
with those‘obtained from untreated sputum diluted in Prosksguer
and Beck medium containing penicillin. In fact, the
ingorporation of peniecillin in the diluting fluid did not
seriously affect the numbers of tubercle bacilli in the 2
specimens in whicn a figure was obtained from untreated |
sputum prepared for counting without penicillin(see table 55).

(b) Visble counts from swabs. The dilutions of sputum in

Proskauer and Beck medium without penicillin were used to
transfer material to cotton wool swabs in order to establish
the numbef'of organisms which could be recovered from cotton
wool swabs. Six of the 7 sputa were investigated in this

way. For each sputum, three cotton wool swabs were charged



with meterial from each of the 4 weskest dilutions of sputum;
the volume of material transferred to each swab was 0.02 ml.
The swabs were then immersed in 2.5 per cent. oxalic acid;
after 20 minutes at room tempersture one slope of Lowenstein-

Jensen medium was inoculgted from esch swab.

(c) Counts from supernatant flyid after centrifugstion. In

2 of the 7 specimens viable counts were made from the supernatant
fluids obtained after centrifuging the diluted homogenates
prepared by each method. In order to compare the numbers of
organisms isolated from the dilute supernatant, the volume

of this fluid was measured and the difference between thiés

volume and the originsl volume (2 ml.) of sputum treated was
allowed éor in making the dilutions for setting up the viable

gouhts.
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Exneriment 2, A comdarlson of tpne rnumbers

-

of viable tu.ersle bgcilil in oortions of

gpecinensg of gputun (a) untrested (L) homogenised

with pancreatin {c¢) homozenised and decontsminated

with sodium hydroxide and fd4) somogenised snd

decontamingted witn suljauric scid.

Three specimens 0of sputum were used for this invest-
igation. Bach speciuen was divided into & egual portions:
the first porticn was thorcughly mixed with an equal volume
of sterile distilled water and dilutions were orepsred for
vigble counting without furtner homogenisation; tue second
portion was mixed with an equal volume of 1 per cent. pancre-
atin solution end after an incubation period of 1 uour.at
37°C dilutions were prepared frox the homogenste for viavle
counting; the thnird portion was homogenised and decontamin-
ated with an equal volume of 4 per cent. sodium hydroxide
(see p. 74 of this thesis) and tne fourtn portion was nomo-
genised snd decontsminated with an equal volume of & per
cent. (V/V) sulnhuric ascid and diluted for counting (see p.
75 of tais thesis).

Diluting fluid. The untreszted sputum and the sputum

homogenised with pancrestin were diluted in Proskauer end
Beck medium containing 1/250,000 proflavine sulphate. Tuls

concentration of -roflavine was shown in experiment 6 (see

DN
Hy

0,149 of tanis tanegis, tuole 64) to nave no ianlvitinz effcct on

the growta of thne H&7Av strain of tubercle baclilli; 1t was

N
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used in tune osresent exvceriment to prevent tae zrowta of
contaminants in counts from sputum waich nad not been treated
with a decontaminating agent.

The homogenates prepared with sodiﬁm hydroxide or wita
sulohuric acid were diluted for counting in Proskauer and
Beck medium without proflavine. Neutralisation ot thege
homogenates was unnecessary because the buffering action of
the diluent produces a neutral pd in‘the dilutions beyond

1:10.

¥
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Experiment . The effect of neutralisation

on the numbers of vigble organisms in homogenstes

of sputum prepared with acid or alksgli.

rwo groups of 3 specimens were examined; all specimens

contained numeroug acid-fast baeilli.

Firgt group: Each specimen was divided into 2 egual portions;

one portion was homogenised and decontaminated with an equal
volume of 4 per cent. sodium hydroxide and the other with an
equal volume of & per cent. (V/V) sulphuric aéid. The
sodium hydroxide homogenate was divided into 3 equal portions;
using 3 per cent. (V/V) sulphuric a&id, one portion was
neutralised exsctly, one portion received an excess of 0.1 ml.
of acid after exact neutralisation and one portion was not
neutralised. 4 similar procedure was used for the sulphuric
acid homogenate and 4 per cent. sodiumvhydroxide was used

as the neutrslising agent. The volumes of all the portions
of homogenised sputum were then made equal by adding tihe
appropriate volume of sterile distilled water to each one.

