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Walter A, Iiller

AIT ADSTRACT
The occurrence of viable tubercle kacilli on thie outside
surface of speciren bottl s used to submit sputum to a laboratory for
tuberculosis exarinati-n were deternined. The outside surface of
207 sﬁutum bottles was w shed withh four porcent sodium hydroxice.
The scdium hydroxicde w-s then neutralized with 2 II hydrochloric

N

acid and a portion of this neutralized solutlion was cultured on

Lowenstein-Jencen's tuberculosis medium. Twenty percent of all
speciven: cortaining tubercle bacilli in the sputim were found also
to have virulent tubercls bacilli on the ovtside surf:oce of the
epecinen btottle,

The atility of tubercle bacilli to sur+ive two different

arid-fast staining procedures was investignted., Durlicate slice

and a second snt was stained hy a nmsthod in which o wetting accnt
was added to the sgtain to aid pencirztion., Culturss of orcanisis

renoved fron slides ctained with tho Ziehil-leelson technique falled

to produce crowth, Cuwltures of organisms removed from slides stained

by the method using the wetting agent produced eleven isolations.
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OBCETVTIONS ON SOYE FAZATDS OF WORX IN THE
TUPTPCULOSIS DIAGMNOSTIC LAFONATORY

INTRODUCTION

Improved techniques in ¢izsnostic procedures, for the laboratory
diagnosis of infectious diseases, have been consistent with the progress
achieved by research in allied scientific fields, Thecse improved tech-
niques have raised the ~uality of diagnostic tests, which in turn has in-
creased the demand for these tests, by practicing phyesiclans. To meet
these demands it has sometimes been necessary to increase the work load
of the laboratory beyond the limits dictated by the availability of ade-
quately trained personnel, Adoption of these new and improved methods
too often occurs witout due consideration being given to the increased
hazards of infection which are sometimes introduced by these newer tech-
riques., Many laboratory workers are trained to perform diapgnostic tests
on the job, without adequnte training in protecting themcelves against
the hazards involved in handling diagnostic specimens.

Protection of those who cone in contact with infectious gjents
in the laboratory is of utmost importan-e. Anderson (1) states that
"Je must not take it for cranted that scientists will invariably be in-
fectsd by the materizls with which we work. If the probability exists,
greater efforts should be made to remove it",

REVIE] CF THE LITTRATURE

A comprehensive survey has been made by Sulkin and Pike (10) of
infection in this country among laboratory workers. A total of 1,334
infections in the United States was tabulated. The infections presumably
were acquired as a result of laboratory exposure. Thirty-nine ccses re-

sulted in death, a fatality rate of 3.0 percent. Approxirately one-third



of the infections had been reported in tlic literature, The remaincer

was detected through questionnaires mailed to approximately 5,000 labora-
tories including those associated with stote and local health deparinents,
accredited hospitals, private clinics, schools of veterinsry science, un-
der-graduzte teaching institutions, bioloric manufacturers, and vorious
governnental agencies, The majority of the cases reported occurred dur-
inz the last 25 years.

Of the laboratory-acqnired infections, 775 were htacterial, 201
viral, 200 rickettsial, 29 parasitic and 61 funri. The performance of
dicgnostic tests and research accounted fer at least 668 of the 775 bac-
terial infections while the remaining 107 occurred in classwork, pro-
duction of biolorics or during the performance of a combination of those
activities.

HAZ/RTS IN DIAGIIOSTIC AT I hiPCH LABOTATORIES

During the past few years consicderable attention has been directed
to the hazards of infection to which microbiolo~ists are exposcd during

he course of routine worl in diarnnstic and resecrch laboratories., Stu-
dies corducted at Cemp NDetrick, M.ryland (9) showed that brcterial
aerosols are produced by some of the comnon laboratory operstions. Sieve
type air samplers, placed at appro.riatc distances around laboretory work-
ins areas were used to demonstrate bacterial aerosols produced by the
reroval of stoopers from dilution tottlss and removal of inocula fron vac-
cine bottles with a hypodermic syrince as well as various pipetting and
mixine procedures., A combination of hi~h speed photorraphy and tihe sieve
type air sampler was used to cemonstrate hocterial cerosols produced by
the hish speed blendor.,

Sulkin and Pike (10) indicated th-t infections in loboratory personnel

have occurred with much greater frequency in scientifically trained workers



than in animal caretakers and lessor trained laboratory assistants,
TITS MAZ!/ DS OF WORK IMN TURTCULCCIS

The incidence of laboratory acquired tuberculosis was second
among bacterial infections with 153 cases reported., Trained scientific
vorkers were involved in 136 coses. The reraining 17 cases involved stu-
dents, animal carota'ers, dishwashers, aond janitors,

Most of the tuberculosis infections, with the excention of
autopsy infections, were contracted from clinical specimens., Other sources
of infections included laboratory accidents, aerosols, and handling dis-

carded glassware wheraas some sources were not indicated and were considered

He

as uncetermined., The infections sre more often pulmonary than non-pulmon-
ary. Long (7) pointed out thnt since most infections appear to be the re-
sults of diagnostic procedures they cre perhaps to be explained on the
grounds that greater dancer exists when wor'zing with materials of un‘mownm
character than with thoce of ‘mown character.

