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TEE PROBLEM A5£ JTS Jbc'TIP I CAT I OR.

A# The Broblem*

The practice employed among public health laboratories is to 
make available mailing containers for us© by physicians for sending, 
via mail,stool specimens suspected of being infected with members of 
either the L’berthella,Salmonella or Shigella groups of bacteria* These 
mailing containers usually include one or more stoppered bottles in 
which a preservative solution has been placed and to the bottom side 

of the stopper had been affixed a piece of wooden applicator or small 
metallic spatula with which to inoculate the bottle* The preservative 
solution used is not the same throughout this country# It varies as 

to use and substance among the various laboratories from a single sol* 
utlon for us© for all three groups of specimens to no preservative for 
any of the groups* Instructions for us© usually accompany the contain* 
ers in order that an "overdose” of inoculum is not made into them* The
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Inoculation of too largo a quantity of feces usually results in an
overgrowth of the non-pathogen1c forms,while the specimen is in transit*

(2 5 )
thereby making difficult the easy isolation of the pathogens *

It was felt that there was a need for the development of a 
single preservative solution for all three groups of bacteria thereby 
making possible the elimination of the necessity for two or more diff
erent solutions* With the development of such a solution,there should be 
effected a simplification and improvement to the laboratory services both 
in the field and laboratory as well as affecting an economy of both time 
and money#

In a review of the literature concerning the subject,little or
no work had been reported pertaining to a single preservative for all
three groups of specimens although there had been some work reported for
members of the Eberfchella and Salmonella groups as a unit and the Shigella

(20)(48)
groups as another unit » In an attempt to eliminate possible dup

lication of effort In research*a survey was made of all State Vhxblio Health 
laboratories in this country*Hawaii and Puerto Bico* All laboratory dir
ectors were circularised with a question*ire containing six questions. In
formation was requested concerning the availability of specimen containers 

for specimens of these three groupsj the preservative solution used for 
each group and whether the solution used was yielding satisfactory re
sults from a "recovery of organism" standpoint j whether research was be
ing conducted concerning the line of thought suggested and whether the 
development of such a solution, would help to simplify and improve their
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laboratory services*

B* An&lysIs of Survey Data and Justification for the Study*

Tabl© 1 indicates In tabulated mnaer an analysis of the results 
of the surrey undertaken among the various directors of State Public Health 

Laboratories in this country*Harm4i and Puerto Bieo* From a perusal of this 
table*the following deductions m y  be made*

1* Beplies were received fro® 35(72*9?*) of the 48 question- 
aires sent out*

2* 28(?1*4;0 of the laboratories reporting employed the same 
preservative solution for specimen® of the three groups* Of this masher 
there were but 6(24*0gS) of the directors that were satisfied and 19(?S*0?£) 
dissatisfied with the results obtained from its use*

3* 27(77*3^) of the directors reported favorable opinions us 
to whether a single preservative solution*if developed, for the three 
groups of specimens would help simplify and improve their laboratory ser
vices, 2(5*7/*) reported unfavorably! 2(5*7^) expressed doubt and 4 (11*5^5 
failed to answer the question*

From the above, it m y  bo deducted that
1* There m s  a need for an investigation in this field of

endeavor*
2* Such am investigatioa undertaken would be both practical

and Justified*
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II* IESI3MB OF LITER&TDRK*

It is not the intention of the author to present a comprehens
ive review of all culture media employed In Bacteriology since such ®x-

(15){41)
eell&nt reviews are already available upon the subject # It is
felt that for the purpose of this dissertation,* brief resume of only 
those differential culture media more commonly employed by some bact
eriologists should b® included, some of which have particular application 
in the isolation and Identification of the organisms of the three groups 
In question* For purposes of convenience,differential culture media may 
be divided as follows *

A* Differential culture media employed in the isolation or 
identification of members of the Bberthella,Salmonella and Shigella 
groups of bacteria*

1* Liquid Media*
a* Enrichment media for their bacteriostatic or inhibitory 

action upon non-pathogenic coliform bacteria thereby 
permitting the pathogenic forms to grow unrestricted 
after transplantation upon media*

AlSc&lisation . (ig)
Dudgeon in 1919 reported the us© of W/53 

sodium hydroxide solution in equal volume® with 

feces as an ’’enrichment” preservative for stool 
specimens subjected to delayed examination for
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b&cillary dysentery ineiiants* He believed that 
the acid reaction of the stool specimen was the 
chief bactericidal factor involved in the in*
■ ability to recover the pathogens and that with 
an alkaline reaction effected,viability of the 
pathogens was prolonged* •••"final concent
rations of 1*5 per cent to 3*0 per cent normal 
sodium hydroxide sure still being used by English
bacteriologists for preserving dysenteric stools (8)
in the tropics" *

(2) Bile
(53)

