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Chapter 1
INTRODUCTION

Pulmonary infections may be caused by fungt with
svmptoms not unlike those of tuberculosis, Xeray piletures of
pulmonary mycosis and tuberculosis may be almost identiecal,
To definitely establish the mycotic nature of pulmonary
infection, 1t is necessary to 1solate and identify the
causative organisms, This study is an attempt to develop a
concentration method which is effective for the isolation of
both tubercle bacilll and pathogenic fungl.

The number of pathogenic fungus cells vrresent in a
¢linieal specimen may be very few, They may escape detection
unless concentrated and cultured on sultable media, The
varlious acid and alkali concentration methods for tubercle
bacilli ere usuzlly lethal for pathogenlc fungi, The enzymes,
pepsin and trypsin, will‘éigoat gputum and are not as lethal
te fungl as the chemicnl methods, Pepsinesitrie acid
solution at proper pH 1s an efficient digestant of sputum,
Pentune, after the method outlined by Palen (1956), is an

efficient concentrating agent,
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3.
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5.

STATEYENT OF PROBLEM

To study efficleney of various medis fer
recovery of fungl.

To review past work along this line,

To develop an effective digestant for sputum
which {8 not injurious to fung! or tuberole
baellll,

To test the efficiency for fungl of the
concentration methods developed for tubercle
baellll,

To pressnt comparative data obtalned with
two methods for the isolation of fungl frem

sputum,




Chapter II
LITERATUSE REVIEW
Digestion and Concentration

Gricrith (191k) used 10% sodium hypochlorite which
he added in equal proportion to the sputum specimen, He
ineubated at room temperaturs for 20 minutesj then centrifuged,
decanted, resuspended and recentrifuged the sediment,

- Petroff (1919) introduced the use of sodium hydroxide
a8 digestant, Be used 3% concentration inm 1:1 ratio with
sputum, Lurie (1923) used 3% hydrochloric seid and 6% sulfurie
acld, In (1929) éorpar found 6% oxelic aeid more efficient
than 6% sulfuric aeid, OCorper (1946) discarded acid digestants
in faver of 10% trisodium phosphate, He found that a greater
proportion of tubercle brellll survived this method than any
method he had used previously.

Hosaye and Sceda (1951) digested specimens with
detergents, Oxvaa'(dimnﬁhyluxauryluhenzyloaxyathyluammonium
chloride) and Laboran {(cetyl-disthyl-methyl-ammonium
methosulphate) were used in 0,5% solution up to 2 hours,

Good recoveries were obtained with Mycobaterium tuberculosis,

AJello {1951) studied the effect of various digestion
methods on the recovery of fungl from sputum, The following
digestion methods were used: 4% sodium hydroxide, 5% sulfurie
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acid, and 10% trisodium phosphate, The pooled sputa were

first homogenigzed, and then centrifuged to remove any veast

or yeast-like organisms which might be prezent, The prepared
sputum ssmples were then seeded with Blastomyces dermatitidis,
Candids albloans, Gocoldioides immitis, Cryptococcus neoformens,
Geotrichum candidum, Histoplasma capsulatum and Hocardia
asteroides,.

With four of the fungl, B. dermatitidis, C., immitis,
G, ssndidwn end B, gapsulstum only 25% recovery was obtained,
All methods affected these fungl adversely, N. asteroides
was resovered in all cases where tridodium phosphate and 4%
sodium hydroxide were used as digestants but not with the
acld digestant, £, albleans was recovered in each instance
only with sulfurie acld and trisodium phosphate, £,
neoformens survived the L% sodium hydroxide eoncentration
method but survived very poorly with the others,

Marwin (1959) ;*;’mmd four surface-active agents
wilch increased the growth of the fellowing pathogeniec fungl:
Blestomyces dermatitidis, Candlde albloans, Cryptococous
neoformans, Epidermophyton floccosum, Histoplasma gapgulatum
Mierosporum Audoinit, Sporgtrichum Schenckl, ZIrlchophyton
mentagrophytes, and Irichophyton rubrum, These agents wers
Nonisol 100 (polyethylene glyecol of laurie ecid), Folyethylene
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glycol 437 monolaurate (monoester of polyethlylene glycol L00),
Mulsor (long chain fatty ester wvith ether linksge) and
Pluronie 16l (econdensate of ethylene oxide wlth a hydrophobic

base),




Enzyme Digestlon

MeNamara (193%) added 0,3% pepsin and 0,6%
hydrochlorie acid to sputum end incubated for 12 hours, He
neutralized with ¥/1 sodium hydroxide and sentrifuged for
on# hour,

Sullivan and Bears (1939) digested %0 ml of sputum
with 0,5 gram of pspain at room temperature for 10 to 15
minutes, The digest was centrifuged and the sediment trested
with 4% sodium hydroxide before cultivation,

Haynes (1542) prepared s digestant of 0,5% trypsin
snd 0,7 ml of H/1 scdivm hydroxide with p¥ of 8,5, This
mixture was Piltered and used 1tl with sputum, The sputum
somple and digestant were incubated at 37°C for 30 minutes,
It wae then centrifuged st 3,000 r,p.m. for five minutes,

The sediment was further trented with 5% oxalle asid for
guinea pipg inoculatlion,

Vincent and Bipge (1947) demonstrated survival for
S days of tubercle bacilll in gostric contents at neutrsl pH,
This study showed that ralsing the low pH caused by the
hydrochloric acid in gastrie contents permitted bect recovery,
They noted that contaminants were inhibited at pH 6 which did
not effect tubercle bacilli,

Rawlins (1953) used trypsin, chymotrypsin, ribonuce

lesse, desoxyribonuclesse nond amylase each in 1% concentration




7
at pH 7.6. Each enzyme-sputum mixture was ihmbgtaé at 37°C
until liquifaction of the sputum was complete, Tl;ia procsdure
enhanced recovery of varlous respiratory pathogens,