The number of viable tubercle bacilli in each portion was

determined in the usual way.

Sgecond group: The second group of specimens was treated in

exactly the same way as the first except that & per cent.



(V/V) nydrocaloric acld was substituted for sulphuric acid for
nhomogenisation and 10 per cent. (V/V) hydrochloric scid was
substituted for sulphuric acid in the neutralisation of

alkaline nomogenates.
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Experiment 4. The gbility of centrifugstion

to recover tubercle bacilli from soutum

- ————. o~ srv——— e Tt

nomogenised by tne sodium

hydroxide method.

A specimen of sputum containing numerous acid-fgst
bacilli was nomogenlised with an equal volume of 4 per cent.
sodium hydrcxide. four portions, each of 4 ml. volume,

were taken from the homogenate snd treated ss follows.

Pirst pvortion. The volune of this portion was made up to
20 ml. witn sterile distilled water. A viable count was
then made from the diluted homogenate. Tonis count gzave

the number of vigble organisms present in the homogenszte.

Second portion. Tae volume of tuis portion was made up

to 20 ml. with sterile distilled water snd centrifuzed for

20 minutes., The suvernatant was decanted into a fresh
sterile container and a count was madé of the number of viable
organisms in the supernatant; this count gave the number of
viable organisms discarded with tuhe supernatant fluid after
centrifuging homogenate which had not been neutralised.

The sediment was resuspended in 20 ml. of sterile distilled
water; -0.5 ml. of the resuspended sediment was removed

for visble counting - this count gave tane number of

organisias recovered after diluting and centrifuging fne
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origingl nomogensgte. The remgining 19.5 ml. of
resusvended sediment was centrifuged a seccnd time =znd
the deposit was susvended once more in 19.5 ml. of

sterile distilled water; a count of the number of viable

standard sodium hydroxide metnod (1) dilution and centri-
fugation of tine original homogenate and (2) resuspension
and centrifugation of the deposit obtained by the first

centrifugation.

Tnird portion. Tais porticn of homogeunate was neutralised

with ¢ éer gent, (V/V} sulnhuric gcid and tihe voluue of tuoe
neutralised homogengte was made up to 20 @l- with sterile
distilled water, A Viable count of this neutraglised snd
diluted homcgenate gave the number of viable tubercle

bacilli oresent after geutrslisation.

Fourth oortioca. This portion was neutralised and diluted

to a volume of 20 ml. as described above for the third

portion. The neutralised and diluted homogenate was taen
centrifuged for 20 minutes. The supernatant was decanted into
a freshycontainer and g viable count was made from tae decant-
ed fluid; +this count gave tne numbers of organisms pregent in

Lo

tne supernstant fluid sfter centrifuging neutralised ucmczens” s

e



.

The sediment was resuspended in 20 ml. of sterile distilled
water and a viable count was made; this count gave the
numbers of viable tubercle bacilli recovered by centri-

fuging the neutralised homogenate.
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BExperiment 5. The choice of a standard

method of isolating tubercle bacilli

from sputum.

The sodium hydroxide method (see p. 74 of this
thesis ) was compared with the sulphuric acid method (see

ps 75 of this thesis).

gomparison of the efficiency of the two methods.  The

procedure described on p. 82 Of this thesis was adopted for
this experiment; & replicate specimens from each of 40

patients - a total of 120 specimens - were examined.
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Experiment 6. The action of selective

bacteriostatic agents on tubercle bscilli.