Meufeld reported in 1900 that bile exert
ed a lytle action upon some bacteria and non-lyti© 
action with others* The bacteriostatic and bacter
icidal effects decrease with dilution* Gram negative 
bacilli are usually more resistant than gram pos
itive bacteria* In lower concentrations bil® exerts(6)
a stimulating effect upon bacterial growth *Th@ 
action effected is primarily due to the bile acids 
present* Among them are ©holeic,desoxycholic,apo- 
cholic,dehydro©holic,taur©cholic and glycocholic 
acids, all of which have a lytic action upon cer
tain bacteria except dehydrocholic acid whioh has 

little effect as compared to the other acids*
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Leifson in 1935 reported that the most striking effect
was exhibited by desoxycholic a©id and prepared a sod*

(39)
ium salt thereof for bacteriological purposes *

(3) ©soxycholate Citrate Solution  (8)
Bangxang and Til lot in 1940 proposed a solution

of 1% sodium citrate, 0*5^ sodium desoxyoholate in a 
phosphate buffered saline solution at pH 8*5 as a pro* 
servative medium for use with bacillary dysentery 
stool specimens for delayed examination* The action of 
this solution was based upon the inability of B.coli 
to utilise the carbon of the sodium citrate and thereby 
become inhibited!the sodium desoxyoholate inhibited the 
gram positive cocci* The authors proposed that Endo 
and MacConkey Agar be the plating media of choice for 
use with this group of organisms for isolation purposes 
since gram positive bacteria were suppressed by both 
media and neither had an inhibitory effect upon th© 
pathogens*

(±2 Pyg»
Anilin dyes*cither acid or basic type*inhibit gram

(67)
positive more readily than gram negative organisms •
Brilliant green, in culture media, in 1/jL50000 eonoen-

(63)
tration will inhibit lactose fermenting organisms *

(17)
Dunham and Sohoenlein reported that brilliant green
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In m i/76000 concentration will not inhibit K*coli*
Gentian violet la i/10000 concentration he* a select-
i w  action for gram positive and not gram n@ga.tivo (68)
bacteria «
Glycerin Saline Sslutlon

Teague and Slurmaa in 1916 proposed that a 
30P$ solution of glycerin in 0*6|| sodium chloride b# 
used in the prmservmtlom of stool specimen® for de
layed examination for the pres ©no® of K* typhosus*
Th® authors reported that the action of glycerin upon 
tli® bacteria pro®eat m s  a bacteriostatic one and it®
lethal action m #  relatively sloe at that dilution* 

(? 4 )
vvu and Sla reported this solution to haw a bene
ficial preserving action upon S*dysent©ria© in stools 
also for delayed examination* The variation in pi of 
the various grade® of glycerin and within different 
batches of the same grade has contributed materially
to- the toxic motion of this preservative solution upon(8)
the pathogenic bacteria in question* In an attempt(22)
to overcome this difficulty* Greenfield in 1956 pro
posed a modification of the original Tmmgus and Clur- 
man solution in that the 30^ glycerin solution was 
prepared in a phosphate buffered solution of sodium 
chloride with pH adjusted to 7*2*
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(6) Lithium Chiorid© Glycerin Saline Solution   ---------
Havens and Mayfield reported a modifi-

cation of Teague and Clurman’s solution by th© add- 
ition of 0»8% lithium chloride as a specific inhibi
tory substance for the E*eoli in stool specimens for(21)
delayed examination for £• typhosus. Gray in 1931 

proposed a similar modification involving th© Salmon
ella group* However,due to th© toxic action of the 
solution upon members of th© Shigella group of bact
eria-., its use with specimens of this type has been (8)
limited •

(7) Selenite F .Medium (40)
Leifson in 1938 reported an enrichment medium 

consisting of sodium hydrogen selenite,peptone and 
lactose in a buffered phosphate solution* Du© to its 
initial selective inhibitory action, E*coli does not 
reach & maximum until long after the usual 24 hours 
incubation period whereas I?«typhosus and members of 
the Salmonella group multiply rapidly during the usual 
Incubation period and greatly outnumber th© Escherichia* 
Th© .inhibitory effect of this enrichment medium upon 
the dysentery bacilli renders its us© therefor impraact-

c»)ioal *



($} T©trathiooat® Broth
. ( s i )

*&Uar and Malvo* in X&25 described a 
sMMliua containing ealelust e&rhonaie*8odium hyp©«* 
*ttlflto#pota86i^ iodide and iodin© In bouillon
for n®@ a© an «mri«to9nt mod ium in th© examination 
of f®e*«turin®*water and sow^e and ot Bor infoeted 
materials far th® pros©nee of Kttyphosus and sm"* 
boro of the ftaltaonolla group* This laodl'sn inhibit® 
or kill® th® coXiforn bacteria am? pomsife® tho ont«» 
orio organisms to grow unrastrietod * 

l o l l d  %m%*.