Falen (1956) used 0,5% pepsin combined with 2%
citrie acid in a 1:1 rutio with sputum,

Stinson and Feahlberg (1957) used 1% trypsin with
equal muounts of gsputum and homogenlzed by manual shsking,
These sﬁoeimons were incubzted at 37°C for one hour, This
method was used to concentrate tuberele baeilli and fungl.
The test organisms were; N, astercides, C., alblcans, C.
neoformans, M. tubereulosis, H. gspsulatum (yenst phase) and
B, dermatitldis (yesst phase)., These pathogens were recovered
along with normel bacterisl flora, Zephiran chloride, Gl

and Cespryn chloride used to control bacterial growth were

equally inhibitory to fungl,
Gianforte, Brown snd Burkhart (1959) used

proteolytic enzymes to liberste pathogenic organisms from
tipsue specimens, Enzymes X-108 (isoluted from fermentation
beer of Condiobolus brefeldismus) was compared with trypsin,
The trypsin method was less effliclent In the liberzation of
pathogens thian enzyme X-108,




Concentration Method

Reed snd Rice (1931f‘atﬁdiaé the layering of
tubercle baellll in the interlace betwesn water and
hydrocarbons., Smith (1951) evaluated the efficlency of
hydroearbon flotation methods, Palen (1956) used pentane %o
inactivate extraneocus bacterla, This hydrocarbon also

conesntrated tuberels bacilli in the interface,




Media Modifiscation

Campbell (1947) studied conditlions necesrary to
revert H, gapsulstum from myselisl to yesst phase, He used
infusion agar plus 8% rabbit or ~orse blocd, The pH of the
media was 7.6 to 7.8. He lncubated his cultures at 37°C,

Levine snd Ordal (1949) sxperimented with factors
influencing the morphology of B, dermatitidis. They found
temperature to be a eritical factor, Yeast phase was
maintained at 359C but {t reverted to myeellal phase at 31°C,
Both phases grew well at pH 5.5 to 8,5,

Levine and Novak (1950) studied the effect of
various agents on the growth of B, dermatitidis, They found
that both glucose and sodium azide stimulated grawth.

Levine snd Novsk (1950) determined the effect of pH
on the respiration of B, dermatitidis. They found the
optimum for sndogencus respiration and glucose oxidation o
be Between pH 6 and 8,

Canizares and Shatin (1951) used 2,3,5 triphenyl-
totrazolium chloride to determine enzymatic activity in
dermrtophytes, In some cases addition of the salt to the
media aided in identification snd differentistlion of the
teat strains,

Georg, Ajello snd Papageorge (1954) used Sabouraud
agar containing Cyeloheximide, Penicillin and Streptomyein to
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inhibit saprophytes and permit growth of rathopenic fungl,
Cs ne ans, Asp, fumlgatus and A, boydll are sensitive to
cycloheximide. X, asteroldes strains may be sensitive to
Penicillin or Streptomycin.

Pine (1955) noted that the agar samples tested
contained fatty aclds which inhibited zsrowth of H,
gapsuletum, The stimulating effeoct of whole blood adied to
agar was dus to the nresence of sulfhydryl  groups and
albumin,

Shapiro, Mullins and Finkerten (1955) compared
Littman's oxgall ager end Szboursud dextrose ager with
ecycloheximide sdded, They found the combinations of medie
efficlent in tha inhibition of contaminating bscteria,
allowing good growth of fungl,

Pine and Pencock (1958) found the mycelial phase
of H, gapsulatum to be inhibited in the presence of 1% citrie
acid at 30 and 37°C, However, the yeast phase was |

stimulated under these circumstances,
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Chapter 11l

PRELIMINARY INVESTIGATION

The literature review emphasized the toxicity to
fuangl of the ususl concentrztion procedures, This toxieclty
is meinly due to tho use of strong aclds or alkalles, Sputum
was the specimen of cholce in 211 preliminary experiments,
It 18 the most common elinical specimen submitted for isolation
of tubercle baesilli and systemie fungl, Sputum slso presents
the same problems which may bé inherent in processing other

specimens, and special problems which may net be found in

other materials,
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Congentration Methods

Materials: Pepsin (Difee 1110,000) 0,.5% in 2% citrie seid

(S8eitz riltered) pH 2,3, 3% sodium hydroxide solue
tion, N/2 hydrochloris seid, H/1 potassium hydroxide,
0.,04% brom thymol blue, A4 large quantity of T,.B,
positive sputum was obtained through the sooperation
of Miss ludmilla Kay, Hektoen Institute, Chicago,
The sputa were pooled and refrigerated until
sufficlent quantity was on hand., The volume of
pooled sputum necessary to complete an experiment
was removed {rom the refrigerator, It was then
homogenized by sheking in a paint shaker for 10
mimites, The surernatant was ussed in the con~
centration teats, Centrifugation removed the

fungl which might have complicated the gtudy,

Blesstomyces

The fungi used werel
dormetitidis -- strain }5-.1442-58, Cendida slbicang
strain a-71, Cryptogcccus neoformans - strain
A«309, Geotrichum gandidum -= strain L5-6497-57,
Histoplasms gepsulatum -- strain 105, Nocardia

asteroldes ~- strein 347«57, These strains wers
supnlied through the courtssy of Dr, Libero Ajlello,

Communicable Disease Center, Chamblee, Georgla.