Media containing bacteriostatic agents. The basal medium

was that of Proskauer and Beck with the addition of 10 per
cent. sterile horse serum; it was dispensed in 1.8 ml.
volumes in bijou bottles. A series of stock solutions in
Proskauer and Beck medium was prepared for each bacterio-
gtatic ageant and media éontaining the agents were prepared
By adding 0.2 ml. of stock solution to 1.8 ml. of the

basal medium. For example, a series of stock solutions

of ethyl violet was made with the following concentrations
of dye: .’111.000; 1:2,500; 1:5,000; 1:10,000; 1:25,000;
1:50,000; the addition of 0.2 ml. of each of these concent-
rations of dye to the basal medium produced a series of
.test>media with the following concentrations of dye: 1:10,000;
©1:25,000; 1:50,000; 1:100,000;  1:250,000; 1:500,000-
The following'additionél series of test media were

mede in the same waye

Agent .Renge of concentrations
PrOflaViﬂe 1:10,000, 1:25,000, 1:5090001 1:1009000,
1:250,000, 1:500,000.
Malachite green As above

Potassium tellurite ‘ i o
Sodium oxidé " "
Silver nitrate " "
Hibitane ‘ " "
Oxglic gecid 1:200, 1:2,000, 1:4,000, 1:5,000
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control medium: The control medium in this experiment

consisted of 1.8 ml. of basal medium plus 0.2 ml. of
Prdskauer and Beck medium.

Inoculum: The Hz7Rv strain was used for these experiments .
rhe inoculum consisted of a portion of a 10-day-0ld surface
culture of this strsin in Proskauer and Beck medium coantain-
ing 10 ver cent. of horse serum; the size of the inoculum

was approximately 1 millimetre in dismeter.

Incubation and recording of results. The inoculsted media

were incubated at 5700. The results were recorded ss follows.

Complete inhibition. "gomplete inhibition" was recorded

when the inoculum increassed in size during an incubstion
period (usually 10 to 14 days) in which the surface of the

control medium became completely covered with growth.

Partial inhibition. "Partial inhibition"™ was recorded when
the inoculum increased in size but failed to cover the whole
surface of the medium during a period in which the surface of
the control medium became completely covered.

No inhibition. "No inhibition™ was recorded when the inoculum

covered the whole surface of the medium in a time not exceed-
ing that in which the whole suifaoe of the control medium

became completely covered.
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Experiment 7. The isolation of tubercle bgcilli

from spoutum by means of combinstions of pancreatin

with bacteriostatic agents.

Pancregtin. Pancrestin (B.D.H.) was made up in 2 2 per
cent. solution in ohosongte buffer at pH 7.0, The

o)
golution was left at 4 C gnd fresh solutions were msde

—

The following mixtures were made for homogenising and
decontaminating sputuw in order to isclate tubercie bscilili,
the stated concentrstions of nancrestin and bacteriostatic
agent sre those present in tne mixture.

a) Pancreatin 1 per cent., malachite.green 0.1l per cent.
B3 Pancrestin 1 per cent., ethyl violet 0.1 per cent.
e) Pgncreatin per cent., oroflavine 0.1l pef cent.
a) Pancreatin cent., Hibitsns 1 per cent.
e) Pancreatin oer cent., Desogen 1 per cent.

f) Pancreatin per cent., silver nitrate 0.1 per cent.

N N e = =
O
o
[

g) Pancrestin 1 per cent., mercuric chloride 0.1 per cent.



preparation of sputum for culture. Spoutum wgs mixed with

an equal volume of the mixture c¢f pancreatin and bacterio-
static agent and incubated for 30 minutes at 37°C.  The
homogenate was then gently mixed by repeated aspiration
into and discharge from g fine pasteur pipette fitted with
a rubber test. This is a potentially dangerous procedure
and care was tagen to avoid violent movement, splashing or
bubbling of the homogenate. Two LOwenstein-Jensen glopes
were inoculated from the homogénate; one slope received &
drops of homogenate from a pasteur pipette, tne other
received 1 loopful of homogenate spresd evenly over the surface
of the medium.

Method of.assegssing the efficiency of the mixtures. Specimens

of sputum conteining large numbers of tubercle bacilli were
used in order to indicsate whether any of the mixtures of
pancreatin with bacteriostatic agent deserved s more critical
exgmination (see p. 81 of this thesis). The numbers of

specimeng used to test each method were as follows.

