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AW INVUSTIGATION CONCLERNING TYH PRISTRVATION OF STOOL L PLCIMING
SUSPECTED OF CONTAIVING OEAAWNISYD 0¥ U "XTURTC ('%}EEOUF, HITE SPUCIAL

THPHASIS UPON THEY SHICTLIAR."

I, INTRODUCTION.

TTE PROBLEN A¥ND ITS JUSTIFICATION,

fhl The Problems

The practioce emploved among public health laboretoriss is to
make avellable mailing containers for use by physicians for sending,
vie meil,stool speeimens suspected of being infeeted with members of
alther the “berthella,Salmonslle or Shigella groups of bacteria, These
mailing containers vsually includes one or more stoppered bottles in
which a preservative solution has beon placed and to the bottom slde
of the stopper had been affixed s plesce of wooden applicator or small
metallic spatule with whiech to inoculate the bottles. The preservative
solution usged is not the same throughout this countrye It waries as
to nse and substance among the various laborstorles from & s£ingle sole
ution for use for all three groups of speseimens to no preservative for
any of the groupss. Instruotions for use ususlly accompany the containe

ers in order that an "overdose® of inoculum is not mmnde into theme The



inoculation of too large a quantity of feces usually results in an
overgrowth of the nonepathogenic forms,while the specimen is ig\transit,
thereby making difficult the easy isolation of the pathogens{aa;.

It wes felt that there wes a ne=d for the development of =
single preservative solution for all three groups of bacteris thersby
making possible the e¢limination of the necessity for two or more diffe
erent soluticnse With the developmsnt of such & solution,there should be
effected a simplification and improvement te the lsboratory services both
in the fleld and laboratory as well as affeoting an economy of both time
and money.

In a review of the literature coucerning the subject,little or
no work had beon reported pertaining to a single preservative for all
three groups of speeimens although thers had been some work reported for
mambers of the Ebnrthefla e?é’Salmnnalla groups a& a wnit and thic Zhigella
groups ss anotbher unitkag}k%g). In an attempt to sliminate poszlble dupe
licatlon of offori in reseoaroh,s survey was made of all State whlic Health
Laboretoriss in this country,Yawail and Puerto Ricoe All laboratory dire
sctors were circularized with a gusstionaire containing six yuestions, Ine
formation was requested conoerning the availability of speoimen containers
for sposecimens of these three groupss the preservative solution used for
sach zroup and whether the solution used wae yielding satisfactory re-
sults from a “recovery of organism" standpoints whether research was be=

ing condueted concerning the line of thowrht suprested and whether the

development of such a solution would help to simplify and improve thelir



laboratory zervices.

Be Analysis of turvey Uata and Justification for the Studye

Table 1 indiostes in tebulated mepner an analysis of tho results
of the survey undertaken among the various dlrectors of iftate Public Health
laboratories in this country,fawaii and Puerto Hicoes irom a perusal of this
table,the following deductions mey be mude:

le Hapliss were received from 35(72.97) of the 48 guestion-
aires sent oube.
2e 25(71e4’) of tho laborabories reporting employed the same
preservative solution for speeimens of the three groups., (f this mumber
there were but 6(24,0%) of the directors that were satisfied and 12(75.,0%)
dissatisfied with the results obtained from its usee.
3e 27(77e1%) of the directors reported favorsbléopinions 58
to whether a single preservative solution,if developed, for the three
groups of speocimens would help simplify and improve their laboratory sors
vices, 2(5e.7%) reported unfavorably; 2(5.77) expressed doubt and 4 (11.3%)
feiled to snswer the gusstione
From the above, it may bo deducted that
l1s There was a nesd for an investigetion in this field of
endeavors
2e Such an investipation undertaken would be both practical

and justified.



Il RESUME OF LITIRATURL.

It is not the intention of the author to present a compreheng=
ive review of all culture media employed in Bacteriology sinece such exe
cellant reviews are already avaeilable upon the subjeot(lS)(él). It is
felt that for the purpose of this dissertation,a brief resume of only
those differential culture medis more commonly employed by some bacte
ericlogists should be included, some of which have psrticular appliocation
in the isolation and ldentification of the organisms of the three groups
in guestione For purposes of convenlence,differential culture media mey

be divided as followss

Aes Differential culture medis employed in the isolation or

identification of members of the Eberthella,Salmonells and Shigella

groups of bacteria,

1. Liguid Nedias

ae Enrichment media for their bacteriocsitatic or iditory
action upon nonepathogenic coliform bacteria thersby
sermitting the pathogenic forms to grow unrestricted
after transplantation upon medlae

{1) Alkalization

(16)
Dudgson in 1919 reported the use of /33

sodium hydroxide solution in egual volumes with
foces as an “enrichment® preservative for stool

specimens subjected te delayed examination for



bacillary dysentery incitants. e believed that
the acii resaction of the stool specimen was the
chief bactericidal factor invelved in the ine
-ability to recover the pathogens and that with
sn alkeline resetion effeected,viability of the
pathogens was prolongede se."final concentw
rations of 1.5 per cent to 3.0 per cent normal
sodium hydroxide are still being used by English
baetericlogists for preserving dysenberic stools

4
{8)
in the tropies®™

(ﬁ L (53)

Reufeld reported in 1900 that bile exerte
ed a lytiec action upon some bacteria and nonelytic
action with otherase The bacteriostatic and bacter=
1cidal effects decrease with dilutione Gram nogative
bacilli are usually more reslstant than gram pos=
itive bacteria. In lower concentrations blle exerts
a stimulating effect upon baocterial growth(ﬁ).Th@
action effected is primarily dus to the bile aclds
prasenﬁ. Among them are cholele,desoxycholic,apo~
chelie,dehydrocholic,taurocholic and glycocholic
acids, all of which have a lytic action upon cere

taln bacteria except dehydrecholic acid whioch has

little effect as ocompared to the other acilds,



Leifson in 1935 reported that the most striking effeot

was exhibited by desoxycholic acid and prepared a scde
(39)

ium salt thereof for bacterlological purposes .

(3) resoxycholate Citrate Solution

(8)
Bangxang and Fliot im 1840 propesed a solutim

of 1% sodium oitrate, 0.5% sodium desoxycholate in a
phosphate buffered saline soclution at pH 8.5 as a pre=
servative mediuvm for use with baclllary dysentery

stocl specimens for delayed examination. The action of
this solution was based upon the inability of Fe.coli

to utilize the carbon of the sodium citrate and thersby
become inhibitedjthe sodium desoxycholate inhibited the
gram posltive cocecle The authors proposed that Endo

and iacConkey Agar be the plating media of choice fer
use with this group of organisms for isolation purposes
since gram positive bacteria were suppressed by both
media and neither had ar inhibitory effect upon the
pathogense

(4) Dyes

Anilin dyes,either azoid or basic type,inhibit gram
(67)
positive more readily than gram negative organisms N

Brilliant green,in culbure media,in 1/150000 conosne
(68)
tration will inhibit 1ac§osa fermenting organisns .
(17
Dunham and Schoenlein reported that brilliant green



in a 1/75000 concentration will not inhibit Fe.cold.
Gentian violet im 1/10000 concentration has s solecte

ive sction for gram positive and not gram nogative

(a8)
havteria .
(5) Slycerin Saline Selution |
e (65
Teague and Clurman in 1918 propossd that &

307 solution of glycerin in 0.6% sodlum chlorids be
used im the preserwvation of stool specimens for dow
layed examination for the presence of Zetyphosuse

The authorz reported thet the ection of glyscerin upon
the baoteria prosent wes a bactericatatic one and iis
lothal sotion wes relatively slow at thet dilution,

wa and Sia(?é)rmgort@ﬁ this selution te have a benew
ficial preserving action upon Se.dysenteriase in stools
also for delayed examinatione The wvariation in pi of
the various grades of glyserin and within different
batoches of the game grade has contridbuted meterlally
%0 the toxie action of this preservative seolution upon
the pathogeniec bacterie in queatioafs) in an attempt
to overcome this diffieulty,lresnfisld in 1956(22)pr0-
posed a modiflcation of the original Teague sand Clupe
man solution in that the 30% glycerin solution was
prepared in a phosphate buffered solution of sodium

chlorids with pi edjusted to Te2e



Qg) Lithium Chloride Glycsrin Saline Solution

(2B)(26)
Havens and Yayfield reported a modifie

cation of Teague snd Clurman's solution by the adde
ition of 0e8%Z lithium chloride as a specific inhibie
tory substance for the Lecoli in stool specimens for
deleyed examination for Eetyphosuse Cray in 1931(21)
proposed a similar modification involving the Selmone
2lle group. However,due to the toxic action of the
solution upon members of the Shigella group of bacte
eria.,its use with specimens of this type has been

(8)
limited °

( _’Q_ Selenite F.Medium

(40)
Leifson in 1936 roported an enrichment medium

consisting of sodium hydrogen selenite,peptone and
lactose in a bhuflered phosphate solutlone me to its
initial selective inhibitory action, Ze.c0li does not
reach a maximum until lon; after the usual 2¢ houwrs
ineubation pericd whereas H.,typhosus and members of

the Salmonella group multiply rapidly during the usual
incubation period and greatly ouitnumber the iLscherichia,
The inhibitory effect of this enrichment medium upon

the dysentery bacilli renders its use thersfor impraacte

(38)
ical .



§§2 Tetrathionate Lreth

{s1)
aller and Yalves In 1428 degeribed &

medivm econtaining: osleiun carbonete,sodium hypoe
gulfite,potazsive 1odide and fodine in boulilom

for ure 8g an enrichoont medive in the cxumination
of feces,urine,wator and sowsre end obler infoeted
mterinles for the presonee of Hetyphosus and mome
bors of the Ualmonslla groupe Thils medlym inhibvits
or kills ths coliform bactoria and pormits tho onte
erie argmnisma‘ﬁo grow unrostricted o

Zolid Jodine

Ge nrichment medis that do not suppress or inhibilt ,but
sorve o differentiats on the bagls of lactoce fermenw
tation es irndiomted by & change in indiontor employeds
(1) Platin: ledia.

{g) Bromorcscl Purple ‘acgtose iger

(113
This vodives 48 Jevised 0¥ Shosnzy wes

essvntially the sams ag Litnus lactose gl oxe

eept that the litmus indlesbor 'md bosn reoplaoced

by bromoeresol purple, s rore ciable dyos Itz uses

are sssonbially “ho same ae for Litmus [sctose
{15)

LHEar »

(v) Litrme laotose Ager

This mediue is Lthe oldoat difCerontinl mode

uwn paporbod for bacteriological purpososelt wes



1o

{78)
developod by Vurts in 1507 and contrined laoste

ose nutriont agar and litmise Yhe lattor was ome
ployed as an indieator for the produetion ol aecld
by bacteris from lactote. it was developed "o
gifferentiate jaotecoll and Fboprth's baoillue,in
that é%ut.ual?. Poroonted lactoseo with the produchts
fon of woild"e 7 The typhold colénies wers colore
losn end the coli colonies wers rede
(2) ubs ssdine

{g) iger lead icotate Apare

Kliger in lglaiﬁ:;mrtﬂa a Afterontial

modivm basod upon the voubination of Hussell louble
Suger Ager and Lead Acetate Ager for the differonte
iation of gram nogative bacllli both on the basis of
tholr 8sbility to f'erment dexbrose snd luotose

and their ability to proéz:;oa hydrogon eulfidee
beiley end imey in laa?i?"rampm& o modificeticn

of the iliger lowd festute Agar in which the Andrade
indicator vae replaced with phenol red,forric an-one
jum eltrate replacad lead acetate ag hydrogen sule
fide indioator and sod um thiosuifate wam added, Thise
padive sag preporied Lo Aifferentiate the lactose
from nene-lactose lermonters,to difforemntiste Iberw
thelia from the Cealmonelle snd Shigpelle groups end
alzo to differentiate Separatyphl from Se.schottemuclleri



12

and Seanterliditis by the deteetion of hydrropen

gulfids produstions

(b) Krumeiedo Triple Sugar 4

{e)

Eropmeiede and Kohn | proposed o modification
of the Pugssell Double Suger Ager in which suerose
a3 Incorporated in addition to the dextrose end
lsctose of Ruasselle Tt was olaimed that this mede
fum had the advantegs over the Fussell medium in
that 2 wore accurste 4iflorentiction dbetween slow
laotone fermeniing mtralns of gram negetive Inteste
insl bactoris and the felmonella group was effeabed,
This was msde posnible by the slow lasetose fermenters
attaoking suernss more readlly then loactose wmder
aorohic ommditions end the Jelmenella orcanisms wope
not influenes’ by tho susrosze. indrade Indioator vas
racommenied by the asuvthors feor nss as the indieatar
for *he presomee of acld preduecticn.