a» firlohssont madia that do not suppress or inhibit *tmt 
sorvs to differentiate on the basis of lootose fermetv* 
tatIon os indicated by a ©hang® in indicator ©aployed*
(X) Plating llodla#

{»} Broaoroool Purpl* last©®® A^ar
(IS)

This radius; as devised by £h®*noy m o
assentlally the aama mu Literns? laotoso Agar ©sc*
eept that the Xltais indicator had b o m  roplaood
by brasaorosoX purple* a more stable dy®* It® usos
ara ossonti&lly fh© same a® for Litmus B&otos® {15}
A gar •

(b) Lltewg Eaotoso Agar
This nedim:, is th® oldest differential mod«* 

%xm reported for bacteriologies! purposes#It



(7S)
developed by Worts In, lift and eettfealsied Xacrb*
mm^nutrltmt agar anil Xltaaia* *tha Xattor was ma*
ployed m  m. indicator for th» production of aold
by bacteria fro* lactose* it m m  developed "to
differentiate &*et«aoli and Bh#rtbf® boollluo^ia
that boat*eel1 fomented lactose with th» produet**(78)
i<m of aoid"# The typhoid eelftnlea were eolor*
leais and th# ooll ool^mios »r@ rod#

^£) Tube £i»dta»
(a) KXlger load Acetate Agar*------Si------------- rĵ _

Rllgar in 191,8 reported a dlf forontial 
medium baaed npcm. the eoafeinabioHi Of Boa a ell Double 
Sugar Agar and Lead Aoebate Agar for the differ ant** 
lotion of gram negative bacilli both 00 the basis of 
their ability to ferneot dextrose and lactose
and their ability to produce hydregma sulfide*

(?)Bailey ® n d Xney in 1927 reported a modification 
of the ivliger Lead Acetate Agar In which the Andrade 
indicator w e  replaced with phenol r#d*f#rri@ «®os*» 
lorn citrate replaoed load acetate a® hydrogen *ml«* 
fide Indicator and eodwa thleewlfate was added* Thle 
medium was reported to differentiate th# laotoao 
from a®i«liwt«ii fermonters*to differentiate Ebar* 
thelle from tha Salmonella and Shigella -groups end 
also to differentiate S*paretyi>feX from 9*aehottmue-llari
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and S*ent«ridihia by the detection of hydrogen 
sulfide production*

(h) Kruanmrledo Triple Sypr Agartarn I* rtkmr.Htm ttmin* imiftinmwiijiB̂rtwxw  *\>mi anMusww
(&7J

Krmaarisdo end Kohn proposed a modification 
of the Bussell Double Sugar Agar in whieh suorott
m s  Incorporated in addition to th© dextrose mrnd 
lactose of Hus soli* It was el&tamd  that this med
ium had th© advantage ever th© Hus sell medium in 
that & taors accurate differentiation between slow 
lastos« formating strains of grass negative Intest
inal bacteria said the Salmonella group was effected* 
This was made possible by th© slow lactose fermontere 
attacking sucrose store readily than lactose trader 
aerobic conditions and the Salmonella organisms wore 
not influence3 fey the s«©rose* Andrade Indicator m s  
reeeMBe&ded by the authors for use as the indicator 
for the presence of acid production*

^e) Bussell Double Sngcir̂ Tgar

In 1011,Sa*#8il described a double sugar med
ium for the identification of gram negative organisms 
of the intestinal group,particularly members of th® 
Tfeerthella,Salmonella and Kscheriehla groups* The 
original fomtla included litmus as an acid indio- 
at or* Phenol red 5ma been recently incorporated to 
replace litmus since the former is more stable and



gives better results •
(<t) Sucrose Mann it ol Agar ---------------  (34)

Kendall and Ryan in 1919 described a double
sugar medium containing sucrose and manaitol which was 
proposed to supplement Hus sell Double Sugar Agar in th.® 

differentiation, and identification of bacteria of th® 
intestinal group* By means of these two media,the fer
mentation reactions of four sugars were inado possible* 
The original formula contained Andrade indicator as the 
acid indicator* Phenol red has been recently incorpor
ated to replace the Andrade indicator since th© former
is more stable and responds more rapidly to changes in 

(IS)
reaction *

Enrichment media that suppress or inhibit gram positive or
ganisms but not members of the gram' negative group and on which 
there is a reasonably sharp differentiation by means of approp
riate indicators between lactose and non-laotose f©rmenters•
1* Plating Media,

(a) Dasoxyeholat& Agar
in 1935*Leifson described a differential medium

for th© isolation of intestinal pathogens and for th© 
direct ©numeration of coliform bacilli in milk and water* 
This medium contained lactose,peptone,ferric ammonium 
citrate,sodium chloride,® potassium phosphate buffer and 
sodium deaoxyehol&te in water with pE ?*3»7.5* This mod-
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ium may b© considered comparable to MaoConkey Agar in 
that there was present a bile salt,but in a purer state, 
in a conoentration ( 0 9X%) sufficient to have a bacterio
static action port gram positive organisms but exerted
little or no action upon gram negative intestinal bact-