Method Number of specimens
Pancrestin-malachite green 10
Pancreatin-ethyl violet 5
Pancregtin-proflavine 5
Pancrestin-hibitane 16
Pancreatin-desogen 6
Pancreastin-silver nitrate 4

4

Pancregtin-mercuric chloride
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BExperiment 8. Tne isolation of tuvercle bscilli

from sputum with combinations of different

concentrations of trisodium phosphafe

‘'with bacteriostatic agents.

The following mixtures of trisodium phosohate and
bacteriostatic sgents were used for >revaring ssutum for

cualture.

Trigodium phosphate with Qrofiaving. ~ Solutions of 10 per
cent., 5 per cent. and 1 per cent. anhydrous'trisodium
phosonate wére orepared, each containing 0.0l per cent. of
of »oroflavine.

Trisodium phosphate with hibitane.- Solutions of 10 der

cent., 5 per cent. gnd 1 per cent. gahydrous trisodiuum
phosohste were prepared, easch containing 0.0l der cent. of
hibitane.

Cootrol solutions. golutions of 10 per cent., & ner cent.

and 1 ocer cent. snihydrous trisodium pnosphate were prepared

witaout the addition of bacteriostetic azents.

Preperation of soutum for culture. Specimens of sputum

were divided into 9 equal portions. Bach porticn was anixed
wita an equal volume of one of tre above tricodium ducedzate

solutiong. ifter an incubstion period of £4 hours at 379C

the .iztures were neutrsliced with & per cent. (V/V) eculonuric
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acid . A slope of LEwenstein-Jensen medium wss inoculst=4a

from eacn homogenate; the inoculum consisted of 1 Grop

from a tasteur »ipetie.

Method of agsessing tne efficiency of tine mixtures. 4s in

experiment 7 only a preliminary trial was carried out with
the mixtures described gbove (see p. 81 of tais thesis).
Four specimens were examined; - each contained numercus

tubercle bacilli and was examined gs described above.



Bxperiment 9. wue_use of Teeool in *ae izolgtior
of tubercle bacilli from sputum.
Browning's method.
Sputum was wixed wita an egual volume of Teepol. sfter

4 hours 2 Léwenstein-Jdensen slopes were inoculsated from tre
homogenste; one slope received 1 lcopful of houogenate evenly
distributed over the surfasce of the medium, the otnecr receivee

4 droos of homogenate from g pasteur pipette.

I

+

Metnod of gsseccsing tine efficiency of Browuing's mestinod. A

method was tested with 5 specimens of sputum Ekunown te contuin
acid-fgst bgcilli. Only a greliminary trial was wade (sSes
p. 81 of tnis thesis).

The sodium hydroxide teepol metnod.

A solution was prepsred contsining 1 oer cént. sodiuum
hydroxide and 25 per cént. Peepol . .This -was used for
homogenising and decontaminating sputum specimers in thne
manner described for 4 per cent., sodium nydroxide (see pn. 72

of tuis thesisi.

Preparstion of sputum for inoculation. Altnough tne soluticr

used for nomogenisation and decontaminating is tnat describea
by Tison, tne detzsils of its use differ in several important
respects from tnose prescrined by Tison. flrst, tae neutre li-

fation orocedure is ogitted. Second, tus time of certri-
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fugation is 20 minutes instead of 1 hour. Tnird, thae
homogeniced material was washed only once instezd of
gseveral times. No doubt tne simplified metnod described
gbove mgy yield lesg satisfactory results than those
claimed by Tison for nis original method (see p. 41 and
tgbles 28 and 2% of this thesis). The agim of the pregent
experiment is fo find out wnether a Simplifioation of
miscn's metnod is more efficient thnan tne sodium anyiroxide
metnod; tue efficiency of Tison's own procedure was uot
investigated because it in unsuitable for routine laboratory
oractice; tae centrifugatiqﬂ time alone magseg it iwmpract-~

icable for large numbers of routine specimens.

dethod of gssessging the efficiency of tane sodiwx hydréoxide-
N

teépol metnod . Tne pfocedure described on p. 82 of tais
thesis was adopted; o replicate specimens were examined
from ezcn of 15 natients - a totsl of 45 soecimens. The
efficiency of sodium hydroxide-teeool metnod was comoared
with tuonat of tae standard sodium nydroxide metnod. The
number ot osatients examined was small because tue experiment
was terminated as soon ags it became clear tnst the modified
socium nydroxide-teeocl method was no more efficlent tuaun

tue sodium hydroxide method .
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Experiment 10. The importance of centrifugation

in the sodium hydroxide method.