13
The fungl were adved to LU ml samples of sputum
prior to treatment, in the condition and volume
ended by Ajeilo (19%51),
received in the yemst phase, They were transferred
to Hutrlent Agar (Difco) with 6% sheep blood added
and inoubsted at 37°C for 5 deys., G, plbicans, C,
necformans and @. gandidum were growm at 37°C for
four doya on Saboursud dextrose ager, XN,

A

astorcldes was crown on Sabouraud dextrose ager at
259C for 30 daye, The growth was scraped off,
ground and suspended in physiclogicsl saline,




Table 1

\
COMPOBITION OF SEEDLD 5°UTa

Stock Gaantity of 3toek Pinal
Fungus Concentration added per O ml1 Coneentration
of sputum of Pungus v/v

B, dermatitidis 4% 7,0 ml 0,7%
yeast phase ’
C. albicans k4 1,0 m1 0,075%
yeast phase
C. neoformans L# 10,0 m 1,08
@, candidum 0,01% 1,0 md 0.0025%
yeast phase
H, capsulatum 4 10,0 ml 1,0%
yeast phaae
N, asteroides 5% 2,5 ml 0.31%

ground mycelium
The percentapge of stock concentration was determined

in a Hopkins centrifuge tube, This type of inocula and

gquantities were used to seed sputa throughout the remaining
experimentation,

Methods: The 40 ml of seeded sputum was divided equally and
pleced in esch of two 50 ml sorew capped centrifuge
tubes, An ecual volume of 3% KaOH wes adied to one
tube., An ecual velume of 0.5% pepsin in 2% eitrie
seld wes added to the other, Both tubes were shaken
vigorously by hand and incubated for 30 minutes in
a water bath at 3IT°C, After digestion the NaOH




18
sample was centrifuged at 2,000 r,p.u, for 15
minutes, The supernatant was poured off and 3
drops of 0,04% BTB sdded to the sediment, This
sediment was neutralized with N,/2 HC1 added drop
by drop, produeing 1 to 2 ml of neutral suspension,
Three drops of brom thymol blue (BTB) were also
adied to the pepsin digestant which was neutrslized
by adding K/1 KOH drop by drop, A one inch layer of

pentane was added to the neutral suspension, The
sorew ¢ap was replaced, tightened and the tube zhaken,

This tube was plased at an angle at room temperature
for 15 minutes. The interface was drawn off by
reaching through the pentane with a dis-po-pette
(Seientific Produsts Co,) and 1 to 2 ml placed in a
sterils test tube, One tenth ml of each of the HalH
and the vepsin-pentane concentrates were added to
four serew capped slsnt tubes of each of the three
media used, A similar set of tubes for control was
inoculsted with the seesded sputum before concen-
tration, All tubsa were incubated at 37°C with
¢aps ajar, When the slante were dry, the caps were
tightened, All tubes were observed after 7, 1, 21

and 28 dﬂya .
The three media used in culturing the
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various concentrates were:

a, Lowenstein - Jensen medium (Difeo)

b, Petragnani medium (Difeo)

e, Ssboursud dextrore agsr (BBL)

a and b are the medis cormonly used for
isolation of tubercle baclili, ¢ 1s used for
isolation of fungi, Tubercle baeilli were cultured
on a and b from each experiment attesting to the

effectiveness of the concentration techni~ues

employed,

Experiment 1 Temperature Effect

Materials:

Methods ¢

Resulta:

Seeded spute, incubators set at 20, 25, 30 and
3r%c.
One tenth ml of concentrate from esch method was
inoculated on each of L Sabouraud dextrose agar
alants, A set of L4 tubes plus controls were
incubated at 20, 25, 30 and 37% respeetively,
Observations were made at 7, 1L, 21 and 23 days,

Teble 2
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Table 2
EFFECT ¢P INCUBATION TEMFERATURES ON THE RECOVERY
OF PUNGY PROM. CONCENTHATES OH SQBOERAUD AGAR
Fungi o Incubation Temperstures

20% 25°¢C 30°¢ . 37°¢

C, albicans PP WL L4 W Wk
KaOHze¢  0/4 O/zg,y o/l 0/h

¢, neoformans  P-P# b/ L/h h/k Wh
NeOHsu L/l 44 /4 o/l

@, candidum P-P# W/ Wi W/ b/h
FaOHes /I L7/ TR b/h

N, asteroldes  P-P# o/ L/ W o/
o FeoHes 4/ W4 ik ofh
B, dermatitidls P-Pe o/l o/ o/l o/h
NaOHe= O/} O/l o/l o/h

H, Capsulatum  PaP# o/h  O/h o/k o/k
NaOHws 0/l o/L o/ o/

CONTROLS | 2y 2, ay/al,  2u/2y 2&/ 2l

Pu?®# «= symbol for pepsin.pentane concentration method,

NaOHik-~ symbol for sodium hydroxide concentration method,

DMscussion: The table shows the proportion of positive tubes
after 20 days incubution. B, dermetitidis und H,
sapsulatam failed to survive the concentration
methods, €. albicons did not survive the NalH
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treatment, With the pepsin-pentene (F-P) method,
grovth was obtalned at ~11 ineubstion temperatures,
. neoformans did not grow at 30 and 37°C efter NaOH
soneentration, UOrowth was obtained at all tempers-
tures after P-P concentration, N, astercides grew
well after P-P concentration up through 309G, It
grew well up through 25°C after NaOH concentrationm,
Tols strain grew best at 25°C but would grow at 30°C
after P«P goncentration, This shows some NaOH

toxieity since no growth was obtained at 30°C,

Experiment 2 Effect of pH

Materials:

Methods:

Seeded smputs, Sabouraud dextrose agar slants ab
pH 5,6,7 and 8, incubators set at 25 and 37°C,
The media were bufiered with phosphetes, Beeclman
model & pE meter was used to checi the pH of the
media, Brom erescl purple (BCP) indlicator was added
to media of pH.S and &, BIB indicator was added to
media of pH 7 end 8, OUne tenth ml of concentrate
from each method was inoculated on emch of 4
Sgbouraud dextrose agar slents adjusted to proper
yﬁ‘ One tenth ml of stook fungus specimen, before

gsoncentration, wes added to ench of L tubes of

 8sbhouraud dextrose agar slants adjusted to proper

pH as control, These cultures and contrcls were
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inoubated at 37°C excert M, astercides which was
incubated st 25°0C, Readings were mode after 26 days,

Results:
EFFECTS OF pH OF MEDIA OR HREQUVERY CPF SPECIFIC FUNGL

N.