(39)
©ria except S.gallinarum which it completely inhibited# 
Colonies of lactose fermentors were usually red while 
those from non-lactose fermenters were colorless#

(b) Endo Agar
(19)In 1904,Endo described a medium in which a

fuchsin sulfite indicator was used to differentiate 
between lactose and non-lactose fermenters of the in
testinal tract# Coliform organisms fermenting lactose 
became red,usually demonstrated a metallic sheen and 
colored the surrounding mediumj non-lactose f©rmenters 
were colorless,clear and appeared usually as glisten
ing drops upon the pink background of the medium# The 
typical reaction by th© lactose f©rmenters was caused 
by the intermediate product—acetaldehyde- formed from
lactose during the fermentation of that sugar and be-

(46)(52)
coming fixed by the sodium sulfite # This med
ium has been subjected to many modifications due largely 
to variations in the available dyes and sulfites and to
now uses for the medium advocated by individual invest- 

(15) 
igators •
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(c) Eosin Methylene Blue Agar 
~  (29)

Holt-Harrla and Teague employed a com
bination of ©osin and methylene blue as an indi
cator in th© presence of lactose,sucrose and pep
tone* In this medium lactose fermenting colonies 
gave a distinct differential from non-laotose fer- 
menters• Lactose fermenters of the coli-aerogenes 
group developed blackish colonies or possessed dark 
centers with transparent colorless peripheries 
whereas non-lactose fermenters remained colorless*
This medium has been subjected to a number of mod-

(15)
ifieations and variations *

(d_) MaoConkey Agar
This medium devi s3d by MaoConkey as a dif fer— 

(43)(44)<45)
ential medium has been generally used in
Great Britain for differentiating members of tbs 
Eberthe11a,Salmonella and Shigella groups from the 
non-pathogenic coliforms following a number of mod
ifications by both MacConkey and other investigators* 
The differential action has been reported to b© 
effected by colonies of coliform bacteria becoming 
brick red in color and usually surrounded by a zone 
of precipitated bile salts* This reaction was due 
to th© action of th© acids,produced by the ferment
ation of lactose,upon th© bile salts and the subse
quent adsorption of neutral red* Non-lactose far-
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mmimm did not alter th© oppoaramoe of th# » 6»
itm and vm&®Xor®4 and trii3Mparf®%* Its t*@©
as * difforsKxtial medium !ms M t  with favorable(8)
roaalts by «ew» inrMt imbot'a mini unsntiafaot-

(SO)(St)
<jry moults by others *

o« i&rlolMoiKt nsdla that oantaia ohonlools to daisy or eenplately 
tbs dovalopnotsb of gram negative ml»

If arm and other sraipi sad ponstto tho growth of gram nogsfcivo
intestinal pathogens*
JU Plating: Madia*

(a) BltMttfel& Smlfit# Agar
 —  T O W r  ( T o x n x w )

Wilson and Wilson and Blair
described a selestive modi® by which B•typhosus 
and sulfite reducing bacteria. In water night bo de«» 
tested* lift a median containing sodium stdfltstglu» 
eot« and am iron s alt^rsduotion of the sulfite to 
sulfide and the formation of FoS (the bloolsenlngof 
tho colony} m s  effected by w*typhosus anil various 
neidbsrs of the salmonella group* Ths bismuth sul* 
fits indicator in tho prosonoo of an eaceess of sod* 
± % m  sulfito suppressed ths growth of m s mt eelifera 
bacilli | 'and in the presence of brill lost green tho 
seleetivs oetl.on m s  intensified* this aodiun has 
bocsfj sohjooted to a nuufrer of modifications by in*
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westigators in an effort to effect a more sensitive 
medium for special purposes* This medium has been 
reported to yield satisfactory result® in the isol
ation of members of the Eberthslla and Salmonella
groups but members of the Shigella group become ei-(47)
ther inhibited or donot grow well upon it *
) Pesoxyeholat© Citrate Agar