Ruseoll Double Surar frar

i 191Y,Rusaell described a double sucar mede
fom for the {dentifiention of sram negative organisms
of the inteztinal group,particularly memhers of the
Thorthella, Salmonzlla and ¥scherlehin sroupss The
aricinal forméla ineluded litmiz as an aold indlioe
ator. ™onel red hao haen recemtly incorporstad te

replacss litmus since the former iz moreo stable and



(15)
gives better results .

(8) Sucreose kannitol Agar

(34)
Kendall and Kyan in 1919 described a double

sugar medium conteining suocrose and mannitel which was
propessd to supplement Russell Doubles Sugar Agar in the
differentiation and identification of baecteria of the
intestinal groupe By mesans of these two medis,the fere
mentation reactions of four sugars were made possible,
The original formula contained Andrade indiocator as the
acid indicatere FPhenol red has been recently incorpore
aeted to replacs the Andrade indieator since the former
is more sitsble and responds more rapidly to changes in
(18)
reaction .
ba Inrichuent medls that supprses or inhibit gram positive ore
sanisms but not members of the gram negative group and on which
there is & reasonably sharp diffsrentiation by means of approp=

riste indicators between lactose and nonelactose fermentsrae

1le Plating iedia.

(a) Lesoxycholate Azar (59)
in 1935,Leifson desoribed a differential medium
for the isolation of intestinal pathogens and for the
dircet enumeration of coliform baeilll in milk snd watere
This medium contained lactose,peptone,ferric ammonium

citrate,sodium chloride,e potassium phosphats buffer and

sodium desoxycholate in water with pH 7¢3=7.5, This mede



13

ium may be considsred comparable to MacConkey Agar in
that there was present a bile salt,but in & purer state,
in a concentration (0.1%) sufficient to have a bacterio=
static action =pon grem positive organisms but exerted
little or no action upon gram negative Intestinal bgct-
eria except Se.gallinarum which it completely inhiéiigd.

Colonies of lactose fermenters were usually red while

those from non-~lactose fermenters were colorlesse

(b) Endo Agar

(19)
In 1904,Fndo described a medium in which &

fuchsin sulfite indicator was used to differentiate
between lactose and non-lactose fermenters of the ine
testinal tracts Coliform organisms fermenting lactose
became reod,ugually demonstrated a metallic sheon and
colored the surrounding medium; nonelactose fermenters
wero colorless,clear and appeared usually as glisten=
ing drops upon the pink background of the mediume The
typieal reaction by the laoctose fermentere was caused
by the intermediate produot~aceteldehyde- formed from
lactose during the fermentation of that sugar and be=
(46)(52)

coming fixed by the sodium sulfite e This med-
ium has been subjected to many modifications due largely
to variations in the available dyes and sulfites and to
new uses for the medium edvocated by individual invest=

(15)
igators .
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(¢) Eosin Methylene Blue Agar

(a)

(29)
HolteHarris and Teague employed a come

bination of vosin and methylene blue as an indi-
cator in the prssence of lactose,suerose and pepe
tone, In this medium lactose fermenting colonies
gave a distinet differential from non-lactose fere
menters. lLactose fermonters of the collesserogenscs
group developed blackish colonies or possessed dark
conters with transparent colorless peripheries
whereas non-lactose fermenters remained colorless.

This medium has been subjected to a number of mod=

(18)
ifications and veriations .
FaoConkey Agar
This medium devig3d by MacConkey es & differe
(43)(44)(45)
ential medium has been generally used in

Great Britain for differentiating members of ithe
Eberthella,Salmonella and Shigella groups {rom the
non=pathogenic coliforms following a number of mode
ifications by bafh MacConkey and other investigators.
The differontial ection has been reported to bo
effected by colonies of coliform bacteria becoming
brick red in color and usually surroundsd by a zone
of preoipitated bile salts. This reaction was due

to the action of the acids,produced by the fermente
ation of lactose,upon the bile salts and the subse=

quent adsorption of neutral red. Nonelactose fere-
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manters €14 not alter the eppeosprance of the modw
ium and were uneolorsd end transperent, Its use
as a differentlal modivm has met with favorable
rogulis by some maatigm%ruw} and wnsatislacte
(s30)(s32)
ory results by olhers ®
2o nrichment wedia that sontain ehemioals to delay or complately
suppress the dovelopment of gram negetive nonepathogenie cole
iform and otheor groups and permits the growth of gram negat ive
intostinal pathogemae
e FPlating ‘edis.
Y & bk Gull i
(2} Hismuth um;%g% (’W *

4lsom and Wilseon and Dialr

{(703{71)(78)

degoribod & selestive modlum by which letyphosus
angd sulfite reducing bacterie in water mizhi be dew
toetode in o wedium contalning sedium gsulfitse,rlue
cose and un lron sald,reduction of the zulfite to
sulfid: mnd the formation of FeS {the blaskeningef
the colony) was effected by letyphosus and verlous
wmeribers of the alaonslla groupe The bilsmuth sule
fite indieator in the presonce of en excess of pode
ium sulfite supprossed ths growth of mast eoliforum
baoillilis and in the presence of brliliant gresn ths
soloetive setion we intensifieds Thiszs medium hes

been subjected to & mumher of modifiecations by ine
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veatigators in an offort to effeet a more sensitive
medium for special purposes. This wedium has bsen
reported to yield satisfactory resulte in the isole
ation of members of the Eberthella and Salmonella
groups but memhers of the Shigella group become eie
ther inhibite’ or donot grow well upon it(Q?).

(b) Desoxycholate Citrate Agar

This selective medium was reported by leifson
in 1934(38)%0 contain 3% scdimm citrate,0.27 ferric
ammonivm citrate,0.5% sodium desoxycholate,l’ lactw
ose, 1/150000 lead acetate,l/50000 neutral red in
besf infusion sgar containing 1% peptone and 0.5%
sodivm chloride at pH Te4 In this medium the bile
galt inhibited gram positive organisms and suppleoe=
mented by sodium citrate inhibited to e considerable
extent members of the Aerobacter,Vascherichia,Cltro=-
bacter,an’ Proteus with ocassional strains of each
encountered thet were presistsnt,s The ferric amnone
ium citrate scrved & double function- it lessened
whatever inhibiting effect the medivm may have had
for the intestinel pathogens and enhanced the ine

[
hibiting effect of the medium upon the coloésgicillia
This medium was modified by leif'son in 1935 %o cone

tain 17 lactose,2.5? sodium ecitrate,nsutral red

1/50000,1ead chlorids 1/300000(the use of which was
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left optional to tho user) in a pork infusion pep=-
tone agar without scdiwm chloride.¥e reports that

in the use of a pork infusion he always obtained
better results,from s growth standpoint,than from
infusions made from othsr mammalien muscle tissue.
This medium was propossd for either streak or plate
ing purposes. Due to its strong inhibitery action,
this medium has beepn reported unsatizfactory for the
isolastion of members of the Shigella group other than

(8)(23)

those of the C.paradysenteriae(Flexner)

(e) 58 sgar

This scelective modium was recently developed
by the Difco Labcratoriesclé) for the isoclation of
members of ths Shizells,Salmonella and Eborthella
groups from stool and other materials suspected of
containing these organismse It has been reported to
differentiate betwoen lactose and non=lactose fer-
montsrs aznd has also been reported to give maximum
inhibition of coliform organisms with minimum res=
triction of growth of the pathogeniec hram negative
intestinal bacllli, This medium contains 0.57 besef

extraot,0.57 proteosze peptone,}? lactose,0.85% bile

881t5,0485% sodium citrate,0.857 sodium thiocsulfate,
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Ool® ferric citrate,brillisnt green 1/3 million,
0.0025% neutral reds In this medium,as in Desox=
ycholate Citrate Agar,advantege has beon taken of

a bile salt to inhibit gram positive bacteriag
sodium and ferric cltrates to inhibit lactose fore
menting organismsjithiosulfate was employed in cone
Junection with lactose and neutral red to detset the
lactose fermenters from non-lactose fermentera by a
reddish colored colony formed by the lactose fer-~
menters wherees the non-lactose fermenters were
usually colorlessy, This medium has been reported
to give & more defined differentiation between fo
cal and pathogonic colonles than 1s rendered by
Desoxycholate Citrate ﬁgar(47).

Simmons Cltrate Agar

This medium for differentiating fecal from
non=fecal coliform organisms was devsloped in 1526
by Simmona<61). The selective differentistion of
this medium was based upon the inability of fecal
coliforms(Eecoli) to develop in & medium with an
inorganic ammonlum salt as the only soures of nlte

rogen 8nd with citrate as sole source of carbon

for energy,whercas strains of aerogenes(non-feocal)
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reow guite wnrestricted, This medium was doe
veloped by the author to overcome the disade
ventage usually encountered at times with a
turbidity when large inocula are used in Koser's
Citrate Brothe Bromthymol blue was used as ine

dicator,

Differential culture medie employed in ths isolation or ident-

1fication-2§ bacteria other than the Lberthella,Salmonslla snd

Shigella groups of bacteriae

_]_-'o Liquid Nedia.

ae imrichment media that do not supprees or inhibit bacte
eria,but serves to differentiate bacteria on the basgis
of lactose fermentation,

(1) Eijkman Broth

(18)
This medium was devisedin 1904 by Eijkman

for the separation of strains of Ee.coll originate
ing from the feceg of warm blooded animalsas The
original formula conteined 10% glucose,l10% peptone
and Qe¢5% sodium chloridse. Tubes of the sample in
question inoculated with 1/8 ite wolume of broth
wore incubated at 46°C. for 24 hourse Perry and
Hajna(se) oplaced zlucose with 003% lactoze, In
192392, Perry and Eajnm(gv)r@plasad peptone with 1l.5%

tryptons and added a phoaphate buffere Ita present
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use is mostly in “anitary Bacterioclogye.

(2) Lactose Broth

The active ingredients in this media are

lactose in beaf extracte-peptone salu%ion(é).

Lactose fermenting organisms produce acldity

which may be detected by means of an indiocator

adied to the medium. laoctose fermenters may or

may not produce gas in addition to aecilditye.
Ineichment media that suppress or inhibit gram positive
bhut not gram negative bacteris and with which there is e
regsonably sharp diffspantiation by means of appropriate
indicators betwsen lactose and non-lectose fermenting bacte=
eria,

Q&) Brilliant Gresn Bile lLactose Broth

(50)
This medium was devised by 'uer and Harris

in 1920 to inhibilt orzanisms other than mewbers of
the coliform groupe Its asctive ingredients are lact=
oze,o0xbile and brilliasnt greeni the former for ths
fermentation by coliform orpanisms,oxbile to depress
the surfacs of both the media and bacteria present
{usnally the ansercbes) and brilliant green to
suppyess gzram positive bacteria. Dunham and Schoenw
1ainxl?)racammended a reduced concentration of bile
from 5% to 27 and inoreased the dye from 0.01% to
0.13% thereby improving the conditions for growth of

tecolls Its use is primarily as a confirmetory mede

ium for the presumptive test for the presence of cole
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(4) (5)

iform bacteria in water and milk aam@lss' and

is also used in psrallsl with lastose broth in the
{4
control of water filtration plants .

{(2) Srystel Vielet lactoso Broth

Fa™

This mediunm is a bufferad lacbese broth cone-
taining erystal violet in &« coneentration suffieiosnt
te inhibit gram positive organiens and other bactoria
that may be responsible for false positive Ltastse The
congentration of the bacteriostatlo agent in the mede
fum wag net sulfileient Lo effect the growth of mome
hers of t%e ooliforn groupe This medium was developed
by Salla(&ﬁ)in 1830, Its pressnt use is primarily as
a confirmatory me’ium for the presumptive itast for
ths pressnce of soliform bacterla in water sam§1es(4)
and is also usséd in parellsl with Iacto?e)broth in

4

the control of water filtration plants .