Fungl

albicsasns

neofornans

candidunm

asteroides

dermatitidis

eapsulatum

Method

P-P
RaOH
Control
PP
NaOH
Control
P.P
RaOH
Control
PapP
Hs0H
contrsi
P.F
NaOH
Control
PP
NaOH
Control

Table 3

Incubation pH of media
temperature S 6 7

31°% Wl WL Wk bk
o/k 0/ of/4 o/h
bk b/h W4 b/
371°¢C W b b b/
o/h o/ o/h o/
W W4 Wb b
379¢ o/ b/h WL 3/
o/h o/ o/ O/h
W4 b/ bl o1/
259¢ Wh W4 Wh W
Wh W4 bbb b/
VAT 'V N W/ N
37% o/ O/ O/h o/h
o/, o/h o/h o/L
Wh o /b bk b/
37°%¢ o/ o/l o/ o/
O/h o/l ofy ofy
o/h W4 /b o/
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Discussion: Varying the pH of the medium had some effect

on recovery of the test organisms, G. candidum
d41d not grow well in the control medium at pH 8,
H, gapsulatum did not grow at pH 5 and 8 on the
control medium, B, dermatitidis and H, capsulatum
did not survive the concentration methoda, ¢,
albicsns and 3, gandidum did not survive the NalH
concentration technigque, 7These data show that
Sabouraud dextrosse agaer at pH 6 to 7 was satisfactory
for growth of the test fungi. It also shows that
pH 8 and pH 8 were harmful to some test orgenisms,

Hareafter Ssboursud dextrose agar will
be used at the manufacturers pH of 5.6,

The following experiments wers desipgned
to determine the resson for the fallure of B,
dermatitidis and H, capeulatum to survive the
pepsinepentane eoneentration methed,

Experiment 3 B, dermatitidis and K, scapsulatum exposed to

pentane

Materiala: Seeded sputa, pentane (Ooleman & Bell),

Methods!

Saboursud dextrose agar plus indicator,
The prover concentration (Table 1) (P, 1) of the
test organisms wes dlluted 111 with 0,85% NaCl, A

one inch layer of pentsne was added to each tube,
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The tubes were shaken at 5 minute intervels during
the 30 minutes of Ilncubation at room tenperature,
aprroximately 25%, |

Results: Table 4
GROWTH OF PUHGL AFILH PLWTAHE IREATHENT

Fungt Resording psriods in days

7 1Y 21 28
B. dermatitidis M W Wk W
H, capsulatum o/h o/L 2/h 2/h
Control 2/2 2/2 2/2 2/2

Discussiont: The pentane nas some toxic effect, This is
espesially noted with H, capsulatus, Recovery of
50% or less may be exrected if the exposure time
is 30 minutes., Howaver, in actual practice, the
exposure time should be eloser to 15 minutes,
Tuis may increase the percentage of recovery,

Experiment 4§ ZTwo Pungl Exposed to Citrle Acld

Materislst Seeded sputa, 2% citric aecld solution

Methods: Tubes of sesded sputa each containing B,
dermatitidlg end H, gapsulatum were mixed with
squal volumes of 2% pitric aeld, Ti2 mixtures
were ineubzted at 37°C for 30 minutes in a water

bath, The tubes were shaken frequently during
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this period, After incubstlon the mixtures were
ecentrifuged for 15 minutes at 2,000 r,p.m, The
supernatant was poured off, indlecator asdded and
the sediment neutralised with N/1 KOH, One
tenth m) of each sediment was inoculated on each
of li tubeas of Sabouraud dexirose agar slanta,‘

These tubes were incubated at 37°C ror 28 days.

Results: Pable S
EFFECT OF QITRIC ACID OMN GROWITH OF PUNGI
Fuagi Recording reriods in dayse
7 i 21 28
B, dermatitidis o/h o/l o/k o/4
H, capsulstum /k 2/, 2/4 2/l
Controls 8/8 8/8 8/8 8/8

Discussiont The exposure to 2% citrie ancld for 30 minutes
had & toxic effest on the test fungl, Shortening
the exposure time and rajsing the pE may prevent
this result,

Experiment 5 Bagyms Toxioity Test

Materiels: 0,5% trypsin, seoded sputa

Methods: Equal volumes of 0,5% trypsin (Difco 131250) at
pH 7.2 and seeded sputa were mixed in screw oap
50 ml sentrifuge tubes, The specimens were snsken
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frequently during the 30 minute digestion period
in the water bath at 37°C, The digested specimens
were centrifuged 15 minutes at 2,000 ».,p.m, and
the supeshintant poured off, The sediment was
resuspended in 2 ml of 0,85% ssline solution, One
tenth ml of each sediment wss pipetted onto each
of L Sadboursaud dextrose ager slante and inocubated
at 37°C for 28 days, OControls were inooulated
before digestion with trypsin,

Results: Table 6
EFPFECT OF TRYPSIN DIGESTION ON GROWTH OF FUNGI
Pungl Recording periods in days
7 il 21 28
B, dermatitidis LW/ L/ W/l L/l
H, capsulatum /b b/h Wk W/
Controls 8/8 8/8 8/8 8/8
Disecussion: Ho toxlcity was observed due to trypsin
digestion,
Experiment 6 Results with Various Medlg
Materials: Trypsin 0,5%, sputa seeded with B, dermstitidis
and H, gapsulatum, tubes of Jaboursud dextrose
agar oontaining 0,01%, 0,05%, 0,5% ond 1,0% Tween
80, 0,01%, CaCl, and Saboursud dextrose sgar slants,