Preparation of sputum for culture. FBach specimen of

sputum was homogenised and decontaminated with an equal
volume of 4 per cent. sodium hydroxide (see the sodium
hydroxide metnod, step (a) pe » of this thesis). one -
tenth of the homogenate was transferred to a separate
container, and neutralised with 3 per cent. (V/V) of
sulphuric acid; all of the neutralised homogenate was
inoculated on 2 slopes of Liwenstein-Jensen medium by
means of g sterile pasteur pipette. The remaining nine-
tenths of ths sputum was prepared for culture by ceatri-
fugation and washing as described in stevs (b) snd (c)

of the sodium hydroxide method on p. 75 of this thesis.

Method of assessing the effigiency of the sodium hydroxide

method in which centrifugation was omitted. 4L serieg of

74 specimeng of sputum, was examined. Bach specimen was
obtained from a different patient and was negative by
microscopy for acid-fast bacilli. The homogenised specimens
were treated as described above and the results of culture

without centrifugation were compared witin those in which

Washing and centrifugation were carried out.



hhjerlmEHt 11. luid media for tne isolation
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of tubercle bgcilli from sputum.

In this experiment the E.V. mediuva agnd tne P.F. medium
descrived on page 74 of tahis thesis were used for tne
isolgtion of tubercle bacilli from sputum in comparison witha

tne standagrd sodium hydroxide wethod.

Triel of tune A.V. medium.

Sputum specimens. ~ Thirty-two specimens of sputun were

cultured in E.V. medium and by the sodium hydroxide method.
In all of the spe01aens direct mlorobeoay failed to detect
geid ~fast bacilli. After councentration by the sodium
hydroxide mefhod 7 of tne $2 specimens were siown by
microscoay to contain g few acid-fast bacilli; tne renaining
250 spescimens were negative for acid-fast bacilli even after
concentration.

Preparation of sputum for culture. Eaci gpecluen was

carefully divided into 2 egual portions (see p. 82 of this
thesis ).

One portion was transferred to 3C ml. of E.V. medium
contained in g flat screw-caped bottle of 100 ml. capsacity.
The incculated bottle was incubated in a horizontsl
position at 37°C¢ in order to »nrovide the meximum surfsce

dree for toe free passgze of oxygen into tie zediuvi.

At weesly intervsle for 8 wesks smears were .elde from tae
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-gediment of the medium, étained by the.ZiehI—Neelsen
method and examined microscopically with tue 2/¢ incn
objective for the presence of microcolonies of tubercle
bgcilli.

The second portion was cultured by tne standurd

scdium hydroxide wmethod as described on p. 74 of tuis tuaesis.

(

{x

Trizl of tpe P.F. medium.

Sputum specimens. Twenty-seven specimens were cultured

in the P.F. medium gnd by the sodium hydroxide metiod. In

4 of tie gpeciumerns acid-fagt bacilli were detected by

direct wicroscopy; 1in a further 5 of tne speciuens zceid-

fast bacilli were detected by microscopy oniy aiter coucentruticon
by toe sodium nydroxide metnod; in tne remaining 1o speciue:r:
acid~fast bacilli were not detected even after concentration.

Prepsration of sputum for culture. Each speciuen was

carefully divided into 2 equal portious (see p. 82 of tuis
tiegis).