Pormate Kicinoleste Hpoth

The eetive ingre-iemts of this medium are lacte
ose,s0dium formete,sodium ricinoleate and peptonselt
wes devsloped by Stark end ingland in 1935(64)fer the
detection of coliform bacteria in water and milk, The
sodinm ricinoleate inhibits the gram positive orpen-
isms usunlly respongible for falae positive resulta,

fodium forvede mccelsrates rrowth and gas produection

of the coliform baecteria from leotose. Its procent
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uge 1s primarily as o confirmatory medium for the

prosunptive test, in lactose bHroth,for the prossanee
f%)
A

of voliform baecteris in water samples end is also

useé in parallel with laectese broth in the control
(&)

of webter £iltration plants

Fuc&a%g Taoctose ?raﬁh

Fpree Yy
\GB;
Rittar devigsd this mwedlum in 1532 to roae

dues the numbaer ef false positive raaotlons onocuring
in the sxemination of water samples for Ve.colie The
dys- basie fuchsin~ inhibits gram posliidve crganisms
and othasr bacterias that wmay bs responsgible ?ar'tha
falee pozitive tests, lactoses iz the fermentabls
augar available to deteet coliform baoteria,

Eacﬂnnkgz Hroth

{483
Yamlonkey in 1801 doveloped this medivm with

peptone, glucose,a bile zalt and litmus. In 1308,he

reploced 1itrmz with reutral red and glucoes with
{438 ){44)

lactoze oThiz mediun is sxtensively wused in

Orent Hritaine. The litwus eroerved s indlestor for the

presence or shsenee of acldity and the bile salt to

suppress the gram poalitive orpanisms snd other baeteria

that mizht produce false positive reactions. The noue

tral red was incorporated in the medium ag an indicator.
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¢e mrichment medis that contain chomicals desipned Lo delay
or completely suppress the devslopment of cortain gram nege
ative baetoria at the expensge of othor grem negative orgenisme
ami the principles of whioh was based upon the ebility of the
organisms to utilige certain orpanle substances,
Qi) foser Citrate Spoth

(86)
Hoser in 1023 dovolopsd this mediwn to difflere

antiate botween .c0ll and L.aeroyencse Ths grineiple
upen which 1t worked was based upon the inability of 1.
ooli to utilime the earbon of the sodlum eltrate for
energy in the presence of an pwmonium salt as soures
of nitrogen whareas A.nerozenss wos ablo to utilige the
earbon for snergys

3;. follé Hodles

e nrichment medla that do not suppress or inhlbit baoteris bub
serve to differontiaste colonies on the basis of lactose foprw
mentation and as indiested by e ehange in the indioantor ewmployed,

{1) Dromeresol Purple lactose Arar

(1)
This mediun se devi @d by Chesney wae deseribed

orn "age 9.
(2) Litmus leotose Ager

()

Thie medivm as devis 2d by Hurts veag dageribed on

Page Ce
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be nricokment medis thet suppress or inhibit grem positive but
not gram negative organiums and on whioh thero 1 a4 ronsonw
ably shaprp differentiation by meens of sppropriste indicetors
batwaon lactose ond noaw-lsctese fermonters

(1) brilliant Oreen Dilc lactose izer

This medium was developed by Noble and Tonsey in
1@4"5&5(%}1‘@:' dotermining the relative donsity of colie
form bocteria in water and e~ 6. The astive ingrods
iente wors lactoso,bile salts zndium sulfite,ferric

ehlorideo,orioglancine, e phosphete buflor en? two dyes-
basic fuchsin and brilliant proone The dyes were tho
grem positive bacterisl inhibitora, Colonles ol colie
form bacterla were doup pod at the center with s pink
halo of preoipltaied bile salts shorlr owtlined
syo2inst & wmiformly blus beelgrowx. .
This moedium wes daseribed on Page 13,
(3) Fosin Jethylene Rlue Azer
This modiuwn was deseribod on Page l4e
(4) lacConkay sgar

This medium was deseribed on Page ld.




Gs ‘mpishment media that contalin chemieals which encouraze sole

eebive basterial multinliecation.

Q&} Neef Tnfusicon lactose izar

hac o

(2) &
Tm 1935 thiz medium was dovi god,with the addition

of skin milk at the time of usee Tt was omployed for dow
tormining the total bacterial esount in the mleroblologie
eal analysis of bhulter and the dotootion of proteolytie
colonies,

Hlood Apar

Thiz nmedlinm has hesn used in the iscolation and culte
ivation of wmany fastidious pathogenic orpenlsmse The prinw
aiple upon which 1ts votion was based wae that coriain pethe
ogens had the ability te hemolyse red hlood corpuscles
when cultivatsd upon its surfeees This charseteristie wes
2onslderel o dlagnostic ariterion smony strains of pathe
ogomie streptonoscel end ctrains of staphyloesecl sneounte
red in fond polsonings. This medium wee first roported
by Yroen and Ovoubt in 1930(9},wnﬁ conslisted of & voal
infusion bage to which had besn added defibrinated blood
of sn indefinits volume. ‘may moiificebions of this medium
have besn poportsd ueing elther a beof infusion or a bedl
axtreot baze sand o which was addod defibpinated blood of

{41).
sither humen,dez horse,shocp, ox,pigeon or rabbit °
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Q%} Aromthymel Blue iaghbose igar

G

{
Chepman ot al developed this wmodium for the

deteotion and isclation of pathopenle staphylooocels
‘pom 4% approzimately P45 of the nonepathopoenie stophe
ylowvoecl wilinot grow wheresss %85 of the pathogenic
strains would gprow Imrianﬁly. In 1958 Chepman et
(11)(12)

al sdvogeted that Fhenol hed lannitol Agsr be
carrisd in parallsl with thelr mediom for the prime
ary isolation of pathogonie staphyloe sel sal tnat

crpystal Vialed agear be osvplosed for cemilireandione

Poapibis s luata spaer

Ayers and adge In 1680 reported e i eronte
lal mediun eonsisting of nutrient extrect sgar and
skim milk powder oxtractives for usze in milk vm'bf*ﬁ,
This medivagas poportsd,could be ussd to obtain 4l
erential plate sounts including both ecld formin: and
pupbonising colonisae Ths original wmadiur has beon

modified by o mumbor of investigators.

b & a4
,w:mtgx Juicw Loar

This wedium conslizted of tommte Juies,peptone,
copbonized wilk sand aper end was sdvooated by Viekle
{49)
%
ané dpecd for use in dirsct plete counts of milk

and the culdivation of laotobmelillis. The use of pop=



(&)

a7

tonized milk in culture media for she isolabion of

laotic seid producing &aet&ria wag roported b

{33) (=1
dayeer in 1894 and 2rls Jemsen in 1858 .
Etome s Fxbtract Uelatin Agsap
I s LE8E
Stone dssoribsd a mediun in whioh snterow

tozxlo strains of staphylocosel liguified elabin
while cuvliures not produeing the enterotoxic sube
atanee 412 mot liguify gelatine s revised his
original formule. Uie final medivm consicted of I%
bocf extract,$’ pelatin and 1,87 ager st pil S48 In
using this wmedim deflitrinsted blood mey bes added te
vheares the hemolytiec ectivity of the orgsnisme suse
pootedy the lneubntad plete sontalning colonles of
staphyloasceel iz "deovelopad” by flooding the surface
with & gaturatzsd golution of ammonium sulfute and pore
wltting the plats to stend for apprreximately five nine
ntag or wmtil the resction had hoeome well dewveloped,
which consistod of & zoning sbout the colonies of the
sntorotoxie strsins,Colsonles sre usually fished from
this plats to other modla for additional study. The
folléw! - intorpretation has bexn rocomrended by Ltone

for the rogulie obieinsd,.
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Yo hemolysis,no zoning =considered "potentially non-
toxia”,

No howolys is,modurats to marksd soning= conaidersd
nagative o

Yomolyeis,no zoning = considered "potentielly boxie”,

lemolyeis,marked zonlng- consldered "potentially toxie®.
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YX%s XP RV HT L.

é._. Mothods i;lzzp}.ayud.

1. fultures used in this investigetlon; their scurce and identification.

The oultures uwsed in this investizetion and the sourese from
wnich they wore obtained vore es follows:s

8¢ Herylend lepartment of Public lealth

Bedysenteriss #361: (designated as”161" in this ine
vestigetion)s This culture had been receiverd
from the London fechool of Nygiene in 1937.%e
other information was svailable.

Sedysonterise 1630; (designated as "G38" in this ine
vegtizetion)e Ho informetion wra awveilabls
concerning this stook culturs.

Sedysenterise 6401 {designated se "640" in this ine
vestigation)e ¥o information was availsble
concerning this steok culture,

Separadysenteriae 1891 (designated as "18" in this
investization)e This culture had hesn rew
seived in 1980 from Parke,lDavies Co.labopaw
tories and numbered as 01854(J84)e Ho other
information wns avallableo.

Separadysenterise [21: {desirnated as "21" in this
investization)e This oculture ha® heon re~
colived in 1830 from Parke, lsvies Co.laboraw
torics and nushered CLEG2{J58)e Yo othepr
informstion was awvailable,

Zepursdysenterise 354511 (designated as "35451Y in
this investigation)s This organism had been
isolated from feces of a case om July 12,
198G
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Sesonnel 10z (designated as "10%" in this ine
vostiseation)e This eulturs had besn ree
colvsd from ‘r.Kosor's Collection.ireRo=
gsar originally obtainad it Prom the lpite
ish Typo Collection.

Sesonnel {11z (designated as "11”7 in this investe
ization)s This culture had been roceived
from Lrefoscr's Colleotiomeirefoser orig=
inally obtained 1t from the British Type
Colleotion.

Seaonnel +7191: (designeted as 191" in this ine
vostication)s Thie culture had busn re-
coived from Armour laborstories In 153%,
Lo obthsp informetion was available,

be Mis:zissippl iepartmont of “ubliec Uealth

Tetyphosus [5334~41; (dosignated as "MHayfield™ in
thiz investigaetion)es This organism had been
isolated from the foces of & typhold relesse

eorn dnm 1941

Sedyscntorias F5856«41: {(designated as “Uysiay" in
this investizetion)., Thils orpanism hai been
isoxsted Prom the feces of & case in 184le

Leparadysentorise s {designated as "ParaliC" in this
inmvestiration)e This stock eulture had been
roenivad from iredordan's Cellesetion at the
University of Chieago with date of recsipt

UNKDOle

Separadyeontariae 1~30 :{desiznated as "I-300" in
this investipgetion)e This stock culture had
beon racsived from (refeliellanison of Sirme
ingham, Alabama who lsoleted 4% fram “he fsoesg
of & casey,dats uninowm.

Sesonnel : {designated as "Son’)C" in this investie
gation)e This stook culture had hson received
from lrefoser's {ollectien at the Univeraity
of Chicaprce inte of receipt or isolation umn-

knovme

Setyphimurium ¢ {designated as "TV" in this investe
igation)e This stock culture had been proe
ceived from Dre.Jordan's Collection at the
University of Chloagoe Late of roesint or
isolation unlknowne
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os Univeraity of Marylend

Totyphosus (Bawlings )i {designatod as "lawlings" in
thie investipation)e. This organism was a
stock oulburesiate of receipt unknowne

ilgtyphosus #58s (designeted es "S58" in this investe
igation)e This orgzanism was & transplent from
the Panama 758 strain ussed at the Army Jedw
ioal chool for Typhold Veccine manufacture.

Seseprytryeks 30: (dezignated as “rer” in this investe
ization)e This organisnm wes a stook oulture
whose original transplant was recoived from
the irmy Yedienl lchools ate of receipt une
knonmie

Seentoriditis 38: (designated as "int" in thic invest-
igationle Thiz or;anism wes & stock oulturs
whose originel transplant had been received
from the Daltimore ity Nealth lepartment.

Late of rocoipt was unknovn,

Leparutyphl 341 {dosipnetel s "A%4" in this investe
igationje This orpanism wss a sbock sulture
obtained from an autopsy with dete of iscl~
ation wnknown.