This selective medium was reported by Leifs on (38)
in 1934 to contain $% sodium oitr&te,0»2/ ferric 
ammonium ©itrate,0#5^ sodium desoxyeholate,\% lact
ose, l/l50000 lead acetate,1/50000 neutral red In 
beef infusion agar containing 1% peptone and 0*5%
®odium chloride at pH 7*4 In this medium the bile 
salt inhibited gram positive organism© and supple
mented by sodium citrate inhibited to a considerable 
extent members of the Aerobaoter,P'scherichia,Citro- 
baot#r, and .Proteus with ocas clonal strains of each 
encountered that were resistant* Th© ferric ammon
ium citrate served a double function- it lessened 
whatever inhibiting effect the medium may have had
for the intestinal pathogen® and enhanced th© In-(39)
hibiting effect of th® medium upon the colon bacilli* 
This medic® was modified by Leifson in 1935 to con
tain 1/ lactose,2*5/? sodium citrate,neutral red 
l/SOOO0,l©ad chloride 1/300000(the use of which was
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left optional to th® user) in a pork Infusion pep- 
ton© agar without sodium chloride*?!© reports that 
in th© use of a pork infusion he always obtained 
better results,from a growth standpoint,than from 
infusions made from other mammalian muscle tissue* 
This medium m s  proposed for either streak or plat

ing purposes* Due to its strong inhibitory action, 
this medium has been reported unsatisfactory for th©
isolation of members of th© Shigella group other than

(8)(23)
those of the £*paradysenterla©(Flexner) •

(o) SS Agar
This selective medium was reoentlv developed

(14)
by the Difco Laboratories for the isolation of 
members of the Shigella,Salmonella and Ebortho11a 
group® from stool and other materials suspected of 
containing these organisms* It has been reported to 
differentiate between lactose and non-lactose fer
menters and has also been reported to give maximum 
inhibition of ooliform organisms with minimum res
triction of growth of th© -pathogenic |*ra® negative 
intestinal bacilli* This medium contains 0*SfC be©f 
extract,0*3^ proteose pepton©,l/£ lactose, 0*85?- bile 
salts,0*85/$ ©odium citrate,0*85^ sodium thiosulfat®,
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0*1^ ferric citrate,brilliant green l/S million,
0*0025/S neutral red* In this medium,as In Desox- 
ycholat© Citrate Agar,advantage has been taken of 
a bile salt to inhibit gram positive bacteriaj 
sodium and ferric citrates to inhibit lactose fer
menting organisms jthiosulfate was employed in con
junction with laotose and neutral red to detect th® 
lactose fermenters from non-lactose fermenters by a 
reddish colored colony formed by the laotose fer
menters whereas the non-laotose fermenters were 
usually odorless, This medium has been reported 
to give a more defined differentiation between fo
cal and pathogenic colonies than is rendered by

(47)
Dosoxyohol&te Citrate Agar «

Ql) Slggaaaa Citrat© Agar
This medium for differentiating focal from

non-fecal coliform organisms was developed in 1926 (61)
by Simmons * Th© selective differentiation of 
this medium was based upon the inability of feo&l 
colifoms(l*coli) to develop in a medium with an 
inorganic ammonium salt as th© only source of nit
rogen with citrate as sol© source of carbon
for energy,whereas strains of aerogones(non-feo&l)
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grow quite unrestricted. This medium was de
veloped by the author to overcome th© disad
vantage usually encountered at times with a 
turbidity when large inocula are used in loser1s 
Citrate Broth. Bromthymol blue was used as in
dicator*

Differential culture media employed in the isolation or ident-
WMWI— mi— in.1*!. umi f m w iT—  ni l * mrntmmmmm+mmmmmmm m m m m h m w m  . M w n M A u M M e M A M M M M -  i n H n m  m m m m  i m m n m m n m w  « h m r w  « h « h m

ification of bacteria other than the Lberthella.Salmonella and 
Shigella groups of bacteria.
1* Liquid Media*

a* tnrichment media that do not suppress or inhibit bact
eria, but serves to differentiate bacteria on th© basis 
of laotose fermentation*
(1) Eijkman Broth   ( i a )

This medium was devised in 1904 by Eljkman
for the separation of strains of E.coli originat
ing from the feces of warm blooded animals. The 
original formula contained 10$ glucose,10$ peptone 
and 0.6$ sodium chloride. Tubes of the sample in 
question inoculated with l/& its volume of broth
were incubated at 46°C* for 24 hours. Perry and(66)
Ha^na replaced glucose with 0.3$ lactose. 2n(57)1939, Perry and Kajrn rsplaosd peptone with l.SjS
tryptono and added a phosphate buffer* Its present
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us© is mostly to Sanitary Bacteriology*
(2) Lactose Broth

The acttoe ingredients in this media are
(4)

lactose to beef extraot-peptone solution • 
lactose fermenting organisms produce acidity 
which may be detected by means of an indicator 
added to the medium* lactose fermenters may or 
may not produce gas to addition to acidity* 

b* Enrichment media that suppress or inhibit gram positive 
hut not gram negative bacteria and with which there is a 
reasonably sharp differentiation by means of appropriate 
Indicators between lactose and non-lactose fermenting bact
eria*

(l) Brilliant Green Bile Lactose Broth (so)
This medium was devised by lluer and Harris

in 1920 to Inhibit organism® other than members of 
the coliform group. Its active ingredient© are lact
ose, oxbile and brilliant green; the former for the 
fermentation by colifo m  organism®,oxbile to depress 
the surface of both the media and bacteria present 
(usually the anaerobes) and brilliant green to
suppress gram positive bacteria* Dunham and Schoen- 