Althourh the monetary loss involved in laboratory infcctions with
tuberculosis is not the moct important loss it cannot te overlooked,
Plunkett (7) estimatad that when one conciders not only the actual cost of
a case of tuberculosis, but also allicd expenditurcs, the total cost is
aporoxim-tely “10,000 per cace.

During the post few years, tulerculosis loborstories hove ~dopted
the procedure of culturins svecimens to rccover tu ercle bacilli, This
procedure has been showm to te superior to the simple acid-fast stained
filnm exnnination, Fowever, the adovtion of the culture procedure hos
introduced hazards to the worker which were not experienced in the exon-

ination of stained film prep-rotions., Failure to recornize these razards



may well be the reason for the high incidence of laboratory infections
with tuberculosis cited by Sulkin and Fike (10), Long (3), Fish and
Spendlove (2).

OiT POSSIFLM SOPCE OF YORKTR ITTCTINM

IN T TURTRCULOCIS DIAGITSTIC LATOTLTONY

A common opinion shered by worizers in the tuberculosis lahora-
tory is that a possitle souwrce of infection is in harndling contrminated
specimen containers, Although this opinion is rearely denied it is not
ermhasized to the extent that adequate precautionary measures arc usually

alten durine the processing of the specinens.

The spceimen bottles gererally used by health departrents for
the collection and subniscion of svhutum snecirens to the latoratory con-
sist of a slass bottle 65 rm. high with a diameter of 35 mn, fitted
with a cork or rurter lined netal screw cap. This bottle is of conwvenient
size,and,when enclosed in a doutle conteoiner majling outfit, conmplies ﬁlth
the reculetions of the United St-tes Postal Service.

Specimen collection outfits are usually furnished to physicians
by the health dep-rtment. The phycicicis then give the contairners to the
patient and instructs him to deposit the sputum in th: tottle and mail it

to the labtoratory. The patient often holds the bottle bafore hin as he

courts to produce the speciren. ferosols of infactious naterial may he
xpelled bty this ~ction., Tiny droplets may dry on the outer surfoce of
the bpttle. Furtl:ermore, a bottle is often contaminated dircctly by the
petient as he deposits the cpeciven hut, regardless of the manner in which
the hottle hecomes contaninated, tubercle bacilli dried in nucus rerain
able for lons periods of time. T!ece contaninated hottles becore a

hazard to those who come in direct contact with then in the laboratory.

Refore cultural tec ninsues ~ained widesprend acce~tance a5 the



more elfficient and exacting examination, sputun wes exanined by simply
spreading a small amount of the material on a glass slicde. The filn was
gtained b one of several nethods for acid-fast bacilli and examnined
microscopically, A specirien to e exanined hy this method could be
sterilized by steam uncder nrecsure before it was opened., De-contanination
of diarnostic specinens by stean under pressure is impossible when

cultural procedures are to he employed and, th's, a contaninated speci-

nen bottle becomes a hazard.

IMPQCTT OF TIIS STIDY

The followins stdy was undertaten to cdenonstrate the possible
occurrance of viable tuhcrels bacilli on the outside surfoce of speciren
bottles whic' are used to submit sputum specinens to tne laboratory for
tuberculosis exanination. |

Svecinen containers used for this study were those which were
furnished to rhysicians thirouchout the state of Indiana by the Stote
Board of Pzalth for the collection of sputum for tub-~rcuwlosis culture
examination, The collection bottle has been descrihed above,

Infectious organisms present on the outer surface of these bottles
may be kept viable by the dried mucus. The bottle thus hecomes a hﬁzafd
to the worker unless some measure is talen to decontaminate it in the
laboratory.