LDeschobtmueliorl 35: {des gnated az "I in %this ine-
vestisationle This orgeaniem was s stock cule
ture cbtalned from an austopsy with dats of
igolation wninovne

8o Isolated from {resh stool sacoimon

Leeld s This orgenism was isoclated on Jume §,1241,

Cultural Charactoristiocs

411 eultures werc purifiod upon recssipte. Thay wore strecked upon

tnie Arar end the plates incubstod at 577Ce for 84 hourse Typioanl celonisos

wers igshod end inoeuietions were mads in dupliests into Hussasll Uoubles

Tuper Agar tubsse The tubes wers inoubsisd at 37°C, for 24 hours after which



their rosetions were read and recorded., Inoculations were made from the
Eussell Loubls Sugzar Agar tubes into duplicate btubes of gelatin,tryptone
water{for indole produvetion ant tLesilng by the Gers Tast(sa)),litmua

:
milk,lend acolute agar and the following semi solid esrbohydrate mﬂ&ié23)z
dextrose,duleitol,inositol lactuze,usitose, mannitol ,sucrose and xylose,
All tubes were incubated for 24 hours at 37 C. excopt tryptone water which
was incubated for 5 days; gelatin tubes were incubated 10 days at 37%C.
and immersed in ice water for several minutes,removed and oxsmined for
the presence of liguifesctionjithe lactose tubes inooculated with Sesonnei
strains were incubsbted fer & days al 37%. with daily observetions made
for scidity and gre productions Notility teeting was made from an 15 hour
Lroth culture of each organisme A Grum stained smear was made of each or=

ganisme

The resulbs of those tests are displayed in Table 2,

1e The Dekermination of the pl Range for Growth of Iash Orgenism,

A geries of three conceocutive dally transplants was made for each
(83) o
organism upon Besl Lxtract Agar{pl Te2=Te4) ard incubanted at 37 Cefer

24 hourse From each third transplant s homogencous suspension of the or-
canisn was mede in storile glass distilled watsr by filtering the suspen-
sion through a sterile filter papere The density of the suspension weas
standerdizged against a recently preopared Berium Sulfate Stendard ?$<62)
uging sterile glass distilled water as diluent, From sach suspsnsion Q.l

(83)
cce inocula were mede into each of two tubes of Hesf Uxitrast Broth(pH 3.8),



Gimilarly Ol ces inooula were made inte two tubes onch of Doof Lxtract
Aroth with pil ranging from 4.0 to 10.1 né approximately 0.5 intervals.
tach tube contalned 12 ces of wedium, Ths density of suaspension of the
inoosulated %ubes was debternined by means of s photoelectric nephthelometer .
Uninoenlatad tubse of broth from each pl uscd served as oontrolse A1l p H
determinations wers performed with a iSeckman pHietere 4l inoculsted tubes
wers inoubated at 37°%Cefor 24 hours. After incubatiom,the density of sus=-
ponsion in the tubes was asgain determined. The avorsge of the readings for
both tuhes of each pH was comsidsrod the result for that pHe The pH ab
which the greatsst defleetion was observed upon the ammeter was considered
the pll for optimum growth for that organisme
The results cbtained are Jdisplayed im Table 3.
veduetions s

The fellowing doductions may Ls mwds from the resulis
obbained.

1y The pB rangs for opbimum growth for 19 of the 22
oreanisme sbhudied was hobtwean G485 and 7.2,¢f which 12 gave maximum dew
Plectlon in tho pH Te? Lubhes.

2¢ The optimum pH for twe of the remaining organisms
was $o23 both organisms showed ood growth at 6,88 The optimum pi for the
pthor orzanism was 5,0 and 1t yielded & falr growth al 7e2

30 pH Te? was considersd the optimum for the three groups

of bhactaria abudled,



3 tetermination of pH of Chemicels and Xeamsats raporied ss incorpe

orated in enrichument or prossrvative Solutions nnd differsntisl

gulture ‘odia used in the Iselation of "rzanisms of the ibarthells,

o Yooyt 1o . R T
falvanoile and Shirqcllae proupne.

Chenleals and resgents roported to have beon used in both enw-
richment or preservative solutions for stoel speoimons and differsntial
eultures media used in the isolation of menmbers of the three groups of
orpsnisms were tested for pli in ssparate solutions in wverying concen-
trationz and in combinations, ((lasz distilled water wes used as solvent,
411 pi deterninations were mads with a Deckman plifeter in duplicats upon
the same sample and the aversps of the twe readings considered as the
Pinal rosction.

The chemiocals employed were the following:

Cherileels

Leostate,sodium,cpe
Chloride,lithium, epe

" s3081um,cpe

o L1 ,ﬂ‘ F'
fitrata,furrie ammoniun, pe

" aBO8im, e

Yegoxyohelate,sodlnn, pure,

ﬁly@arin,op.
sVU8Te
5 ,rg%.
‘mbhbile

”haaphat@,get&ssiuﬁ (dibesie),ope
(movobagic),cpe
" ,sadium {divasia),op.
" N 7 (monsbsszic),op.

5

Sulfate,ferrous,op.
Sulfite,sodium,ope
Tellurite,potassium,op.
watar,distillcd (stock)
{glase)

Phthalate,potassi'm, ane
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Ty
N~ ol

Cosin,¥ (¥atiomal inilins and Chewigal Uoe)

Yuchs in, seld [Toloman and Rell Coe
L4 o &M 13 { 34 # L] k]
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1e Chemionl Solutions Teste: and tholr pie

The results obialnsd are displayed in Tables 4,80 and €.

2o Chowmioal Solutions yleldine plf similar to Uotimm on

for Srowth for the § (revps of irganiswma,

2rilliant Green (1450000) pil Te2
Crystal Vielet (1180000) pil 7425
Potessium tollurite (CeCLT) in rodiuwm
e lordide (0.8B1) p¥ 7Ye2H
5081um ecelate (Oa%0) in Sodium chloride
{1o07) pi Tef
» Aosexyrh lute( 0ol ) « Ferrie ammonium
elitrate (017 ) in todlium clibratalDeb5R )
L A 3

Thicnin (131C0070) pi Teld

Be Teatine of Cherieel Solutions of 2(sbove) s-einst

rgenisme of the § “rovne,

The shomieal solutions listed nhove were tosted ageinst the pure
cultures,listed proviocusly,toc ssecrtain d&alpr offect vpon the orgenisme,
The following was the technigue empleove? : All orgonisms were teansplanted
to Heof xtraot Iroth Ager slants (pil Te2e7e4) and inebated st 37 Gfor 24

hourse From these slants,two additional consceutive dally transplants were
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made from each organism and simlilerly incubatede A suspension wse pre=
pared from each third daily transplant in sterile glass distilled water
{(pH 6.8)s The suspensions were filtered through sterile filter paper to
effoct homo;eneltys The density of suspension of the filtreates were

made approximately uniform with sterils glass distilled water employing
the loast dense suspension as "standerd", Plate ocounts were made of each
of the suspsnsions,after dilution,upon Endo Agare 0Oeloc.of sach sus=
pension was inooculated aseptiecally into separate one ounce “snap-cap"
zlass specimen bottles each containing 19.9 cce of sterile test sole
utiony All solutions had been previously sterilized in the containers
for 20 minutes at 156 pounds steem pr=osure and tested for sterility. The
bottle and contents wore agitated to insure a good mixture, After 1,4,8,
24,48,72 and 96 hours incubation at room tempsratura(al°-24°c.) 1.0 cce
of the contents of each bottle was plated,after dllution,upon Lndo Agars
The plates were inoubated at 37°C, for 24 hours and the number of typical
surface colonles present were counted and recorded. Typical surfacs col-
oniaes only woere counted since sush procedure made readily possible not
only the enumeration but differentlation of these pathogens from other
organisms in subseguent experimentse. The differentiation betwesn lactose
and non=~lactose fermenting subsurface colonies is rendered difficult due
to the close similarity of both types of colonies,when viowed with a

wusbec Colony Counter. Occasional fishings of typical surface colcnies

carbohydrate medis for verificabtion purposes. Gram stained smesrs were

alsc mads from the grewth upon Russell Uouble Sugar Azar. ¥rom the law of
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avarages it becomes evidsnt that the sbove procsdure in ecounting only
surfaoe colonies 1s a sound procodure since the rzlationship bebween
surface and subsurfecs colonles throuzhout not enly these but subse-
quent experiments approximetsc throughout ainece the same teohnique was
employeds This proessdure was usced with all test snlutions listed in
B & sbove and in sddition several other solutions,
The results obtained are tabulated in Tables 7 throush 28 and
are graphically displayed in Figurca 1 threough 22,
veductions:
From the abase zursening proesdure,the following
solutions yielded the results desired upon the orgsnisms teated:s
Solution 11 1 Sodium desoxyeholete(0457) + Ferric
T T ammonivm eitrate (0.17) in Sodium
eitrate (0.5%).
Selution 15 1 Jodium scotateo!{Qe¥’) in Zedium
T T ohioride{1.0%).

40 (1)s A Study te Determine which of the 2 "desirenble” solutions

R

wos the batt@r»&alouﬁive Jediune

In & manner szimilar to that descridbed in 5 3 above,Sclutions
11 end 17 wore sgain teosted mpainst the 21 pathogenie strains but this
time sinylated "infooted" stocl speoimons wers nend instendn of pure
rultures. Flete counts were made in duplleate upon Indo Azare

The results cbtsined are tabulated in Tebles 25 and 350 and

graphiocally displaysd in Figures 23,24 and 28,



veduction:
¥rom the ahove dats, it may be dsduoted that Selution

11 wag the botier seleetive mudiume

i§23‘§ Study to letermime the spproximsmte meximum ool Iwoculation

that mi:ht bhe emploved and yiold reasonsbly good Recevery of

tho pathopenie Qrg&nismﬁ.

In a manner similar to that employed in 8 ¢ (1) sbove, elution
11 was again tested against the 21 pathogenic strains in four d4if“erent
zeries but with the lellowing modifiesations,

Geries Ae (=)

7o tho best solution wes adied z "normal™  inooculum
of fresh uninfeeted stocle The bacterial inocula were in
reasensbly large numbers {liesults obteinsd from 4 8 {1)
uEsd here ).

Sarias He
™ To the test solution waz added e "normel” inooulum of
frosh wminfected stesles The baoterisl inoeula ware in
reasonebly small numbors.

Sories Ce
To the test solution was added twioe the normal” i{noce~
ulum of fresh uninfected stoole Thes bacterial inceuls
ware in reasonably small numbers,

Series D. ,

' To the test solution was added spproximetsly three
times the "normal” inoculum of fresh uninfeebed stoole.The
baaoterisl inoouls were in reasonably smell numbers,

The results obtained sre tabulated in Tables 20,31,3Z ans 33

and graphically displayed in ¥Vigures 23,25,26,27,20,20 and 30,

(#*) A "mormal’ inocoulum of fresh uninfected stoolwm that emount of stool
that will roedily edhare to the oud of a wroden epplisator sztiek{apo~
roximately the sige of & vaery small poa)s
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reduetion:s
from the above date,it may be deduetessd that the maximum
stool inoculation that would yileld reasonably good recovery of the test

orpaniome wes twios the "normal® inooulatioen,

Se A Comparetive Utudy to leternine the Best Tlating edium for Use in

the Ea@lmtimm.gg the ngaﬂiama.

Transplants of the 21 pathogenic strains of orpanisms were made
upon 2% Tuman Rleed Ager plebtoes and ingubated ab 257%Cefor 24 hours. A
transplant of cach organism wes made frem the plates to two Human Blood
Azar slantee The inoculatesd slants ware inecubate’ at 37°C, for 24 hours.
Ferom ons slant of sash organism, inosulstions were wmede into two tubes
eanh of Russell Double Sups r Agar,tryptone water, and the fellewing
soami-solid sarbokydrate medis s dextross,lactose,meltose,mannitol and
suoross, L Trem stsin(fucker lodifleoation) wae nale upon smownrs (rom
aach orzanisme A1l tubes were ineoubated at S?QC. for 24 hours except the
tryptone water,which were inoubetsd § days snd then toested for indole
production by the Cors Test,and the lsctose tubes inoculatad with Se.sonnsi
strains,whish wore inoubmted 4 days &t 5T7°C, with daily observation for
fermontations “otility teatir vwz made from an 17 hour broth culturs of
spoh oroanisme 411 organicms exeept Y.sonnel(l¥l)zave results similar to
thase obbalned dn A 1 o The resuvlts obtained fronw this strain vpon
Kuasell Touble fugear 2zer ware acld butt snd slant with cas and in laste
ose pemi-zolld moedia there wes produced an acld resction with no gas withe

in 24 hourse A1) other characterlistics were slmiler to those obtainsed fop
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this organism in A le Because of its acyuired charactoristic for laote
289, this organiswm was eliminated from ths onsuing seriss of experiments.
Th2 szocond Humen Blood Agar slant of sach organism was placed
ints a refrigerator until the tests descrived above had besn completed.
Upon completlor, a transplant of oach organism,except Se.sonnei{lSl) was
nade upon Humer: Blood sfgar sients end incubated at 397Cefor 24 hours.
The growih was suspended in storile glass distilled wmater. Ths suspensions
were fillterzd throurh sterile filter paper to insure homogeneity. The denw
alty of theo suspensions wore made approximstely uniform in & manner sim-
iler to thet described irn B 8 above. "Snap-cap” stoppered specimen bottles,
similer to those used in B 3 sbove,contalining 19498 coes of Selution 11 wers
prepared and sterilized at 1& pounds steawm pressure for 20 minutes. After
cooling to room temperature,the stoppers were snapped inte position and
the bottles tested for sterility. 4 plat count in duplicate was made of
each hacterial suspensior,after dilution,upon Reef Ixtrasot Agar. 4 0.1 cec.
inoouium of each orgzanism was made into separsie bottles and the contents
agiteted Yo insure a good mixbure. After 1,8,24,48,72 and 56 hours incu=-
bation at room tempersnture (219-240C.), 1.C gc. isccula from sach bottle ,
after cilutlion, wers plated in duplieste upon esach of four differential
media carried in parrasllel. The media were legoxycholate Citrate A:ar,fndo
pgar, “zeConkey Aiar snd 55 Agars All plates wers incubated at 37°¢. for
24 hours and typical surface colonies of each organism were ocounted.