(IT)
lain recommended a reduced concentration of bile

from 5$ to 2% and increased the dye from 0.01$ to 
0.13$ thereby improving the conditions for growth of 
L.coli. Its us© Is primarily as a confirmatory med
ium for the presumptive test for the presence of col-
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(4) (5)
if orm bacteria in water and milk samples and
is also used in parallel with lactose broth in the

(4)
control of water filtration plants *

(2) Crystal Violet I&c-Kqso Broth
This medium is a buffered lactose broth con-* 

talalng. crystal -violet in a concentration, sufficient 
to inhibit gram positive organisms and other bacteria 
that may be responsible for false positive tests* The 
concentration of the bacteriostatic agent in the mod* 
turn was not sufficient to effect the growth of mem
bers of the ooliforn group* This medium was developed (60)
by Salle in 1930* Its present use is primarily as 
a confirmatory medium for the presumptive- test for(4)
th© presence of coliform bacteria in water samples 
and is also used in parallel with lactose broth in

U )the control of water filtration plants *

Formate Kloinole&ts Broth
The active ingredients of this medium are lact

ose, sodium formate,sodium ricinoleate and pontons*It
(64)

was developed by -Stark and England in 1935 for the 
detection of eoliform bacteria in water and milk* The 
sodium rlelnoleate inhibits the gram positive organ
isms usually responsible for false positive results* 

bodium formate accelerate® growth and gas production 
of the collform bacteria from lactose* Its present
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x w ® 1® primarily as a ©onflrmtery me&inm fur the
presumptive test, In laotoee broth,for the proseaee

(4)
of oeliform baoterla in water samples m i  is also
used is tmrsXX®! with lactose broth in the oontrol(4)
of water filtration plant® *

(4) Fash*in Lastose Froth
’ ‘  (6 8 )

Ritter i<rri 8si this woiitim in ItSt to ra*»
l u w  the number ©f false positive reastions ©« ©tiring
in tho examination of water samples for K#e©li# The 
AyN b&sla fuehslxt'* inhibits gram positive orgamiaiai 
and other baeter la tlmt m y  bo responsible for the 
fitlsO' positive tests« lAotoso is the fermentable 
sugar available to deteet eoliform bacteria#

{5 ) ItagCoakey Broth
<42)

ifamCoateay In 1901 -developed this naeiium with
peptone, gluoose, a bll© salt and litmus# In 130$, he
replaced litmus with neutral red and rinsese with 

(4S)(4-i)
laetose *Thie medium is ©xtensiwely used in.
Great Britain* The Xttmw sarvod as indicator for the 
pr#stae® or absence of teidiiy and the bile salt to 
suppress the gram positive organisms and other bacteria 
that night produce false positive reactions* the «un*» 
tral red was Incorporated is the medium as ait ladtester*
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e# inriefcimt'media that contain ehemleele d@®lgfi©i to delay 
or een^fttly suppress tha development of certain gram ®eg« 
ative bacteria at the exponae of othor gram negative argaaiesm
and the principle of which %m® b&eed upon th© ability of the 
erganleme to utilise certain orgwalo substance*.

(l) Kooer Citrate Brothrgs}
Keaer te 102$ developed thle sodium to differ*- 

eatlate between E*eoll end lueeroganee* The principle 
upon which it werlced wae based u p o n the hability of K* 
eoll to util la* the ©arbors, of the a odium eitrate for 
energy In the presence of an ammonium ®alt a® scarce 
of nitrogen whareaa A*aarogeaeo was able t© utilise the 
©arbon for energy*

JU Solid Hadla*
a* rmrlebment media that do not euppreee or inhibit baeter la but 

aeree to differentiate oolonioa on the basis of laetooe for*
mentation and a# Indicated by a change is the indloator employed*

Cl) ftremorosol Purple Lactose Agar'■9mm mm* imwi u nfrWriiw Mnft«iy-tnns< WHlSilfH muin MW III i II ■ MMBMNHt « V
\  •&■** )

Thla median mm devi s»d by Cheaney was deearlbed 
OB BftgC 9* 
kltmme Leotoee Agar

(TC>This medium as devls sd by Starts v m & deaerlbed on
Bag©



h« l^nrlohsmt saad la that suppress or inhibit gran positive hut 
snot gram neg*tlve organism* and on which tliwo is a reason
ably sharp differentiation by of appropriate intil«»i©rs
between laeteae and nen—laotose fermaters*

(ĵ ) Brilliant Oram ilia laotoeo
Thla sseditt® was developed by Stable and Tenney In(64)

193® for determining the relative density of eoll«» 
for® banter la in water and aerugo* The eelive lngred~ 
lente were la«bese#blle salta*$ed4um snlfit##f err 1© 
ehlerl6e«erloglaueltie#a phosphate buffer end two dyea«* 
basle fuohsin and brilliant green* The dyes were the 
gr«y& positive h&etsrial inhibitors* Celonlea of cell* 
for® baoterla were deep red at the oenter with a pin!: 
halo of preeipitated bile aalto sharply'outlined, 
v^latt a uniformly blue baelsgre*®:,-;.