One portion was homcgenised and decontaminated witn
an equal volume of 1 per cent. sodium hydroxide by incubat-
ing at 57°C for 26 minutes. The homogengte was tuien

transferred to a flat 100 ml. screw-cgpped bottle coatain-

ing 20 ml. of P.F. mediume. heutrulisation of tae rowo=-

G

genate w.s uUcpnecessary becsuse tne buffering woetica of tue

P.F. medium was sufficisrt to maintain & 2H of 6.8 to 7.4
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after inoculation with the sodium hydroxide homogenate.
The inoculated medium was incubated in a horizontsal
position for 8 weeks and examined for microcolonies of
tubercle bacilli as described for the &.V. medium on p.igs
of this thesis.

The second poi“cion was cultured by the sodium

hydroxide method as described on p. 74 of this thesis.



Experiment 12. The evaluation of Nassau's

swab method of isolating tubercle

bacilli from sputum.

Prepargtion of sputum for culture by Nassau's swab

method. Two sterile swabs mounted on orange sticizs were
moistened in distilled water. They were then immersed
and rotated iﬁ the specimen of sputum so that some sputum
adnered to thém. Each swab was placed in g sterile tube
(5" x ") and tne tube was half-filled with 5 per cent.
oxglic acid. After 25 minutes at room tempergture each
swab was transferred to a secoand tube containing 5 per
cent. sodiun citrate to neutrglise the acid. ifter 10
minutes a separate slope of L¥wenstein-Jensen medium was
inoculated from each swabe. The swab was pressed and
rotated on the medium so that most of the sputum was
transferred to the medium. The swabs were then discarded
into lysol. Inoculated slopes were iacubated for 8 weeks

at 37°C and examined at weekly intervals.
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llethod of assessing the efficiency of the swab method. Four

groups of specimens were examined.

The Zirst group consisted of SO specimens iz which
acid-fast bacilli were demcustrated by microscopy. Thess
Specimens were cultured only by the swab method in order

to establisz whether or not the method deserved a more



critical exemination (see pa. gjof this thesis).

There were 30 specimens in the second group;
they were examined by the swab method and by the standard
sodium hydroxide method. In the specimens in this group,
acid -fast bacilli were demonstrated by microscopy but only
after concentration by the sodium hydrdxide method.

The third group counsisted of 130 specimens in whicn
acid-fast baciili were not seen even after concentration
by the sodium hydroxide method. Hach specimen was
obtained from a different patieant and was examined by the
swab method and by the sodium hydroxide method (see p. 74
of this thesis).

The fourth group of specimens also consisted of
specimens in which acid-fast bacilli were not 'seen by
micfoscopy. There were 104 specimens ih this group
but they were obtained from only 41 patients, each patient
contributing 2 or more replicate specimens. Taca specimen
was cultured by the swab method and by the sodium hydroxide
method.. The criticsl procedure described on p.382 of
this thesis was not adopted for this experiment because,
although this experiment appesrs as the twelfth experiment
1t was carried out tefore the value of the examination of
replicate specimens was appreciated; it was in fact, the
€xperiment which drew my attention fo the value of

replicate specimens for the critical assessment of methods

XVt



of isolating tubsercle bacilli from sputum in circumstances
in which it was not possible to examine series of specimens
on the scale sdopted in the investigation made by the

Public Health Lsborstory Service (see p.13 of this thesis).

1u¥
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Bxperiment 18.  Comperison of sputum culture

and laryngeal swab culture for the isolestion

of tubercle bacilli from patients suffer-

ing from pulmonary tuberculosis.

Laryazsal swabs. The swsabs consisted of & generous

wrapping of nylon wcol on tiae roughened end of & iacines

of brass wire. ; Nylon wool was used iustead of cotton

w00l becsuse Taomas (1956) showed tuat tubercle bacilli
were mere egsily recbvered from nylon wool tnan from cotton
wool. Tue swabs were assembled in stoppered glass tubes
as illustrated in fig. 3 and tne assembled swabs were
sterilised by sutoclaving at 15 lbs. pressure for 2¢

minutea,

Laryngeal sweb speclaens. As tae wire was witadreawn frow

tue sterile tube it was bent approximately 2§ incues from
the swab end to form azn angle of aoproximately 100 degrees
with toe mairn part of the wire. The nylon swab was then