The results obtained are tabulated in Table 34.
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Deduotion:
m—n-;inm
Under the conditlons of the axperiment,it may be dee
duoted that Endo Ager was the best plating medlum for use in the iso=

lation of the members of the three groupa of orgsnismg tested,
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(67)
It hes been reported that among the organisms more commonly

found in the large intestine of man are the coliform bacilli,enterccocci,
staphylocoocci of both the aureus and albus variety,ansercbic spore-bearing
organisms such as Clswelchli and Cleputrificum,acidurisc bacteria including
Leacidophilus,thermophilic bacteria,spirochaetes anid yeasts. Less frequent
are Proteus bacilli, Ps,pyocyanes,organisms of the Friedlander group,and
aerobic spore=bearcrs such as Besubtlilis and Bemesentericus, [us to the
rich organic substrate upon which these bacteria have available in the
large intestine for proliferation purposes,it becomes evident that the
flore of feces would be both abundent in numbers and varied in natures

In genersal,the three groups of bacteria concerned in this investe
igation may be considered "nonwelactose fermenters™,in that they donot fere
ment this earbohydrate in broth within twenty four hours when incubated at
37°Ce The Shigella,however,includs the sonnei strains which usually fer=
ment lactose after several days incubabion and are termsd "slow lactose
fermenters"., The sonneil strains,in the absence of & more adequate olass=-
ifieation, have been included with the Shigella end from a praectical stande
point of primary isolation mey be considered eamong the "non-lactose fere
monters.” As “‘nonelactose fermenters,these pgram negative pathogenic or-
ganiams may he readily distinguished from the more common gram negative
non«~pathogenic coliform bacilli that ferment lactoze; from the gram pose
itive enterocecci,staphylocococl and anaerobic spors«formers by the Grem
stain and morphology and their ability to ferment lactosesand frem the

gram positive aerobic spore=formers by the Gram stain and morphelogye



Because of their ocharacteristic for lactoss,these three groups of organe
isms may become readily differentiated from lactose fermenters upon such
differential medla as Indo,YacConkey,S5S.,lesoxycholate, Lesoxycholate
Citrate,losin Fethylene Blue and Bismuth Sulfite Agars that contain ine
dicators in sddition to lactose,that meke possible reasonably sharp 4iffe
erentiatione Lactose fermenters usually are detectshle ss reddish colored
colonies wherecas nonelactose fermenters ere colorlesse Upon Bismuth S.ifite
Agar the Shigslla organisms grow poorly at best and because of this faet,
this medium has not bsen indieated where the isoclation of the Shizella has
beon concerned. Non-lactose fermenters upon this medium usually develop a
blackish eolored colony dus to the deposition of FeS which had been effected
by the reduction of the sulfite present in the medium Yo sulfide in the
pressnoes of glucose and an iron salte

Since these organisms are usually present in the feces nf ine
dividuals infected with them, it becomes evident that in the search for
these organisms, stool specimens be subjscted to bacterioclogical exeme
ination as well as other types of specimense The manner in which thess
specimens arrive at the laboratory is largely dspoendent upon the nesrness
of the laboratory to the source of materiale Frequently where ths inters
val of time involved in transit is small, the spscimens are submitted in
a fresh state to the laboratory,as is ‘one in hos»itals and clinies where
laboratory facllities are at the Imstitutione. In these institutional lab=

cratories,there is usually employed a sslective snriciment medium upon
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receipt of the specimen, Amonz the enrichment medis more comronly used

are Selenite F iroth and Tetrathionate Eroth, in which the ususl coliw
forme and gram positive cocci are inhibited thereby permitting the pathe
ogenic organisms sought to grow unrestricted upon transplantation to a
differential plating medium and thereby become readily detected. The use,
however,of the former named medium is impracticel for use whsere an exanin -
ation for the Shigella is indiecated because of its toxie sotion upon these
erg&nisms(S).

"hen the interwval of time from source of material to laboratory
is not reasonably short,the specimen is considered one for a fdelayed ex=
amination., Since fso-s contains readily putrescible material and the more
common intsetinal organisms quickly outgrow the zsathogens sought(ZS)while
in transit, there is indicated for use & solutiocn that will ®preserve" the
specimen until 1t arrives at the laboratorye The use of "preservative”
solutions in this country,among State Public Health laboratories,vsries
from a zingle sclution for specimens of all thrse groups of bacteria,te
no preservative for sny group(Table 1.).

Among the "preservative®™ solutions most commnonly employed in
this country are the following in the ordsr of thelr sppearanss in the
literatures Teague and Clurman{ Glycerin Saling)(es),ﬁavens and Yeyfield
{Lithium ehlnrid?- glyeerin auline)(ze) and Greenfield{ Phosphate buffered
glyocorin aalina)\zz). In all three solutions glycerin was recommwended for

its bacteriscstatic action upon the nonepathogenic coliform organisms, me

fortupately this action dossnet stop there but becomss general throughout



tho specimen and the pathogens sought becoms subjeet=d to it resulbting
frequently in the inaebility to recover them upon the application of the
toehnicue for their isolation. Because of itz variation in pi,not only
among the wvaricus grades of the substance but amons the various batches
within the same grade,from pH 4,0 to pH 5.0(5),thia chemical csn bhe quite
toxiz for the pathogenic orzanisms conecerned. This general bacteriostatic
action is an undesiresable fsature since the fastidious strains from tho
thrse groups,especially from the Shigella,become reduced either in numbers
8o few ag %o elude isolation or become completsly suppressed or inhibited

Tables 15,16,17,18 and 20). Of the three solutions,Gresnfield's solutim
may be considered as approximating the desireable medium in but one re-
spect,i,e, the adjustment of ths pH of the selution to 7.2 before use.
This pH was found to be the optimum pH for growth for the members of the
three groups in cuestion (Table 3.)s The addition of lithium chloride by
Havens and Mayfield as a seclective bactoriostatiec substance for the colie
form baoterie has not yielded satisfactory results where members of %hg
Shigella ars concerned due to its toxic action upon these arganisms( 8;.
Then,too,the dissoclestive action of the salt upen members of hoth the
soliform and enteris groups of bacterias,hes increased the possibilities
for feilure Yo readlly debtaect the organisms upon differsential plating
media thereby decreasing its popularity for use.

In the development of a selective preservative solubtion for use
upen stools for dslayed exenination, it is evident that sinee the pH of
the suspending or culture mediuvm plays such sn importent role in the meine
teinance of opbtimum growth conditions for bacteria in ganera1(67),it

should be sgually as important for preservative solutions to have a pH
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gimilar to the optimum for growth of the organisms upon whieh it is to
act in order that the organisms might have as near optimum conditions
a8 possible for reactione. This fact has been emphasised by Greenfiald(aa)

(8){25)(26)(55)
and othars o It therefore becomes a logiecal approash te
& soluvion of the problem that the optimum pH for growth of members of the
Eberthells,Salmonella and Shigella groups should be determined and that in
its process as many strains of each group be employed as possitls to make
possible a wlde range for informatione Lue to limited facilities,it was
felt that the use of a total of 22 seleotsd strains(21 pathogens and E,
eoli) would bo sdequate for thia investigation.

Amonyz the oriteria for e reasonsbly satisfactory selective pre=
servative solution for members of these groups may be included the folle
owings

le The medium should have at least a bactericstatic effect
upou those groups of organisms,the presence of which mi;ght interfere with
the recovery of the individual pathogenic inoitants soughte The medium
should not be too inhibitory for the un&esireab%& organisms as to effect
the desireable organisms in a similar manner(252(67).

2e In being basteriostatic for the "undesireable"organisms,
it should make possible the mainteinancs,at least of the desireable ore
ganisms in either a condition of status quo while in transit or permit
them to proliferate thereby meking possible their ready isolation upon
receipt in the laboratorye.

3« The medium should have & pH similar to the optimum for

growth of the organisms for which it was devised.
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4e Thn ingradionte should be peadily avallable,the solution
aomparatively easy to prepers snd the sost thereof shoul? not be prohibe
Ativee

Ba 4 reasgnably sstisleotory rodivm should malz poseible the
rocovary of not only the gturdler manbors of the groups of baotoris ine
volyad but thess that are more Meetidlous sinse the prestize catahlished
by & lsboralory for socursie sad depanduble pesults e 4o o larre degres
prodionted by the mmber of isolations meds in "borderline” carvs or cases
in whioh the olinical diaps-ouis hag boon in Joubts

€e Thare should by evallabls information convernin: tho mare
imum stool Inooculum Yo beo uged that will yield good reosevory of the argane
fovm soughie

Prom the date svbmitied in this discertation, it may be Jedustod

that a solution of fodium desoxyvoholate{0,5.) + Ferric emonirm oltrat.
{Gel7) in todium oitratel{0e57) at pi TeZ and prepared in slase 4lstilled
wenbtar fulfills the ebove eriteris in thet

le In general,the solution maintalned o condition st losst
ef ntatus gue for ‘ho pathogenio strains used and seted in a "ptimdatory”
mannoy uponn others, partioulaply the Tagtidious stpeine(fedysentorias 11
st B35 and feparedyvsentorias £1) when emplored inm beth pure culture end
ginmilated “infected” sbool speolmens{Tablss 7 throuch 20, ;s Tebles 20,31,
%8 mnad 50

Ze 1% uxerted s baotoriostatie sotion uwpon the norl feoal

flors over a peried of 4 days,the ususl waximm period for keapinr spsoe
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imens in Public Health Leborstories (Tables 29,31,52 and 3%).

3. The fact that the solution chosen while selsctive for the Shigellas
iz not too highly toxic for the coliforms,a closely rolated group,would ine
dicate that it migsht not inhibit the most fastiéiuué Shigelles.

4¢ The solution had a pE 7.2 which wes similar to the optimum
for growth of members of the three groups of bacteria involved.

5¢ The ingredients employed in the solution are readily awilable,
the solution is ewusily prepered end the cost thereof is not prohibitive,

6¢ In the use of this solution,information iz aveilable concerning
the maximum stool inoculum that will yield good recovsry of the pathogenie
incitants sought (Tables 292,%1,32 and 33).

It is stionsly felt that sny solective proservative solution proe
posed for use upon stool specimens for deisyed examination should be given
an opportunity for eveluastion ogseinst other methods already in uses Such a
procedure was included in the original plen for this investigetion,but
owins to ciroumstances beyond control of the author,it wes not possible to
conduct this part of the studye It is the intent of the author that if
and when an opportunity should present itself in his new capacity,a field
study will be underteken,

Leirson reported that 'the effect ol sodivm desoxycholate on the
growth of baoteris was similer to that of bille but much more pwwerful“(sg).
He showed that in a broth or agar medium at pH lower than Te5,gram positive
beeteria failed to pgrow during the first 24 hours after incculation,if the

medium contained st least a 0.1% concentretion of the bile salte If the pH



was raisod above Teb {746 =3.0) many types of graem postive bostoris
erag,and grom narative baeilld booemo Inhihitods Tha range botweon Jebe
Toh wum tho optimm for solsotion of grenm nocetlive an? inhibibion of sram
poslitive baotorine loifson also shownd that a conoentration of 0o medium
oitrats when ndded 4o an infusion sper oonteining C.5) sodium desoxycholate
hed o bactericetetiec setion upon mowhers of ths Aerebhasoter, scherichia,
sitrobhneteor and Protous and ss the conocontration of the cltrate sell was
inepsuged Lo 50 the Inkibitory efTect wus ilnorcaseds 7t hne been roporded
that modie containing Z.5«3.07 sodium citrate have a marked doliteriocus
of "ot net only vpon undesired miorcorganisms but alse zome of the desired
B8){24)(47)

onos, partlcoularly mombers of the Misella group e In the proe
senes of forric amsonium eltrate tho texleity of the medium for somw of the
intestinal pabthogons W roducsd and the inhibitery sotion em the eolon
haollll hocomse em?zma@éw ; & solution of Q57 sodium desoxycholete and
Oel’ Porrio amonium citrats in 0,50 sodlum eltrate,in gless J4stilled
watorgat pil 7.2 excrted a beotericstatic effeet upon the baoterial flora
sf normml foees snd had 1itile or no delitorious offect on the pathogenioc
or oo etudled{ Tablee 23,825,286 and 279).

in the uze of the four 2ilfsrential media corried in parallel for
the leolation of the pathopens from sinulated spoelmens,it was obsorved
that with 'ndo spar the boe! recovery of organisms w=ms ohtainade Upon this

mediu- all pethopgons studied wores encountared in goodly numlers and resdtily

dotcoted upomn the surfeas of the mediums 11 organisme were rocoversd upos



85 Agar but generslly in smeller numbers than upon Lndo Agar(Table 34).
In the use of lmoConkey Agar, 10 or 507 of the organisms studled were
not recovered whereas with Lesoxyocholate Citrate igar,2 stralns of Se
sonneil and & fastidious strain of S.dysenteriae(16l) were not recovcred
upon the surface of the meaia, OWher memburs of the Shigella,except S,
paradyssnterise,grow poorly at best thereby cenflrming the results obe

(8)(23)(24)
tained by other investigators .