ZXPORITTITAL

Then contanination dors occur the numher of tubercle bacilli

present may he few., It wns tiherefore necescary to dcrise a method to

wesh the surface of the bottle with a small amount of liquid vhich would

be capable of renoving the mucus but would not he toxic to the tubercle



b.cilli, The washing solution must also be bactericidal for non-pathorsenic

orzanisms, present on the bottles., The effect of several washing solutions

on several tvpes of saprophytic mycobacteria for verious times of exposure

wns first studied.
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Test organisms used:

Mycotacterium phlei

't-cohcecterinm smermatis
L [y

Mreobacterium desiznated as white saprophyte

Mvcohacterium desisnated as radish bacillus

eshing solutione studieds
Physiological saline
Tri-sodium phosphate (Ha3P04-12 Hy0) 23 percent
Five percent solution of non-ionic detergent (Triton X-100) in 23 per-
cent tri-sodium phosphate
Two percent solution of non-ionic detergent (Triton X-100) in 23 per=-
cent tri-sodium phosphate
Five percent solution of non-ionic detergent (Sharples 218l) in 23 ver-
cent tri-sodium phosphate
Two percent solution of non-ionic detergzent (Sharples 2181) in 23 per-
cent tri-sodium phosphate
Four percent solution of sodium hycroxide (without neutralization)
Four percent solution of sodium hydroxide (with nertraliz-tion)

I PROCHDUTT™ FOO DT TING SWCUFTIRILITY OF :YCOR'.CTNIA
TO WALSHING SOL.UTITIS

Test organisms were transferred from orininal culture slants (Lowen-
stein-Jensen) to tu-es containing 10 ml. of liguid Dutos medium and
incubated at 37 C. for 72 hours,
The 72 hour cultures were placed in a mechianicnl shaker for 15 minutes

to disperse orgonisms evenly throuchout the liquid medium.,
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This procedure was reneated twice,

One-tenth ml, of the suspension of the third sub-culture of each test
organism was transferred to a tube containing 9.9 ml. of each of the
washing soiutions listed abtove,

Immedintely following mixinz of the organisms with the first scven
woshing solutions listed above, 0,1 nl., was transferred to two t-tes

of Lowenctein=Jensen's tuberculosis medium slants, This procecCure was
following with all solutions except the 4 percent sodium hydroxile (see
pace 6). This sodium hydroxide solution was neutrzlized with 2 N
hydrochloric acid with phenol red added as an indicator, One-tenth

ml., of the neutralized sodium hydroxide was then transferred to two
tubes each of Lowenstein-Jensen's medium.

One-tenth ml. of each washing solution containing the test orranisms
was withdrawn after exposure to each solution for 1, 2, 3, 4, 24, and
3 hours and placed in two tubes of Lowenstein-Jensen's medium,

The Lowenstein-Jensen slants were incubated and any colonial rrowth
obcerved on the slants was recorded as 4+, indicating vory heavy growth
with no evidence of inhibition, 3+ irdicating a detectable anount of

inhibhition, 2+ with 15-20 colonies, 1+ with 1-15 colonies and nezative

Physiological saline was used for a control., The rrowth obtained on

slants from inocula transferred from saline for the various exposure

times was used to compare the inhibiticn of the v-rious washing solu-
tions for the same exposure times.

The results arc reported in Tables 1, 2, and 3.



TATLIE I

A. Results

1, GPWUTH ON CTITIENS TRATTITINTD TITTDTATOLY POLICIING EXYROCUNTE TO

ST ING SOL.UTI I,

Thite

Tadish

Saprophyte Eacillus

Tagtiine Jolution M.phlei M.eme-matis
Soline (control) L+ L¥
TSP* - 237 (Na3P0,.12 Hp0) 4+ L+
TSP + Triton X-100 (5%) 3+ 3+
TSP + Triton ¥X-100 (27) 2+ 2+
TSP + Sharples 2171 (57) 1+ 2+
TSP + Sharples 2171 (27) 1+ -

4% NaOH (not neutralized) - -
4% NaOH (neutralized) LF L+

#TSP Tri-sodium phosrvhate

4L+
L+
L+
L+
3+
3+
L+
L+

L+ very heavy grouvth with no evidence of inhibition

3+ a detectable amount of inhinhition
2+ 15 to 20 colonies
1+ 1 to 15 colonies

- no growth

3+
3+
3+
1+

L+




TATIE 2

2. GRTH OI CULTIWES TRUTFOR™D ATT R 1 FOWR ZIIPOSURE TO W SUIIG

SOLITICN

“-zhint Eolution

M. phlei

sriosmntis

Thite

oalch

Saprophyte BRacillus

faline (Control) L+
TCP% - 237 (IIa3P04-12 F50) 3+
TSP + Triton X-100 (57) -
TSP + Triton ¥-100 (27) 1+
TSP + Sharples 2181 (57) 1+
TSP + Shorples 2171 (279) -
L5 1aOF (not neutralized) -
L% K201 (neutralized) L+