noigtened in sterile distilled water. The

By

[

s

oo

atient was
instructed to pull his tongue well forward with z gzauze
swab and tue nylon swab was passed into the pharyax. Taen,

vitacut tne alu of g laryrzsal wirvor, toe swul wes

rapidly wagnoesuvred towards tane lazynx. at tnle soiat
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the patient usually coughed; if he did not cough he was
instructed to do so. The swab was then withdrawn from
the patient and as it was replaced in the sterile tube
thé wire was straightened against the side of the glass.
The operator was protected from infection by wearing a
surgical gown, cap, mask and a transperent face visor

mgde from o0ld X-ray film.

Prepgration of laryngeal swab specimens for culture. The

swabs were decontaminated with oxslic gcid as described on

p.107 of this thesis for Nassau's swab method.

Assessment of the efficiency of the laryngeal swab method. A

procedure similgr to the critical procedure described on p.yy
of this thesis was adopted. A group of 46 patients was
obtained whose sputum specimens were negative for acid-

fast bacilli by direct examingtion. Each patient contribut-
- ed a specimen of sputum on each of & counsecutive days. When
each specimen of sputum was collected two laryngeal swabs
were taken from the patient. The specimens of sputum were
cultufed by the sodium hydroxide method (see p. 74 of this
thesis ). In this way, for each patient, the results of &
replicete cultures by laryngeal swab, each involving the
examnination of 2 specimens, were compared with the results

0f 8 sputum cultures made by the sodium hydroxide method;



both kinds of examination were made from specimens

collected at approximately the same time.
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kxperiment 14. ~ Congentration of tubercle

bacillivfrom homcgenates of sputum by

sedimentstion with barium sulpnate.

Barium sulphsate suspension. 410 per‘centa suspensicn

of bgrium sulchate B.P. in distilled water was used.

Apparatus. Sedimentation tubes were made of stout
borcsilicate giass tubes (fig. 4). The tubes were 7" long;
the top 5 inchés nad an internal diameter of 4/4"™ and the
bottom 2 inches ccnsisted of a tapered portion 1 icci

long leading to a straight termingl portion 1 inch long
with g dismeter of 4 inch. A one-holed stopper carrying
an 8-incn glass rod was fitted to the top portion of tue
tube and a 2-inch length of rubber tube was fitted to the
narrow bottom psrt of tue tube. The rubber tube contzined
& glass bead; tae diameter of tue bead was sligzatiy larger
than that of tune rubber tube. The bezd acted as a stop-
cock; when tune rubber tube was pinched firmly st tne level
of the glagss bead, distortion of tue rubver tube permitted
free flow of fluid. The glgss bead was preferrsd to0 a
spring clip becsguse it facilitated the preparation snd
storage of a large number of tubes. When tne tubes were
assembled for sterilissation tie termingl rubber porticus
were wrapoped in lesd foil (fig. 5); the assembled tubes

o

were steriliced by autoclaving at a oressure of 15 lbs.



per square inch for 20 minutes.

Preparation of sputum for culture by barium sulpohate

sedimentatione.

(a) Homogenisation and decontaminstion with sodium hydroxide.

sterile sedimentation tubes were set up in a rack (Fig. 6),
two for each sonecimen. Tne first tube was euwpty and the
second containéd aoproximetely 20 ml. of phosoingte buffer
at oH 7 (fig. 6, tubes 1 and 2). Specisens of soutum were

homogenised and decontaminated with an equal voluue of 4 per

sodium hydroxide as described in steo (a) of the sodium hydroxide

sent

method on 9. 74 of tris thesis. The volume of tae houmogenute

was made up to 20 ml. witn sterile distilled water gnd 1 ml.