51



Vo SUTMVARY ANL CONCLUSICHES.

2

A survey was made among State Public Health laboratory Directors
in this country,Hawail and Puerto Rico to ascertain whether specimen con-
tainers for stool specimens suspeetsd of being infected with members of the
Eberthella, . almonella and Shigella groups of bacteriam were made availeble
to the medical professiong the prescorvative solution used in these contain~-
ers for sach group and whether the solution used was yielding setisfactory
results from a “"recovery of organism" standpoint; whether research was bo-
ing conducted concerning the develcopment of a single preservative solution
for all three groups of specimens and whether the development of such a
solution would help to simplify and improvs their laboratory services.

From ar analysis made from the data compiled,the following faots
becams established: Keplies had besn received from 35(72,57) of the 48
questionaires sent outy 285(71.47%) of the laboratory directors reporting
were employlng the same preservative sclution for specimens of the three
groups and that 15(76%) of them were dissatisfied with the results obtained
from its use; 27(77.17%) of the directors reported favorable opinions as to
whother a single preservative solution would simplify end improve their
laborstory ssrvices, 2 (5.7%4) reported unfavorably, 2(5.7%) expressed
doubt end 4{11.3%) failed to snswer the quedtion. From this analvsis,
it wes svident that there was a necd for such @ prescrvative solution and

the undertaking of this investigation was justified and practicsl.
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A resume of the litsraeture pertaining to ths subject wes msde,
particularly as it relsted to the enrichment or sslective media reported
as employed in the isolation of membors of the three proups of bacterie
from stecol specimens for delayed cxamination.

Twenty one strains of organisms,members of the three groups,
ware recéelved from the Marylend and Lississippl Departments of Public
Fealth and Universlity of Farylande A strain of fe.coll was isolated from
a freosh uninfected stocl specimen. The orgenisms were purified and checks
ed for their cultural characteristics. The pH range for growth for each
orpanism was determined in ZJeef Ixtract froth ranging from pil 3.5 to 1C.1
at approximately O.5 intervals. .ll pi dsterminations were mads with a
Seckman pilieters. The density of growth for each organism,at each pH used,
was dotermined by means of a photoslestric nephthelometsr. The pH at whieh
there was the greatest deflection upon tho ammeter was considered the
optimua pi for zrowth of that organisme The optimum range for 19 of the 22
strains uced was pH 6485 to 72 of which 12 showed maximum deflection in
the pi 742 tubss. Of the remaining three strains, two save maximum deflect-
ion at pli 6.2 with reasonably good growth at pll 6435 and 7.23 the third
culturo gave maximum deflection at pH 8.0 and with but fair growth at pi
TeZ2 o pil 7Te2 was therefore considered the optimum for growth for members
of the throee groups of bacteriae.

The pE of both echemicals and reagents reported as the principls
ingresients in preservative solutions and differenital media used in the

isolation of the members of the threc groups of bacteria were determined



in 2in le solutions »7 wvaryin; sonesnirstion and in corbinetions
therools Tloss diat’ lled-wter sag smployed as the solvent im ench
ongse -olutionz that ylsldsed & pi of 7Te¢2 were as follows:

trillient green {1:50000)

crystal vielet {(1s:B00CO)

Potassium tellurite(0.017) in fodium chloridel{(e.B887)

Codium aestabte(Ce®i) in lodlum oiloride (1.07)

Sofifum desoxycholate(0.5}) ¢ errie amoaiun eitrats

{0eX4) 4n Jodium oltrate {(0.57)

Thienin {1:100000)

Thess golntions in addition to soversl osthers,making a totel
of 18,wory tosted againet the pure oulturss to assertain thelr sffeet
uper: the osrgarizas b the ond of 1,4,8,74,48,72 and 98 hours inoubation
ub room temperature (21%=24°C) by snumerstin; the typieal surface cole
onies of zeoh orpaniem cbusrved upon ‘nde Agar pletess Two solutions
wore obtolined thet yieldod,!in genersl,a®stimulatory”™ effect upon the
pathopone,particularly ths fastidiour strains of {efys nterles(lfl an’
629} and Lepapadysontoriee(21)e These solutions wore:

solution 11
“o8iwm desoxyoholate(0.5/i} + Terrie amoniuvm
eitrate{0,17) 1n Jodium oltrate0.57 ),

~olution 15
“pdimm acotote(0u%1) in lodium ehloride!l.07 ).

To determine the hetter ssaleotive solution,the Ywo solutions
wore again testod apainst the 21 pathozenie strains in a renner zimiler
te that empleoyed previously except that in addition thore had bhecn adled
to exch bottle ¢ "normal’ inocoulum of fresh wninfectesd stoole Jolution 11
wag cbearved Lo effeet the botteor zalective sction in exorting & bactere

iostatic sotion upon the coliferm orpenisme over s poriod of four days



theréby permitting the pathogens te grow roasonsbly unrestricted. Sole
ution 15 didnot exert as marked s bacteriostatic action upon the colie
form organisms.

Solution 11 wes again tested ageinst the pathogenic strains to
determine the meximum stool inocculaticn that would yield reasonably good
rocovery of the organismse In these experiments,both the bacterial end
stool inooulations were veried in concentretion as follovws:

ceries A
to the test solution was added & "normal" ine
oculum of fresh uninfected stool.The bacterial ine
ocula were in reasonably large numberse
Serles B
to the test solutlion was added a ™morneline

osulum of fresh uninfected stool. The baocterisl ine
ocula were in roasonably smsll numbers,

Serieg C :
to the test solution was added approximately
twiece the "normal® inoculum of fresh uninfected st
oole The baocterial inocula were in reasonably small
numbers e
Series T
to the test solution was addied approximately
three times the "normsal"™ inoculum of fresh uninfected
stool, The bacterial inoccula were in ressonably
small numbers,
It was obssrved that Solution 11 yielded good recovery of tho test organisms
in the presence of twice thes ™normal"™ inoculation of stoole This volume was
considered the maximum limit for inoculation purposes.
To determine the best selective plating medium to be used for the
isclation of the organisms from sirulated "infected" stool spescimens,Series
C was repeated and in addition to Indo Ager as plating medium,lesoxycholate

Citrate Agar,lacConkey Agar and S5 Agar were carried in perallel, A11 gim-
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(*)
Analysis of Data Compiled from Survey of State Public lealth lLaboratories .

Rumber of Questiocnaires sent out 4%
" " " received 35(7249%)
1, Laboratories providing services for all 3 groups of bacteria 32(91.3%
f " " " Eberthella and Salmonella groups 1( 2,9%)
. . " " " group only 1( 2.9%)
" " no services for any group 1( 2.9%)=35

2. Preservative Solutions used for Eberthella group (by laboratories) 1

30% Glycerin in Physiological Saline 10(28457%)
" " " " " (buffered) 2( B5e7%)
" " ® 0s6% NaCl (buffered) 1( 249%)
" " " pistilled water 5(14.2%)
. " 046% FaCl 2( 547%)
" " " Distilled water + Brilliant Green(1:400) 2( BeT%)
" ® " Physiologioal Saline + 0¢5% LiClg 3( 8.5%)

50% " " 1] » 1( 2.9%)

10% Oxbile " Distilled water 1( 2.,97)
" + 0.5% 1iC1 2( 547%)

Unddluted Oxbile 3 2( 5eTH)

Ko Preservative Used 4(11.3%)~35

Llaboratories satisfled with present preservative solutions

yes 25(71447)
ne 7{2040:)
doubtful 1( 249
8o reply By BeTr;

%, Proservative Jolutions usad for Salmonella group (by laboratories)

30% Glycerin in Physiological Seline 9(25,7%)

" " " " " (buffered) 1( 249%4)

# " * 0.6% FaCl 2( 5.'?%)

" " " " *  (buffered) 1{ 249%)

" w " pistilled water 6(1402%)

" " " . " & Brilliant Green(1:400) 2( BeTh)
507 % " Physiological Saline 1( 2.9%)
104 Oxbile " Distilled water 1( 2,97)

n n " DoB Licl, 2( B5a7%)
Undiluted Cxbile 2( BeTH)
¥o Preservetive Used 4(11.37%)
No Reply or Net Performed 2( 5474 )=35
Laboratories satisfied with present preservative solution s

yes 21(60,0%)
noe 5(17;11’}
doubtful 2( 547%)
no reply 6{(17417)=35
4, Preservative Solutions used for Shigella group (by laboratories) s
30% Clycerin in Physiological Saline 10(28,5%)
" . " " " (buffered) 2( 5477%)
" % " " ¢ Na Desoxycholate (buffered) 1( 2,9%)

" " " Distilled water + Brillient Groen (1:400) 1( 249%)

" * " 0.6% NaCl 3(8s 5%)

" " T Distilled water 3( 8e57%)
Bop " " Physiological Saline 1( 2,9%)
306 " " 0e5% Lic1, 2( 547%)
1@5 Oxbile + 005% MCIS 2( 5'7%)
¥a Desoxycholate=Citrate (Bangxang) 1( 249%)
Yo Preservative Used 5(14.2%)

No Reply or Nok Performed 4(11,3%)=35
laboratories satisfied with present preservative solutien 3
yos 11(31.,77)
no 11(31.7.)
doubblul CYS TN
no roply (2245 w85
B, laboratories engaged in resesrch con-erming the roplacement of present proserve
atives with a more satisfectory one 5(14427)
Dissontinued or Indefinite 2
Contomplated 3
Laboratories not engaged in research 30(854T% )=35

laboratoriss undertaking research for a single preservative for 3 groups but which had been
disoontinued 2( BeT%)

B¢ laboratory Directors! reasction re effect of single preservative for 3 groups upon
laboratory serviee rendsred :

help to simplify and improve service 27(771%)
will not help to simplify and improve service 2( 567%)
doubtful as to effect 2( BeTE)
no reply 411,37 )=35

(%) Date quesyionaires mailed : February 21,1941,
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Cultural Characteristies of Organisms,
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sedysantorise -
s 5 Alke Y - - - - a w @ w e puds ® w . 3
n, 7 {315%} A Alke A @ ™ =S - Y A = = - i‘:dﬁ - - - EE'P-
Se " (540) A Alk, A - - - - 3 A - » w prods - - - type
Se " {liys¥ay) A Alke A ® e = - A = e e e pods - = - type
Separadysent -
erise (19) A Alke A @« « « « @« A A = = rods - - - type
Se ™ (21) A Alks A - - - - a e 4 - o jrods - - © type
te " (B5451) AAMlke A ® @ = ® ® A A ®w ® pods o e - tyDe
fe " (1=30E) A Alk, A ® » = - £ @ A =» o pods - = - tyDe
-3 -
Sesonnei (10) A Alk, A ® @« 438 e ® A A e e pods - - « type
a -
Se " {11) A Alke A & o %8 e 8 & A = o prods - - - type
a -
Yo " (191) A Alk, A o = 33a = a A A A « yrods - = - type
6 -
Se * (SonUlC) A Alke A o o 43 e « A A @« = pods e = - type
A o
Eecoll AG A ARG AT & AG = elot A0 AG & A0 rods + @ - type

a
AC ®» dold + Gasy Ag = Acld + slight gesy A = Acidy & = slighl acld; 3da = slight acid 2t end of 3 days; = =
no growth or reactiony rdds = gram negative bacillis type= typloal colony formstion for the groups + =
positive; + = slight HpS production,
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Nephthelometer Readings of Growth Densitles at Varying pH in Extract Brothe