TSP* Tri-sodium phosphote

very heavy growth with no evidence of inhitition

a detectable anmount of inhibition

15 to 20 colonies
1l to 15 colonies

no growth

L+

L+

L+

Lt
bt
3+
3+
3+
3+

L+

L+
1+

1+

2+

L+



TAPLE 3

3. CPTTTM CN CUITU 7O TOAITTTLRDTD ATTTT 2 HOURS EXPOSURT TO USTIIG

SOLUTINN
White Radish
Unriin~ Solution M.phlei M.smermntis Zavroohyte Racillus
Calire (Control) L+ L+ L+ Lt
TSP¥ - 237 (Na3P0,+12 H50) 2+ 1+ 4+ 2+
TSP + Triton X-100 (5%) - - 2+ -
TSP + Triton X-100 (27) - 1+ 3+ -
TSP + Sharples 21¢1 (57%) - - 2+ -
TSP + Sharples 2181 (2% - - - -
4% NaOR (not neutralized) - - 3+ -
45 120 (neutralized) L+ L+ L¥ L+

¥ TSP Tri-sodium phosphate

4+ very heavy prowth with no evidonce of inhibition
3+ a detectahle amount of inhibition

2+ 15 to 20 colonies

1+ 1 to 15 colonies

- no rrowth



Althou~h trancferc wer= nade glso after 3,4,24, =2nd 47 hours
exposure to the wishine solutione erovth wac orserved only in the saline
control and in the neutrnlized 473 NaCH tubes, Therefore, 4% NaCH was
seledted zs the solution of choice ond wos neutralized immediatel: fol-
lowin~ the wochin~ of each specimen bottle,

IT PROCEDIPR FOR WASHING TIE OMITNR SURFICE OF UIIOPWITD FOTTIN
COITAIIIING P TISTS CPITWRY 18 T CHIVTD IN T8 LAPONTORY

The rlase sputun bottle w~s removed from the mailineg cnse and
ploced in a glass ointment jor. Ten ml. of 4% NaOH with phenol red in-
dicator was added to the ointment jfar, A metel screw cap was ploced on

he jar containing the sputum hottle and the 47 Ma0Y, This bottle was
then rotated manuslly so that the 47 Ialll wos allowed to wosh the entire
surfoce of the swecinen bottle to renove viable tubercle bacilli which
nizht te precent. The w-shing solution wne immedintely neutralized with
2 N ¥C1 and a portion of the neutralized w-shing was then placed on
slants of Lowenstein-Jensen tuberculosis mediun, The washed speciren
bottle with the diagnostic specimen wns then returned to the tuberculosis

lahoratory and the snhutum was cultured in the routine manner. Cultures

from these washings were observed weekly for six weeks for colonial growth

of tubercle bacilli,

A, Observations

The outer surface of 297 sputum specimen bottles was wcshed
in the marner described above, Sixty isolations of tutercle bacilli

were obtained from these 297 specirmens in the course of routine culture

11

exanination, The wshirgs from the outer surface of the 297 specimen bottles

yielded in 12 cultures of tulercle bacilli, Therefore, 20 percent of

those specimens found positive in the routine examination were showm to
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have viable tubercle bacilli on the outer surface of the bottle,

TiHT VIAPILITY OF TUIN'TRCLY PLCILII /FTOR ACID-F'CT STAINING
Several nodificati-ns of the original Ziehl-Neelson method for

e

stainine smear prev-rations of tukercle tncilli have appeared in the
literature (8). Although no claim is m~de for steriliz-tion of bacterial
cells stained ty these methods, some bacteriologists depend upon the
alcohol and phenol used in the staining so”ution to destroy the bacilli.
Tre heat emrloyed by the oripginal technicue is also relied uron to "lkilln
tubercle bacilli.

Middlebrook and his co-workers (5) have shown that M. tubercu -
losis has a tendency to prow in a corded or serventine configuraticn and
hen such suspensions, consisting of clumps of bacilli are stained, it

is possible that orpanisms in the center of these clumps are protected

from the bactericidal substances in the stainin~ solution.

-3

he prepar~tion of slides for microscoric evamnination of "raw"

¥

diacnostic specitens and of "live" cultures is comion practice in many
tubercilosis latoratories., S&lides with tle infectious material may be
2llowed to "air dry" before staining. The process of dryinz is sonetimes
h~etened by placing the unprotected slide over a hot plate and convection
currents produced by the hert mey result in the flalting of particles fron
the slide and the dissemination of infcctious naterial.