Methodst

Resultsi

2l
Each sputum was diluted 1:l with 0,5% trypsin and
incubated in a water bath at 37°C for 30 minutes,
Controls were inoculated directly from the seesded
sputa, After inecubation the tubes were centrifuged
at 2,000 r,p.u, for 15 minutes, The supernatant
was poured off and the sediment suspended in 2 ml
of 0,85% NaCl., One tenth ml of ench sediment was
added to emch of L tubes of the various media, Slants
were incubated at 37°C and vead at 7 day intervals
for 28 days,
Table 7
GROWTH OF B, DESMATITIDIS ON VARIOUS MEDIA

Medla Recording periocds in days
7 lﬁ 21 28

Pween 0,01% i/l Wh W4 WL
Tween 0,05% VAT VI VT Y4
Tween 0,58 W& ¥4 Yh W
Tween 1,0% /4 Wh WL b/h
CaCl, 0,01% Who o Who W4 W/
Controls Wh Wi WL W

Discussiont The modified media did not measurably change

the reccvery of this test organism, The addition
of 1% Tween 30 seemed to retard initial growth,
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Results: Table 8
GROWTH CP H, CAPSULATUM ON VARIOUS MEDIA
Media Recording periods in daye
7 1k 2 28
Tween 0,01% 74 S 74 N Y b/l
Tween 0,05% ¥ Wk B/ L/

Tween 0,5% Wy o B4 W'h 4W/h
Tween 1,0% o h o b/h L/h
CaGl, 0,01% VO 74 T VO 71
Controls Wh W4 W L/

Discussiont The supplemented media, Tween 0,05 and 0,5%
produced the best growth, These results however
did not encourage further work slong this line,

Experiment 7 Z2rypsin - Pentane Concentration

Materials: Seeded sputa, trypsin, pH indiecator, Seboureud
dextrose agar, Lowenstein-Jensen and Petragnani
madia,

Methods: Trypsin solution, 0,5%, was sdded to the seeded
sputs in a 11) ratio, The tubes were incubated
in e water bath at 37°C for 30 minutes with
frequent shaking, After digestion, a one inch
layer of pentane was added to each tube, The caps

were tightened, the tubes were shaken and placed
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at an angles at room temperature for 15 mimutes,
One tenth ml of the interface was added to each
of i tubes of Ssboursud dextrose agar slants, All
tubes end controls were incubated at 37°C,
Observations wers made at 7, 14, 21 and 28 days,

Results: Table 9
EFPEOT OF TRYPSIN DIGESTION AND FANTANE PLOTATION

Pngd Recording periods in days

| 7 W a 28
B, dermatitidis u/h Wh o b/ W/
H, capsulatum /b b b/ /4
Controls 3/3 ¥3 33 /3

Discussiont The four tubes of Lowenstein-Jsnsen and four
tubes of Petragnani medium were completely
digested in every case, The digestion occurred
in spite of two washings of the inoeula prior to
inocculation of .the media, The Ssboursud dxtrose
sgay was not affected by the enzyme. This work
wes performed to detect any toxic effect of
combining enzyme and pentane, The table shows no
evidence of toxicity from the trypelinspentane
combination.




Experiment 8
Materisls:

27 B

Recovery with Digestant at a Higher pH
Seeded sputa, sultable volumes of 2% citrie aclde

0.5% pepsin digestant adjusted to p¥ 3, 3%, L, L#,

end 5,
Methods?
phosphates.,
Beckman pH meter,

The various digestion sclutions were buffersd with
The pHs were measured with the model &

Specimens of segded sruta and the

various digestants were mlxed 1l:l and Incubated at

37°C for 30 minutes,

The digested specimensa were

neutralized and shaien with pentane,

A one tenth

ml sanple of the interface from each digestion tube

was inoculated onto groups of L. tubes of Sabouraud

dextrose agar,
observed at 7, 14, 21 and 20 days,.

The cultures and contrcls wers

The sputum

specimens were satisfactorily digested at «ll pH
values,
Results: Tabls 10
RESULTS GF DIGESTION AT VARIOUS pH VALUES
Fangl ph Values
3 % 4 i S
B, dermatitidis L4/l W/4 W/h 34 3/4
H, capsulatum Wh W4 WL 34 Wi
Controls 8/8 8/8 B/8 8/8 878
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Discussion: The results indicate that up to and including

pH L4 good recovery of the tested tungi was obtained,
The seeded sputa were completely dlgestsd in 30
minutes up through pH L, Specimens at pH L and §
needed up %o 60 minutes for compsarabvle digestion,

Exveriment 9 Pepsin Digestant Buffered With Sodium Citrate
Materials: Seeded sputa, 2% citric acidepersin digestant

Methods:

buffered to pH 3, 3% and 4 with sodius citrate,

The 2% eitric acid-pepsin digestant had pH of 2,3,
Varying amounts of sodium eitrate were added to
obtain pH values of 3, 3% and 4, pH determinations
wore made with & Beckmen model ¢ pH meter, Sputum
uptqim&ns were seeded with the test fungl and
divided into nine equal portions, These sputa were
mixed in a retio of 13l with the various dlgestants,
The tubes were incubsted in & water bath at 379C

- for 30 minutes with tro@uann sheking, After

digestion the ssmples were adjusted to pH 7 and
shaken with a cme inch layer of pentans, The caps
were loosened and the interface allowed to form,
One tenth ml of interface naterial was placed on
each of 4 Sabouraud dextrose agar slants, All
eultures and controls were inocubated at 37% gop

28 days,




Results:

Table 11
EFFEQT OF CITRIC ACIDWPEPSIN BUFFERED wWITH
SCDIUM CITRATE

Pungi Digestant pH valueas
3 3% b
B, dermetitidis /L /L b/k
H, ocepsulatun Wk Wy /'y
N, asteroides /4 L/h /4
gontrols 12/12 1212 12/12

Discussiont Railsing the pH of the digsatant inereases the

pereentage of nositive cultures, The highest pH
digestant which gave consistantly high cultural
growth was selected, This pH value 1s L. Two
grams of sodiux ¢ltrate (Mallinekrodt) buffered

2 grams of citric acid digestant to pE L, This
factor also favored selection of this pH digestant
due to the simplicity of compesition, This
reasult sppears to surmcount the diffisculty in

recovering B, dermatitidis and H, gapaulsfum.