(3) hade iiĵ ar
Thla medium w&a deaerlbed cm  P&g# 13*

Blue A&ar
Title meAlnm m e  deaerlbed on Bag® 14*

This medium w m  deaerlbed cm Pm^m 14*
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Om mudla that contain ohomloal® wMoh onoonrag®
©®tiw h&otorl&l moltIplie&tIon*

(1) Boof Infu® ton Im Io m  Ag«r
resla lt35 thl* m m & i v m  w m  Iwi s#d#wlth th® tdditloB 

of atria a&lfc at tb# ttws of uao« It who onployod far «§®** 
tarmtelitg th® 'total baotorlal omst its th® microbiologi
cal analysis of butter «uad th® dotoablon of pretoolytio 
colontoo*

<t> Blood Agar
this iac-ditu® tmo boon mail, in the ieoktlm and «iit» 

ImtloB of mungr factitious pathogenic organism* • fh® prin
ciple upon which it® taction m e  booed was that certain path* 
ogono had th® ability to hcssolys® rod blood corpt**©!©® 
whom cultivated upon Its «urf*o®* Thla oheuraoterlatle m s  
oonaldared & diagnostic arltarion ofsong strain® of path* 
ogatnl® atroptoooool and etroiiw of ataphylooeool onoount*
■■:-rod la food poisoning** Thla medium w m  fir at roportod

<$)
by Brae© and Oraubt la 19 80 »«nd oooaletod of a m l

infnelon ha®# to which had boon added def Ibrlnatod blood
of on Indoflxilto valrnao# s&ny and if loot ion® of this medium
hove boon r#part#d using #1 ther a bo«>f Infusion or a barf
extrast base and to uhloh m i  added defibrlnatod blood of

(41)
either human, degthor«i6, shaep, coc.pljjaor. or rabbit .



Chapman ot aX dowolopod thl* mottle for the 
dotoetion imd isolation of pathogonie staphylococci* 
fpott it m p p v m i j m % ® % y  t#£ of t h ® staj>h~
yloooooi wlllnot grow wharo&a 98.S of tho pathogenic 
strain* would grow luxuriantly* lit 19258 Chapaan at

tiUCU)al advooatad that Phyta&l lad ItoaitoX Agar bo
oarriod in poritllol -with thoir a&diros for the pria*
ary isolation of pathogen!© stmphyloooooi that 

Vlolut . v*r V, ^pltyod for oonl r » ix*n#

A j m m  and .sitedgo in 1920 roportod a different*
ial nodlum eon* 1*ting of nxitrioot **3ctrmet agar and

(i)skim &llk powdor oxtraetivoo for two in milk emtrol* 
thla modium»oo roportodf oould bo u*od to obtain dlff«* 
aro&tlal plat# ocamts inoluding both mold forming wad 
poptoolftSag ooXonioo« Th® original iodine. ha* b®<m 
stedlflod by a sambor of Invootlgator* •
lewato Jttioo Agar

fhio woditaa ©onvistocl of tomato joloo*popt«*io»
poptonlsod milk and agar and wm* a&vooatod by ifioklo

(49)
and Sreod for ua# in diraot plate count* of milk 
and tdbto ‘onXtimtion of iaatebaollli* Tho isso of pop-*
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tontmd milk in. eulture media for -he Isolation of
la©tie &oid pre&ioing haeiorla wvur roported byCss) (si)
Kaye or la 1094 and Or la in 1898 «

(6) Stoao *# Eastraot Gelatin Agar 
100)

Sbon© doeoribod a modium ia whioh «f*t#ro~ 
toacie strains of *t«phyXo©oeel liquified gelatin

while culture* .not producing the enter e&eacle #»b** 
etaaee did sot liquify gelatin* Ho revised fell
original formula. Hi# final tuoiln® eon*1*ted ©f 3$ 
beef «rtraot*S|5 solatia and 1*9^ agar at pH 6-.S* In. 
using this m d h m  deflbr lasted blood may bo added to 
bheerve tho hemolytic activity of the erganiems «ua«» 
peetedt tho l&eub&ted plate ©obtaining colnnlea of 
ataphyloooool la ’"'developed* by flooding tho surface 
with a sttmtfii solution ©g ammonium sulfate and por— 
fitting tho plat© to stand for approaiaaately fire mim» 
ntea or until the re&etlen had beeosie well developed* 
whioh eensistod of a sowing about tho eolcnlas of th# 
entereta&le straln*«Cel©nlee are usually fished frees, 
this plate to other media for Mdltioml otaiy. Tho 
follow* interpretation haa been reeemmevtded by Eton* 
for the results Obtained*
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I© hamolysi«,n© goaiag -considered "petontiAlly non-
toxie"*