barium sulphate suspension was addaed. The mixture was tnen

of

inverted twice and poured cgrefully into the emcty sedimentutlion

tube. After 10 minutes tune appearance of the two tubes was
that shown in fig. 6, tubes ¢ and 4; tne lead foil was tuen
removed from the rubber portion of tne tube contsining the
homogenised specimen (fig. 6, tube 3); by compressing the
rubber tube at tne level of the glass bead the sediment was
run into the second sedimentation tube contsining sterile

phosphate bufter at pH 7 (fig. 6, tute 4). The sediment

was dispersed in tne buifer by weans of tue glass rod. Lifter

10 minutes the aopearance ot the two tubegs is tuat suown in



!
F—
(&)

fig. 6, tubses 5 and 6. The lead f0il was taen re.oved frow
the enduof tne second tube and the’sediment was relegsed into

92 slopes of Lbwenstein-Jensen medium. After use, tue gediment-
gtion tubes were discarded into a watertight metal box and

sterilised by autoclaving at a pressure of 10 lb. per sguare

inch for 20 minutes before wasaoing.

(b) Homogenisation with g mixture of trisodium pnosonate

ané benzslkonium cialoride. . Patterson et al. (1956) descriced

a metnod of isolating tubercle bacilli from sputum by homo-
genisation and decontamingtion with a mixture of trisodium
phosphate and benzalkonium chloride. The-metnod differs

from tnst described on p. 74 of this tnesis for tue standaro
sodium hydroxide metnod in only o respects. Pirst, tae

agent used for homogenisation and decontamination of tae

sputum is g solution containing 10 per cent. trisodium puos . uute
(anhydrous salt) and 0.1 per cent. benzalkoniuwn cnloride;

second, tne time of incubstion of tne amixture of sjutum and
decontaminating agent is only 15 minutes; and tulrd, tae

process of decontamnination and homogenissgtion is carried out

at room temperature.  Because Patterson et al. clsim tuat

their method is more efficieat than eitiher the sodium hydroxide
method or the trisodium phosphaete method it was deciced to sssess
toe efticiency of & modifi.ation of tne mestinod of Patterson =t al.
in whicn sedinientation witia bariuwa sulsoate was suvstituted for

centrifugstion. vetgils of tue prepsration of sputwn tfor



gulture by tne modified trisodium puosphate = benzslxonium
chloride metnod differ from those of the sodium nydroxide

- barium sulphate method (p. 114 above) only in the followingz
respects: 1) the sputum was homogenised and decontaminated
with triscdium phosphste-benzalkonium chloride mixture instsud
of sodium hydroxide and 2) homogenisation and decontaminaticn

was limited to 15 minutes &t room temperature.

issessment of the efficiency of tie sodium hydroxide-barium

sulohcte method. The critical orocedure descrived on p. 82

of this theslis was apolied. Only a.preliminary investigaticn
was made involving the examination of & replicate specimens
~from eachn of 16 patients - a totsl of 48 gpecimens - by tue
godium nydroxide-barium sulvchate method snd by the standard
sodium hydroxide method. The results of tals investigution
(p. 169 and table 83 of tiais tﬁesis) indicated ton:ot sediment-
ation with barium sulphate migint be a good alternative to
éentrifugation and tnerefore tonis metnod bf concentrating
tubercle bacilli from homogenates of sputum was exsmnined wore
critically. For the reason given sbove (p. 115 of tuis
thesis) homcgenateé prepared by tihe methcd of Patterson et al.
were uzed for tne critical exumination of tue efficieﬁoy of
the begrium sulohate metinod of concentr. ingz tubercle booilli.

Acsecgment of tus efficiency of tus trisodium pnospnute -

benzslxonium chloride-bsriwn st puste metnod. Tue erfziclency
0f the triepdiuwm dhosphate - vesgzalgonium culoride - barium

ST o~ i o - . R T A . N T R s JICR e s R VU
"""l?ilc"\: Hetn00 was o0uoaven MiTi toot O S Wb
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hydrexide method. The critical procedure described on p. 82
of tnis thesis was adopted for this comparison. Taree
replicate specimens from 52 patients - a total of 156 specimens

were exsmined by both methods.
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INDIVIDUAL EXPERIMENTS

RESULTS _AND ANALYSIS

































































































































































































































































































































































































































































































































































































































































