L+

2l

32

5 | 4

[ 3+ o

.m.ww.w 50.%082%260605..“.,

Bk HA mleleldld ||l Id|a]lall

Organisms | |

Eebyphosus (B8) 5040 | 4065 | 4845|4845 70e 58340586040, 082 545 048,549 ¢5
Fo " (Rawlings }50,0 | 4945 | 49,5| 48,5 21e528¢ B4o (34e Ble (i5e54645405
Fe " (Mayfield )50, | 4045 | 4B45|48,546, B0s 27e 32, 304 (L, {48,549, 49,
Secorytryoke (Aer) 50, | 49¢ | 4805|485, Ou 2853353645400 (345880 545
Sesnteriditis (Ent) BOs | 49s | 49 | 48,44 295 132,538 |38 1424 [464 1494 [0
Separatyphli  (A34) 505 | 40e5 | 4945|49. |49 34, 38e 406 {424 [48¢ (48540515
Seschottmuellerl (B)  [50e | 49¢5 | 49¢ |48.546, 3le 2845326537 ¢51406 UGs 4045105
Setyphimurium (TH) 50s | 4945 | 4845| 48,546, 300 [28s 32, 364530¢ A3, B6454945
Sedysenturias (161) 50p | 4945 | 4945 49, 48, 884535, (59 [4345/484549,549454946
Se " (639) B0s | 4945 | 49,5|48,548, 375354 [31¢ 28, (564 de [1Be520e5
Se " (840) B0s | 495 | 4945 48,548, 31s (26,539 (41,548, 48,549, 4945
Se (Dysay) |60s | 49,5 | 49,5|48,54 344 Ble (384540, 4645484540 ,5(4945
w'ﬁﬁﬁﬂﬁm\m@ﬁwﬁn«gaﬁﬂwv MO. 4945 4ABeH| 48, 48, mmo umn ,mmemwwt 47 ¢ mﬁmcmkwom
S, " (21) B0s | 4905 | 40.5|48,4548, 37.535, 20.542, @m.mbm.qgw‘mwg.m
Se " (85451) B0y | 4945 | 4045|48,54 22,59%6, |40, (42, 843,940,540 45
¢ ® (1=B0E) |5Ce | 4965 | 404 | 466548, I5q B2¢ (364 pw.&%mc 4545149 540 45
8¢ " (PeraliC) (50, | 4945 | 494549, 37s 326 |392543,549, 054945
Sesonnel (10) 50¢ | 4945 | 4945(48, 31, 836364 [37e543e54686540¢ 4945
Sa ™ (11) 50e | 4945 | 294548, 2d, 38, |40, 43¢ USe 476 484D m.c
Se " (191) 50e | 495 | 4945|490, k¢ 31y [34e (41, [44a H6oB4BL 54045405
Se " (SonliC) [50e | 40e5 | 4045|48,548,543s 39¢ [34¢ |30, 354 [40s UBs {464 (126540474945
Fecoli 50s | 40s 49, |ABH1B AT B3 T o532 (204 [24, [28+554s [304s 40, U5e 149,

-

0L
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TABLE Te

iPPeet of Test Solutions upon Febvonosus(58).

Solutions(*)

Tlate Counts 1in ThougAnds

Initial lure

4hrse  Ohrs, 24hre .

AT
GRS .

Tehrs.

DEhre .

l.Distilled %ater{stock)

2. * * {(zless)

540,85% HaCl,cp.

44307 Glyeerin,ep.

Bed0n " Tt

Be30% »Tts in phos-
phate bulfTered saline

79305 Blresrin,ratew Cry-

stal Violet(1:50000)

e F oy » : - e
S5450% Glveorin,rpted 3rille

fant Green(1:50000)

9.0rilliant Green{l:50000)

10.Thionin(1:10C000)

1l.%a Dernxycholate(0.8: )4
Fe(llig) Citrate(C.1%)in
Ko Citrate{U.55)

12.5a Desoxycholate(0.57)
in ¥a Citrate(V.5%;

15. (8) + (11)

14,5 besoxycholate(0.57%)
in %eCl(0.855)

15.5a Acetate(0.3%) in
18C1(1,0%)

16.KB{0.017%) in BaCl(0.084)

G30
12600,
24000
10000,
12750,

10000,
22750,
20500

8000,
13000,

1200G.
4000,

o200,

24500C,
24500,

300,
1260,
20000,
800a
€280,

10000,
3000,
4480,

13000,

520.
550G«

100C0,

5050 «
4900,

26C00.
L0000

12, 042
900, 700
13000 12000,
4600,
T400,

0406
300
3000.
18C0.
3500

520C.

5500. 5000, 3300

4000, 6000

10000,
3000

10000,
4000,

2000
380,
4o

2000. 12000,

04004

18000, 20000,

4400 128G, 300
240004 28000, 40200,
40004 1000 1248

0.0
70,
600
£100.
2200,

1680,
14G0.,
7100,

1,

Ced

Ca0
204
300,
440,
660G,

910,
590,
2440,

O.

Ba

G TaTATR
L2000«

OeC

0.0

447
100,
700«
540 -

280,
420,

2400,

(#) diluent was

plesg digtilled water except as iondiczated,

Ld
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pffect of Test Selutions won S.nervtrveke(Aer).

Plate Counts in Thousands

Solutions(*) Initial lhr, dhrs. &8hrse  24hrs. dBhrs, Tohrse  G6nrs.
1, Distilled Water(stock) £00. 260, 340 0.0 0.0 0.0 0.0 0.0
2. " " (plass) 2000, 100, 2. o7 O Co O O
Ze 0.85”2 25\901,0}?0 6000, 10000. 1940 3&Q. 100G, e 1, o2
4, 20% Glveerin,cp. 128C. 2000. 2500. 2000, 8500, o8 003
5, 205 " S i 10660C. 9000, 43G0, 8400, 2900, BOO 300, E1VN
Bs Z0L " sTibs in phos=
phate buffered saline 52000s 100000, £3000. 70000, 4100, 348 110, 7O
Te 30% Glveerin,rizte#Crvstal
Violet{1:5H0000) 5000,  9000. 14500, 118G, 1060, 00 20,
Be 205k Glreerin,rit.e Brills
iant Green{1l:50000) 20000, 20000. 10000, 1610, 1080, 24, 20, 068
e Hrilliant Green(l1:50000) 7500, 5000, 30000,  10C0. 200, 3 0. 0.
11l.Na Desnxvcholete{C.04 )4
Fe(iil glitrate(C.lj) in
ia Citrate(Ce5x) 600G,  21C0.  2000. 4300, 3800 45000,  38000.  €81CC.
12.%a Desoxycholate(C.8%) in
Yia Citrate(0.50) 8500, 3000, £000. 12000, 2000, 1700,
13+ (5)4(11) 4000, 750,  3300. 1800. 10000, 400C, 39, 9
14,58 Desoxveholate(0e.5%) in )
%8C1(0.55%) 14000, 4280, 6000, 4120, 3900, 4100, 4800, 5100,
15,58 Acetate{0.3%) in HaCl
(1.07) 9250,  9000. 4920. 2000, 3100, 5100 £200. 12400,
6eKT(0.01%) in 1all(0.857) 9250. 2580, 580, 180, 13,4 «CB3 0.0 Ce0

(#) dilvent wes zlass distilled water except as indicated,
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Sf'fenct of Tesgt Solutiors

vpon Seenteriditis(fnt).

mp—

Tinte Counts in Trousends

Solutions(¥) Iniiled lice Cirse  ONCBe 2ONTE . 4Chres TohrSe  JourSe
1. Distilled Water(stock) 750 23 Ce€  0aC 0.0 0.G e 0.0
2‘ " " (glﬂFS) 1120. 80. 61; 20 o& Q. On C‘.
2. 0.85% ¥all,cp. 14000, 1950, 720, 20, 1. 5 o5 .1
4, EO}; g‘l}’eﬁrin,fl?‘ 8000, 10000, 10000, 3300, 3000, 220, 10, 1.9
5e 304 " sTote 4000, 630. 1900. 1083, 20C, - 200, 49,
6a Z0% sTgte in phoge

vhate buffered saline 8300, %900, 8200, 7200, 5100, 1480, 1450, 180,
Te 204 Glycerin,rzt.4Crystal

Violet(1:50000) 8000, EOO0. 3700, 200, 20. 20. 20
8¢ 204 Glycerin,rgtadirill-

iant {sI'EQn(leOOUO) 135(: ° 7000o 900 E00 . 280, 1.2 «015 Do
9, Erilliant Green(1:50000) 20600, 30000. 20000. 9000. 11C. o O, O
10, Thionin(1s10000C) 10750. 600, 80, .9 0. Oe O
11.Fe Desoxveholote(0,5%)+

Fe(ila) Citrate(C.17)

in He Citrete(0.5%) 145060, 3580,  ©000. 8100, 8000 18000,  20000. 20200,
12 ,Hs Desoxvcholate(0.57)

in Ne Citrete(0.5%) 9500, 10000, 12000, 14000, 8000, BOO.
Zo (5)4(11) 4000, 830, 1900, 103, 200, 200, 48,
14,58 Desoxvcholate(0.E7)

in ¥aC1(0.85%) 12000, 13000, 4300, 1800, 1400, 1100,
15.Fa Acetate(0.3%) in

aCL(1.0%) 11000, 1000, 1420, 1. e 72, 500
15, X7(0401%) in 2eC1(0,857) 11000. 1320, 2020. 480, 42 .8 4, e

(#) diluert was plass distilled water except as indicated.
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TABLE _§§_e

Effect of Test Solutions upon S.eonnel(191)

(#) Plate counts in thousands
Selutions Initial lhr, 4dhrs. ; 8hrse 24hrs 'Y 48hrs, 72hrs ® 96hrs.
l.ﬁiatilleé Vater(stock) 400, 12, e 2, o012 0.0 00 0¢0
2. " " {(glass) 4060,  600e 400, 120, 27, 1.8 $ 049 00
%o 0,85% NaCl,cpe 6000s 5000s 1000, 150, 30, Te 47 2e
4e 304 GIYGSI'M’ CPle 72004 8000, 810. 2. 9012 000 080 00
Be 304 ,rgt. 60000 530. 1?00‘ 58. 38Q .9 .008 0.0
6e 30% " ,rgte in phosphate
buffered sallne 8040s 9000, 750, 500, o8 00 060 0s0
Te 307 Glycerin,rztesCry=
stal Violet(1:50000) 4000, 3000 1000, «09 «012 «008 00
8e 304 Glycerin,rgt.+Brill- ‘
i&n‘h Green(lsSOOOO) 2000 180, 80, 50, 50, 9 0.0 0e0
9e Brillisnt Green(1:50000) 5500 4000, 3000, 2000, 200, o8 00 0.0
lO.‘I‘hienin( 11100000 ) 8000¢ 1500, Ta ] 00 040
11,¥a Desorycholate{045% )¢
Fe(NH,) Citrate(0.s1%)
in Na Ci‘trate (GQW) 10000. 400. 40. 1100 1200. 890. 100.. 0093
12,Na Desaxyoh&lata(O.ﬁﬁ}
in Na Citrate(0.5%) 13000. 15000s 11000, 1000, 3 040
13, (5)+(11) 6000s 540 4900, 2800, e 12 0e0 040
14+Ha Desoxycholate(0.3%)
in NaCl(0s85%) 13000, 1200 780, 320, 9 040 0e0 0.0
154Ha Acetate(043%) in
NaCl(1,0%) 8600 860, 740, 326 2 0,0 040 0e0
16.KT(0601%) in NaCl1(0485%) 8500 60e 24 9 040 040 040 0s0

(*) diluent was zlass cistilled water except as indicated,

Y%
26



TARLFE Elo

Efi'sct of Test Colutions upon Sesonnei{Sen UC)s

Plate counts in thousands

() ~ -
Solutions Initial 1hre éhre, 8hra, 24hrs, 48hrs,. T2hree - 96hrae
l.uistilied Guter (sbonk) 720, 9544 0.8 0.0 0a0 0e0 Dol 0,0
2o " " {glass) 3060, 600, 100, 80, 12, o8 o077 0e0
%e O 085@2" §a01,c§} 28000, 20000, 2000, 1470, 1?13. B, 25. 540
4o 307 wlynsvln,gg. 10000, 11000, 10000, 9200, 4750, 7600, 20006 3300,

5‘ ng ) ’r@ta 18000. 1?0@30 183003 1220{3. 8399. 106{3‘. 72{). 1900
Be 300 " ,rgtein phosphats

buffered sallne 7600, 8000, 77004 7100, 5100, 820, 340, 120,
Te 307 Glyserin,rgteelry=

stal Vielet{1:50000) 5000,  T000, 3000e 2310¢ BOCs 1G0e 150,
Sa 307 Glyecerin,rgtethirille

iant Creen(1:50000) 13500, 2320, 1730, 1050, 520, 28,9 + 087 +006
9, Brilliant Green(1:50000) 15700, 10000, €000, 4000, 1900, o8 o002 0s0
104Thionin(1+100000) 11750, 8200, 2e o3 o5 0226

11,¥%a Losoxycholata(e.ﬁﬁ)@
Fe(tB,) Citrate(Osli)

in la Licra*a((‘:.&‘*”) 12250, 5980 €000,  450C, 6400, 3650, 8000, 5600
12,% esexycholate{Ceb%)

in ¥a Citrate(0e5%) 14000, 14000, 10000, 17000, 6500, 47006
13, (5)+(11) 5250, 5000, £300, 420C, 800« 340, 8 Qs
144¥a "esoxycholate(C.57)

in HaCl(0e857) 16000, 13000, 6210, 4620, 8900, 9400, 15800, 15500,
15¢¥a hcotate(0eln) in

¥aCl(1e0%) 12000, 15000, 8000, 6000, 17800, 1000, 31200,
16.KT (06014 ) in MaCl(04857) 12000, 9 o021 040 040 0.0 Ol 0sC

{*) d1lusnt was glass distillod water exzcopt as indicateds



TABLE EE.