Bxperiment 10 Clinlesl Somprrison Between Pepsin-pentane

and 3% BaOH Concentration Motheds

Matericls: Pepsin-pentane reagsnts (Palen 1956), 3% HaOR

solution, Bram Thymol Blue indicstor, ¥/2 ECl,
Clinicel spesimens es submitted for T,B, and or
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fungus exomination,

Methods: All specimens of 20 ml or more requiring digestion

were divided squally. One portion was digested
with pepsin-citric seid solution at pH 2,3 and the
other with sodiwm hydroxide, The digestion
vrocedures paralleled each other am to time and
temperature, Incubation end chservation were the
some in all cases. OUne tenth ml portions of cone
sentrate from sach method wera placed on lLowensteine

~ Jenmon, Patragnenl and Saboursud dextrose medlas, 411
tubes were incubated at 317°C and obperved for 28 days.

Resultasy Table 12

RECOVERY OF FUNGI AND TUBEHRCLE BACILLI FROM SPUTUM

BY PP AND HwOH DIGESTION MLTHODS

Method Ho, of tubes Ho, of spec, Fungt
1noﬂu1atbd‘ subrd tted 4 pauibi}b
P-P ks 150 72 §8s0

Both methods ylelded 1,33% positive cultures for
tubercle baoilll,

Discusaion! One hundred and Fif'ty specimens were sulteble

for proesssing as deacribed shove, The pernsine
pontane method ylelded almosit twice oz great a
pereentags of fungl as the sodiuws hydroxide method,
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Table 13
DATA FRO¥ OCLINICAL STUDY
Spess  Type Lowenstein- petragnant  Seboursud
. L | ) Vegtrose
F 5y T3 J}‘\m "v}s J: _h-t )
- - - - L
s . - L -
- - " - 'Y
- - - L J -
- - - - -
- - - - -»
10 Hommodendrum sp - - - - - *
11 S - L L - -
12 Pullulewia pullulans - - - - - *
13 - - - - - -
lh - - L L o~ -
15 Hormodendrmuu sp - - - - - *
16 Hormodendrma sp - - - - v -
17 Hormodendm™mam sp - - - - - v

Gy albiogans - - - - - -
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DATA FROM CLINICAL STUDY

Spec,
No,
18 C. aldicans - - - - + -
19 - - - - - -
20 Hormodendrum - - - - - -
Fonieillium - - - - - +
21 QOospora - - - - + -
Macor , - - - - =4
22  Hormodendrum - - - - -
23 Hormodendrum * - - - .+
24 Asp, glaucus - - - - - +
25  Alternarie - - - % - -
Hormodendrum - - - - - +
26 C, albieans » - - - + -
Hormodendrum - - - - - +
27 Cendida sp - - - - - + .
Hormodendmus + - - - - 4
28 - - - - - -
29 AFB seen on direct P-P smear « -
only, Cultures neg, for AFB
30 C. albicans - - - - * -
n Rhodotorula - - - - * -
C, albicans - - - - - -




DATA FROM GLIRICAL 3TUDY

B R
32 Bhodotorulsa - - - + -
s 8blo RS L = .-
33  Rhodotorula - - - - ¢

Kaucor - - - . -
Asg, fumigatus - - - - +
Pugarium - - - - 4
3 Fullulariz pullulans - + - - -
1N us Niger - - - - *
35  C, albicans - = - - s
Asp, niger - - - - +
36 C, albicans - - - - -
37 Chromogens (acld fast)e - - - -
38 - - - - -
39 Chromogens (aoid fast)e - * - -

10 Chromogens (acld fast)e + * - -
hi Candida sp - - - - *
h2 Asp, fumigatus - * - - -
L3 - - - - -
hh Hormodendrum * - - 4 -
s Pubercle bacilll + - - - -
hé €, alblcans - - - - +




DATA PROM CLINICAL B8TUDY

B Ri mme eee oo
g Gandids sp
L8 Candidn sp
| Hormodendrunm
49  Penieclillium
Hormodendrum
50 Hormodendrum
§1  Hormodendrum
52 - - - - - -
83 - - - - - -
5 - - - - - .-
55  C. albicans - - - - - @
56 C, albicans - - ¢ - - -
Hormodendrum - - - - + -»
57 - - - - - -
58 - . - - - -
59 - - - - - -
60 - .- - - - -
61 - - - - - -
62 - - . = - .
63 ©C, slbicans T « - « -
6l - - - - - -




DATA PACH CLINICLL STUDY

65 - = - - -
66 - - i ..
&7 - - - - -
68 - - - - -
69 - - - - .
70 - - - - -
71 Candlda sp * - - - +
72 Cendida sp - - - - *
73 Asz, fumigatus - - - - N
Th Candide ap - - + - +
75 - - . ..
76 - - - - -
77 - - - - .
3 - . . ..
79 Candida sp - - v - "
80 - - - - -
81  C, albicans - - ’ - .
82 ¢, albicans - - + . .
83 - - - - .
8l . . ) o
8s - - - ..
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DATA FROM CLINICAL STUDY 3