The ability of virulent tubercle bacilli to withstand two

different methodz of acid-fast staining was studied., The ori~inal acid-fast

w

tain procedure described by Ziehl-Neelson in 1882 (8) was compared with

-

mnodi

Eal
4

[o]

ic tion of the Kinyoun carbolfuchsin acid-fast stain reported by
Muller and Chermock (6).

Duplicate slides were prepared from 25 cultures of virulent tubercle
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bhacilli grown on Lowenstein-Jensen medium, The slides were placed in
covered Petri dishes and dried in an incubator at 37 C. for 24 hours., One
slide from each culture was placed on a staining rack and stained by the
Ziehl-Neelson technique,

Procedure

1. Each slide was flooded with a solution m:de of 10 ml. (10 per-
cent alcoholic solution) of basic fuchsin and 100 ml. of a
5 percent aqueous solution o7 phenol,

2. Slides were steamed gently over a flame for 5 minutes. (The
slides were not boiled), Steoin was added to the slides as it
evaporated,

3., The slides were then washed with water and decolorized with
3 percent I'C1l in acid alcohol until no color flowed from the
slides,

/4. The preparations were then counterstoined with a solutinn of
methylene blue,

The duplicate slides were stained by the modified procedure of Kinycun
as described by fuller and Chermock (6).

The carbolfuchsin for this stain was prepared as follows:

Basic fuchsin L gm,
Phenol g ml.
Alcohol (95 percent) 20 ml,
Distilled wzter 100 ml.

The basice fuchsin was dissolved in alcohol and added to the water
while shaking. The phenol w's nelted in a 56 C. water bath and & ml, was
added to the stain with a pipette.

Turgitol n-mber 7, a wetting agent, was added to the Kinyoun carhol-

fuchsin stain in the ratio of 1 drop to 30-40 ml, of stain.,



The slides were flooded with this solution for 5 minutes (the
orircinal instructions specify 1 minute), no heat w-s applied to the clides
in this series, The slides were then wached with water arnd decolorized with
3 percent FC1l in acid alcorol until no cclor f£lowed from the slides.
The prep~rations were then counterstained with a solntion of rmethylene
blue.

After the £ilm prenm rations we e stained each slide was placed in
an ointment jar to which had becen added 5 ml. of 4 percent NoOF with phenol
red added as an indicator. The jars w-re :laced in a wire bas'et and placed
on a Kahn shaker for 10 minutes to remrove as much of the stained film as
was poscsitle,

The NaOH from each jar wac titrated to the neutral point with 2 N
“Cl, A portion from each of the neutralized washings was placed on
tio tubes each of Lowenstein-Jensen's tuberculosis medium,

Cultures  inoculated from washings of the 25 slides stained by the
ori~inal Ziehl-lNeelson falled to produce colonics of turercle bacilli,
1ings from slides strirned with the modified techniques descrited by

Yuller and Cherrock produced 11 positive cultures.



No detrimental effect w s ohserved after the test organienms
had been in contact with physiolorsiczl saline for os long as forty-eicht
hours.,

Sliszht toxic eflects were noted from the use of Tri-sodiun phos-
rhate for one hour, & sh-rp increase in toxicity was noted at tiro hours.
No growth was oltai-ed in the subcultures after twenty-four and forty-
eirtt hour exposure periods. The toxicity of this solution is of particu-
lar interest since this chenicnl 1s cormonly used as an agent for de-
contamninatin~ and direstin~ sputum in many laboratories.

Corhinations of non-ionic detergents and tri-sodimm phosphate
rroved to be even more toxic than tri-sodium phosphate used alone.

Test organisms kept in four percent sodium hyZroxide for
arproximately ten minutes before neutrrsliz tion with 2 N hydrociloric
acid were not affected,

Twelve isolations of }{, iukerculocis obtained from the outer
surface of contaninated specinen bottles clearly sup.orts Long's (3) sug-
restions that grester dancers moy exist when worzing with materizls of
unltmovn character,

A change of procedure was introduced in the tuberculosis labora-
tory of the Indiara State Poard of Health as a result of tlie findings of
this study. All tuberculosis epecimens submitted to the laboratory for
diagnosis are assumcd to be contaminated and are transferred to cles~n sterile
bottles before they are procerced.

The recovery of viable tu“ercle bneilli from "cold" stained film
prevar-~tions indicate a possitle hazard not only to laboratory worlkers but
to wnsh room worers as well, Tiis hazard can be elininated comrletely
Y sterilizing all film preparations with steam under prescsure before

staining,
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