Effect of Test Solutions upon Ee colis

Plate counts in thousands

(%) ,
Solutions Initial lhr, 4hrs., 8hrs, 24hrs, 48hrs, T2hrs, 96hrs,
l,0istilled Water({stock) 560, 178 040 040 0,0 040 0,0 0e0
2, " " (glass) 12000, 160, 110, 90, 7o ;] 175 o2
34 04857 NaCl,cpe 14000, 1880, 3000, 4000, 6000, 8200, 9800, 40,
4, 30% Glycerin,ops 40000 32000, 14000, 7700, 4000, 4500, 2500, 2100,
5’ 30?% " ) .!‘gt‘ 12000, 10000, 11600, 115800, 65800, 500, 869, 320.
6e 307 " ,rgtein phosphate

buffered saline 18000, 14000 13000, 8000, 6600, 3000, 1020, 5804
7e 307 Glycerin,rgtedCry=
stal Violet(1:50000) 6000, 8900, 10000, 5000, 1000, 7604 320,
8s 307 Glyecerin,rgte+Brille
1ant Grean(leﬁOOO{}) 11250, 15000s 10000, 2400, 2310, 2500, 290¢ 180,
9, Brilliant Green{13;50000) 15000, 2420, 1120, 490, 10, +061 +008 0.0
10.'??11011111(1:1@000) 12000, 410, 20 o9 o +004
11.Na Desoxycholate(0¢5% )+
Fe(NH,) Citrate(0.1%) ,
in Ba Citrate(045%) 8000, 2160, 1880, 920, 2204 154 247 «8
12,8a Desoxycholate(0,5%)
in Ya Citrate(0.5%) 9000, 8000, 6000, 8000, 3200, 2600,
13, (5)e(11) 6000, 7000, 3400, 2800, 300, 330, 86
144Na Desoxycholate(0s3%)
in NaCl(0.85%) 15600, 13000, 7000 6000, 6600, 76004 98004 9400,
15,88 Acatata{0e2%) in
F¥aCl(1.07) 47000, 48000, 68000, 60000, 69000,  7B000, 82000, 950004
164 KT(04017) in NaCl{0485%) 47000, 40000, 41000 10000, 344 02 040 040

~{*) ailvent was glass distilled water except as indicateds

7% g
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TABLE 29,

Effect of Solution 11 upon Organisms in Simulated Specimens.

Jeries As

Plate counts in thousands

Organisms Tnitisl  lhrs 4hrs,  8hrs,  24hrg,  48hrs, 72hrs.  96hrse
Fetyphosus (T68) 430, 360, 1870, 30800, 51200, 56000, 35000,
Fe " (rawlings) 590, 4004 680, 40000, 24200, 102000, 42000,
e (Mayrfisld) 250, 260, 240, 11000,  31600s 24000, 10200,
5easrytycke (asr) 1280, 900, 900, 6800¢ 16600, 30000, 26000,
Seenteriditis(Ent) 670 520 41e2 24004 205400,  §2000, 12600,
Separatyphi (A34) 1020, 1600, 1900, 1800, 14200, 22000, 31200,
Seschottmueller: (B) 1270, 6204 458, 1800, 16800  £B000, 22000,
Setyphimurium {TH) 920, 820, £20. 4800, 28600, 34000, 20200,
Sedysenteriac(161) 160, 80, 1046 7400, 30000, 48000, 42000
Se " (c89) 160, 80 T 1200e 10300 16000, 12000,
Se " (640) 170, 41.2 100, 11800, 24400, 48000, 40000,
S¢ " {Tysiay ) 290, 290, 300, 600, 12000, 20000, 22000,
Separadysenterias(19) 1100, 820, 7506 1800, 19400, 56400, 32000,
Se " (21} 210, 2245 130, 17200« 48400, 82000, B6e
S¢ (35451) 210, 210. 210, 32200, 22400, 42000, 25800,
Se " (1=3DE) 480, 200, 420, 3400,  1540Ce 30000, 6800,
Se " (ParalC) 600, 51Ce 680, 4000, 1360Ce 44000, 8600,
Sesommei (10) 880, 810, 2100s 21400, 7000, 66000, 52000,
S¢ " (11) 865, 700 13400, 9200, 33000, 44000, 20000,
Se " (191) 280, 21e2 13,1 2600, 10400, 32000, 3120
8¢ " (SonUC) 1360, 680, 820, 9600,  1820C. 28000, 3600,
Control(uninoculated stool) 9 101 19, 47, 224 19,

(on Extract Apar pH 742=7a4)

G4




TARLE .§..0..'

Effect of Solutlon 15 upon Orpganisms in Simulated Specimens,

e

Plate commts in thoussnds

Organisme Initial 1lhr, 4hrs, 8hrse 24hrs,. 48hrse 72hrss - 96hrse
Eetyphosus(T68) 430, 3°0, 1000, 10800, 22600, 30000, 21000,
Ee ” (}{nwlings ) 590. 346. 980, 6000« 1520@. 24000, 180004
Fe " {Mayrield) 250, 360, 420, 5400, 13000s 28000, 84000
Senerytycke(her) 1280, 1040, 1160, 4000, 18000, 24000, 8000
Seonteriditis(Ent) 670 620, 4246 100¢ 8000, 4000, 3000,
Separatyphi(A34) 1020, 1780, 1810, 1600, 9100, 10000, 8000,
Seschottmuelleri(B) 1270, 980, 580, 12800, 20200, 10000, 6000,
S ¢ typhimurium(Ti) 920, 9590, 1000, 14200, 980, 17000, 10000,
Sedysenterias(161) 160, 80, 204 1200, 21000, 29000, 18000,
S " (639) 160, 60, 604 3200, 11000, 13000, 6300,
S " (640) 170. 37e1 29, 100, 5200s 42000, 20000,
S " (Dysiay ) 290, 180, 53, 800, 8800, %8000, 18000,
Separadysenterias{10) 1100, 710, 838 2000, 10400, 8000, 2000,
Se " (21) 210, 32,2 3eb 24 «8 626 72
Se (85461) 210, 170, 1000, 8800, 24600, 12000, 10400,
Se " (1-801) 480, 400, 380, 9600, 6800, 28000, 10800,
Se " (Paralic) 600 380, 210, 300, 12400, 20000, 9800,
Sesonnel (10) 880s 530, 5604 2000, 1800, 122, 900,
S " (11) 866e 620, 1220, 10400, 12800, 20000, 11200,
Se " (191) 280 1000, 2,2 400, 8800, 22000, 21800,
Se " (senUC) 1360s 780, 920, 1000, 58004 22000, 8000,
Control{uninoculated stool) 6e9 8e2 220, 810, 3100, 7900,

(on Txtract Agar pH 7.2-7.4)

o e
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TARLE 31,

Effect of Solution 11 upon Orpanisms in Simulated Specinense

Series B,

Plate counts in thousands

" 1hre

Ovganisms Initial 4hrs,  Bhrs. 24hrs,  48hrs. T72hrs.,  96hrs,
Eetyphosus (T58) 69 80, 5242 200 8400, 8700, 12800, 16100,
e " (Rawlings) 70, 100, 33.2 100, 9600, 8100, 8400, 73004
Es " (&yfi@ld) 3.2. 1000 26.2 2000 78000 8300' 9400. 99009
Semerytrycke (Aer) T1e 100, 1042 12,  1200. 49500, 13400, 17100,
Seenteriditis(Ent) 126, 3.3  11.8 11, 8600, 8400, 11200, 10100,
Separatyphi(A34) 584 20 948 Be6 5200, 65004 9200, 16900,
Seschott muelleri(B) 88, 948 1442 13, 15000, 12900, 7800, 12600,
Setyphimurium (TH) 69 40, 21, 80s 7000, 8900¢  10200. 8300,
Se.dysenteriae(161) 29 20, Ged 10,8 580, 9100, 13200, 10100,
S5¢ " (639) 2468 244 9,2 24, 8600, 10800, 10200, 10100,
Se " (840) 17, 10,  12.2 648 2800, 3400, §200, 13700,
Se ™ (DysHay ) 4y 2.2 9, 1442 12800, 14700, 10400, 10600,
Separady: . terias(ld) 70, 30s 10,8 200, 10300, 9300, 96004 12500,
e " (21) 21, Ted 1442 1242 6600, 7800, 9800, SO0
Se " (35451) 54, 40, 31.2 26, 3200, 4100, 6800, 5900,
Se " {1-3DE) 101, 100, 220. 200, 10200, 12900, 16600, 12100,
S5, " (ParaliC) 35, 584 11,8 1844 9600, 9900, 11200 11900,
Segonned (10) 104, 110 30, 122 6200, 81C0, 6400 75004
Se " (11) 44, 60, 1446 16,2 860, 6300, 11200, 14100,
Se " (191) 20, 10, 1344 100 8600, 9100, 10400, 8700,
Ge " (Sentc) 104, 100 2442 2846 4800, 5100, 5200, 8900,
gontrol{uninoculated stool) 3.8 20,6 23, 784 83, 36, 1.9

_(on Extract Agar pH 7e2-744)

4K} 1
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JADLE 33
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Logarithm of Plata Count

FIGURE 1,

Effect of Test Solutions upon Eetyphosus{58).
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FIGURE 2.
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Effect of Test Solu*tions upon Eetyphosus Mayfisld),
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FIGURE 4.

Effeot of Teet Solutions upon S. serytryoke(Aer),
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FIGURE &,

Effeot of Test Solutions upon §. enteriditis( Ent).
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FIGURE 6.

Effect of Test Solutions upon Se paratyphi(AS4).
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PIGURE 7.

Bffoct of Test Solutions upon 8, schottmuelleri (B).
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FIGURE 8.

Fffect of Test Solutions upon §.m himurium(TN),
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FIGURE 9.

Fffect of Test Solutions upon §.dxaont¢rho(1§}_}.
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FIGURE 10.

Effeot of Test Solutions upon S.dysenterine(£39).
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FIGURE 11,

Effest of Test Solutions upon Sedysenterise(640)




Logarithm of Plate Count

FIGURE 12,

Effect of Test Solutions upon Sedysenterise(Dysliay).
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FIGURE 13,

Effeot of Test Solutions upon Seperadysenterise(16),
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FIGURE 14,

Effect of Test Solutions upon Separadysenterise(21),
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FIGURE 18.

Effect of Test Solutions upon S.paradysenteriae(35451),
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FIGURE 16.

Effect of Test Solutions upon S.paradysenterlse(1-3DE),
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FIGURE 17,

Effect of Test Solutions upon S.paradysenterise(ParalC).
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FIGURE 18.

Effect of Test Solutions upon S, sonnei(10).

| ]

Q

\. .. T ——
‘\. “\l
N Ny

"\! ‘\|
. .

. \,

\ .

N \\
N,
N\ \
I\:.‘

£a

\( ) 3

=1

Hours



FIGURE 19,

Effeot of Test Solutions upon Sesomnei(11).
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FIGURE 20,

Effect of Test Solutions upon S.eomed(161).
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F IGURE 21,

Effect of Test Solutioms upon S.sonnel(SonUC),
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Solution 1,

FIGURE

2.

Rffeot of Solutions 11 ani 15 upon Organisms in Simhlated Specimens,
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FIGURE 24,

Rffeot of Solutions _l.l_‘l’ﬂ 15 upan Organiens 1An Singlated Specimens.
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FIGURE 25,

Eefeot of Solutions 11 and 15 upon Organtsms in Simtlated Speoimens,
Solution 15.
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PIWRE 26.

Iffect of Solution 11 upon Organisms in Simblated Speciwens.
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FIGURE 27.

Effeot of Solution 11 upon Orgenisms in Simblated Specimens.
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FIGURE 28.

Kffeot of Solution 11 upon M'_! 1n Simidated {nens,
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FIGURE 29,

Effeot of Solution 1l upon Organisms in Simblated Specimens.
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FIGURE 30,

Effeot of Solution 11 upon Organisms in Simtieted Specimens,
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