8vpes, Tyre lovensteine
Y] ’ﬁ o

Petragnanl  Saboursud
Ho, - Fuangus ) Dextrogs

o, o

86  Candids sp - - - - - o+
87 - - - - - -
88 - - - - - -
89 Candida sp » - * - - “
90 Candida sp + - - - + *
91 Candlda sp - - - - - -
92  Seopulariopsis - - - - -
93 - - - - - -
94 Helminthosporium - - - - - ;
95 | - - - . . -
96 - - - - - -
97 €, albicans - - - - - *
98 €, alblcans - - * - - -
99 - - - - - -
100 ' - - - - -
101 G, albleans - - - - -
102  C, albieans - - - - - e
103 - - - - - -
1oL - - - - - -
195 - - - - - -
106 Candida &r - - - - + ,

m? 0 [ 3 &lbi ﬁm‘ *‘ - - ”- - -




DATA FROM CLINICAL SIUDY

Spec, giga
No * ;

108 C. albicans - - - - - -

109 - - - - - -
110 G, albicans - - - - - -
111 - - - - - -
112 C. albissans - - - - - -
113 - - - - - -
11y - - - - - -
1185  C, alblcans .- - - - -+
116 C. albicans - - - - * -
117 C. albicans - - - - - ™
118 C, alblcens - - - - - -
119 | - - - - - -
120 - - - - - -
121 Candida ap . - - - - - +
122 Tubercle baeilll - - + - - -
123 G, albloans - - - - - *
12 - - - - - -
128 NaOHl and P-P direct smears were Positive - -
for AFB, All culturss were negatlve

126 - - - - - -
127 - - - - - -
128 - -




3pea,
¥o.

DATA FROM CLINICAL STUDY

129
130
131
132
133
3L
135

136
137
136
139
140
1,1
W
143

L5
146
L7

Type
Pungus
- -
- -
C. albleans - -
Cultures positive - +*
for AFB,
C. albleanas - -
C. slblcans - -
C. albicans - - -
Asp, fumigatus * - -
Asp, fumigatus - - -
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DATA FROM CLINICAL sTuY

Spec, Type Lowenstelne Patragnani &abauraud
No, Pangus J&Q?enm .
49 - - - - - =
150 C, albioans - - - - - o
Total fungi 10 2 7 3 20 67
Total tuberole haeilll 1 1l 1 1 - -
Potel AP, chromogens 1 1 2 2 - -
Organisms isolated Pungi 1,8, Chromogens
¥a0H method 37 2 3
P«P method 72 2 3




Table 1L
SUMMARY OF DATA PROM CLINICAL STUDY

fsclated cent 1301&%1& cent
Candida slbieans 22 30,8 1 29,2
Hormodendmum 8P, 16 22,4 10 2841
Cendida species (other) 13 18,1 11 29,2
Alternaria sp, 1 1.4 - ——
Aspergilius fumipatus 2 2.8 1 2,7
Aspergillus glaucus 2 2,8 - o
A#gmrgillua niger 3. k.2 1 247
Pasarium sp, 1 Lol — —
Helminthosperium ap, 1 L.t - —
Macor ap, 2 2.9 1 2.7
Oocapora 8u. - - 1 2.7
Peniocillium s=p, 3 L2 - ———
Pullularia pullulans 3 ho2 - ——
Rodotorula sp. 2 2,6 1 2.7
1 1.l o -

& 300f 37 100%
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Discussiont Compariaon of the btwo concentration methods

¥

shows almost twios as many fungl cultured from
pepsin as sodivm hydvoxide, This result stimulated
the author to explore the use of the pepsinepentans
method, Some of the organisms identified are
considered contaminaents by many workera, However,
repented recovery of an organism would strongly
suggest pathogenicity when correlated with clinical
history. , | '
| The Chi Square (X?) test was applied to
determine the aignitimaneb of the difference between
the results of the two concentratlon methods, Ghi
Squere was caloulated by‘&nalyzing a four fold table,

STATISTICAL ANALYSIS OF HaOH AMD PeP CLINICAL STUDY

Hethod

| Results Totals
o Pogtive Hegative

" Eﬁ@g Obs., : W*

YaDH o 37 {5h..5) b 113 {95.5) 150

PP

e 72 (5445} a 78 (95.5) 150

Totals 109 191 300

o 2 d - bg)e xm
(a) © 150.£209 « 51,5 DR v L o Ea ey

{b) » 150 - 54,5 = 95,5 Xz
(G) « 109 . ﬂhg - 91145

x2 s 17.6

(2) » 191 « 95,5 » 95,5

The value obtained for Chi Bquare with one dsgree of
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freedom s 17,6, This is significant at the 0,1%
level, These results sppear to indicate that the
Pepsin~FPentans concentrntion method will recover
a signifisantly greater nmumber of fungi than the
Sodium Hydroxide method,




43
Chapter IV
GENBRAL DISCUSBION

One of the difficulties in vecovering viable fungi
from olinicael specimens stems from the treatuent of the |
sample, The concentration methods used were satisfactory for
recovery of visble tubersle bacilli, Dubos (1954) eonsidered
that the concentration methods used at that time for recovery
of tubercle baeilli prevented growth of many of the orgonisms
This applies even mors drastically to the effect of these
concentrating solutions on fungl, Most workers conslder
fungal growth to be contaminants which mast be avolded during
their effortas to recover viable tubercle bacillt,

There is an intreased recognition of the role of fungl
in pulmonary disease, Several tubercle bacillus concentration
methods were evaluated as to thelr effect on survival of
selected fungl by Ajello (1954) and Stinson and Fghlberg
(1957). C
| Experimental evidence 1s presented to show that s
modification of sn enzyme concentration method will vecover
viabdble fungl =s well as tubercle baeilli, The ability to
recover acld fast orgenisms by the Pepsine<Pentane method has
been ssteblished by Palen (1956). It wes also noted that
tubercle baeilli recovered from the PP method stained more




bk
intensely than those recovered from the 3% NaOH method, The
P«P method does not destroy morphology of the organisms present
in direct smear, Tils may help establish the earliest evidence
ef mysotie Infection,

Various environmental conditions were produced to
 cheek their effeet on the test fungli, Table 2 (P, 17) shows
that incubation temperature had little effect on rescovery
after enzymatio digestion, Since B, dermstitidis snd H,
eapsulatum did not grow, no effect of temperature was demone
strated for these organisms, The yeast phase 1s converted to
mycelial phase for both fungl aﬁ‘BOQQ and lower, This obser-
vation was also noted by Levine and Novek (1950), Levine and
Ordal (1946) and Campbell (1947, OChanging the pH of the medle
Table 3, (7, 19) s domonatrated the optimal growth of the test
fungi to be betwesn pH 6 and 7, The gresatest effort was ex-

pended to detect faetors ceusing toxioity to B, dermatitidls
and B, sapsuls Each part of the P-P method was checked,

Table 4 (P, 21) demonstrated some toxlcity due to exposure to
pentane for 30 minutes, In sctual practice the interface
development with pentane c¢an be accomplished in 10 to 15
minutes, Limiting the time of exposure to ventane will deorease
this toxicity, This was observed in the case of B. dermatitidis
and H, ggpsulatum where the exposure to pentane limited the
frequency of recovery to 50% or less, On the other hand
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exposure to pentane for only 15 minutes resulted in 50% or more
recovery of these fungl, Table 4 (P, 21), Effects of exrosure
to elitrie acld, Tadble 5 (P, 22) showed the greatest toxie
effect, The pH of the digestant was raised bdecause of this
experiment, A different ensyme, Table 6 (P, 23) wns investi.
gated to determine whethsr a poseible toxieity to fungl if any
was due to pepsin, Tyypsin was selectod for this purpose, It
was discarded as a digesting agent sinee in all cases, snough
snzyms was transferred with the digestant to digest the T.B,
media, However, it msy be an excellent digestaunt for fungus
recsovery alone, The use of other ensymes wiich do not have
the dissdvantages may be considered for future use, Tables
7 {7, 24) snd 8 (P, 25) demonstrete the effect of medis
modification on the growth of fungl, 3Severasl investigatore,
for example, Murwin (1959) determined the beneficial effect
of adding detergents, sugars, and albumin to various media,
Tne addition of Tween 80.did not markedly improve results,
over thoss obtained with the controls, No evidence of tnxioity
due to combination of ensyme and pentane was noted in Teble 9
(P, 26), BRelaing the pHE values of the digestant produced
favorable vresulta, Tables 10 (P, 27) and 11 (F, 29), Sodium
cltrate was selected as buffer becauss of possible abllity to
induce conversion of diphasic fungl in myccliel phase to yeast
phase, Pine and Peasock (1958) cbserved this phenomenon, Two
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greoms of sodlum citrate buffered two grams of citric acid to
pH 4 after addition of G;S% gepsin; Data from clinlecal
comparison betwsen the Pepsin~Pentane of Palen (1956) and
the 3% NaOH methods are shown in Tables 12 (P, 30) and 13
(P, 31), A significantly greater number of fungl
{Chi Square = 17,6) were recovered by the P-F method as
compared to the 3% NaOH method, Even though many of the fungl
recovered were nonepathogens, this result encoursged
experimentation, The modified P~P method will recover patho-
gens as well as nonpathopens, Hore work muszt be done from here
on to promote growth of pathogenie fungl and ocontrol growth
of nonepathogenie fungl recovered from clinical s-ecimens,
The use of Mycosel agar (BBL) will be helpful in solving
this sroblem, It does have some limitations (P, 9) which
ware pointed out by Georg, Ajello, and Papageorge (1954)
and Shapiro, Mullins and Pinkerton (1956).

An effort was made to speed up detectlion of growth
on Sabouraud dextrosze agur by lncorporation of 0,05% 2,3,5
triphenyltetrazolium chloride, Eaﬁavar, some of the test
fungl did not reduce the salt to red formazen, Canizeres
end Shatin (1951) used ?TC in their study of dermatophytes,

To date, no clinicsl date are avallable with the

Pepsin Citrate Pentane (P-C-F) method,




Materials:

Procedure:

2)
3)

1)

2}

3)

L)

LY

Digestant -= 0,5% pepsin in 2% cltric acid
buffered to pH I with 2 grams of sodium
cltrate, Selts filtered,

Fentane .

Digestion tube (50 ml serew enpped), dis-po-
pette, medicine dropper buldb, ¥/1 XOH, 0,04%
brom thymol blue,

Add an equal volume of digestant to the
specimen, Incubate at 37°C until digestion
1s complste, &Shake if necessary. ’
Add BIB and neutralize aclidity with XOH to
light blue,

Add 1«5 ml of pentene (one inch layer);
tighten secrew cap and suske vigorously,
loosen cép and allow interface to form, No.
flame should be nesrby, Pentane is very
volatile,

Agrirate interface for direct smear and

culture,




A procedure has been presented for the recovery of
fungl and tuberclse baellil, The organisms ave collected
from elinleal spesolimens through use of pepalnecitric acld
digestant and concentration at an interface by vigorous
mixing with pentane, Analysls of date from a comparative
study of the pepsinepentsane and 3% NaCH procedures show that
the pepsin-peantane procedure slves:?

a, & higher percentage of positive fungus cultures

b, ¢omparable recovery of tuberele baclilli

¢, best recovery of fungus pathogens,
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