B© hmmXzm 1*,moderate to m&rlsed goaing- ©onaid«r«d
nag&tiw *

sosiing - consldorori "potontially t©acio% 
Hmmlysia, marked lasting* ©onsidorod ”pofcc<ntially toxic”#
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111*

A# Mmthode Pmple;

If Cultures mad In thla investIgatIoni their souros and ldentiflastion#

The cultures mad in this investigation and tha some©® fro© 
which they were obtained vers as fallows*

a* Maryland Department ©f Public Health
8*dyeenterla© #$61* (designated a®”161” in this In

vestigation)* This culture had been received 
from the London Sehool of Hygiene in 1937.B© 
other information was *valiable*

S *dy®fmtariaa #659* (designated as **639” in this In
vestigation)* la Information was available 
coneomlng this stock culture*

S.dyeenterls© #640* (designated as M640w in this In
vestigation)* K© information was available 
concerning this ©took culture*

$.paradysmeterla# 119* (designated as ”19” in this
investigation)* This culture had been re
ceived in 1930 from Parke* Davis Co*Labora
tories and mmfcered as 01654(J64)* Wo other 
information m ®  available.

S«paradyseateria© f21* (designated as *21” in this 
Investigation)* This culture had been re
ceived in 1930 from Bark©* Davie Co0 labora
tories and nun&crad 01652(J63}* Mo other 
information was available#

$#paradys©ttterla© #36461* (designated a® "SS461M in 
this investigation)* This organ!®® had been 
isolated from feees of a ease on duly 12*
1939*
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|10s (designated as "10* in this in- 
aestivation)* this culture had h©em. re
ceived from br*K©s©r#s Collection*hr*Ko- 
ear originally obtained it from the Brit
ish Typo Collection*

S.sonnei Ills (designated as "11* in this invest
igation)* This culture had boon resolved 
from Dr*Kosor*« Celleetlmut<r*Koser orig
inally obtained it from the British Type 
Collection*

S*sonael § 191 $ (designated as "191" in this in
vestigation)* This culture had been re
ceived fro® Armour Laboratories in 1939*
Ko ether information wac available*

]£♦ leper tmant of Public Health
K#typhosus |5334—41% (designated as "Mayfieldw in

this investigation)* This organism had been 
Isolated from tho fooa® of a typhoid release 
esiss in 1941*

S*dyeenterlac #5668-41* (designated as *Dy®MayB in
this investigation)* This organism had boon 
Isolated from the feeos of a case in 1941*

S*peradysenteriae s (designated as "fteraTKJ" in this 
investigation)* This stock culture had been 
received from Dr*Jordan's Collection at the 
University of Chicago with data of receipt 
unknown*

S*para^ys@nterlae c(designated ms Ml-8Di:n in
thl® investigation)* This stock culture had 
been received from. Lr*0*A* Pealson of Birm
ingham* Alabama who Isolated it from Bbo feces 
of a case*date unknown*

S*sonnel t {designated as *SoalJCn 1b this investi
gation)* This stock culture had boon received 
from Dr#Kcser,s Collection at the University 
of Chicago* late of receipt or isolation un
known*

£*typhlraur iura i (designated as *TM" in this invest
igation)* This stock culture had. been re
ceived from hr* Jordan *8 Collection at the 
University of Chicago* Late of receipt or 
isolation unknown*



K*typhosue<Bswlings)t {designated as "Bawling*" in 
this Invmtigation)* this organism was a 
stock culture* fate ©? roooipt unknown*

&*typhosus #581 (designated m  *58w in this invest
igation)# This organism was a transplant from 
the Panama -'58 strain us ad at tho Array *5©d- 
ioal gsheol for Typhoid Vaccina mrtnf&eturs*

&*s*rytryeke ■ 50 s (designated a© *A«rtf in thl® Invest
igation)* This organism m s  a ©took culture 
whose original transplant m s  recolved t r a m  
the Army ?-'ed ioal School* Hat© of receipt tm« 
known*

S*©nteridltis M s  (designated as *A»tn in this invest
igation }• This organism m s  a stock culture 
fdioco original transplant had been received 
from tho Baltimore City Health Department*
.?jat« of receipt m s  unknown*

5*paratyphl -341 {designated as 'JAS4n in this invest
igation}* This organism was a stock culture 
obtained fro® an autopsy with date of isol
ation unknown*

S*sehottmteli©r 1 35s (designated as ”?•** in this in
vestigation)# This organism was a stock cul
ture obtained frees an autopsy with date of 
isolation unknown*

d# isolated from fresh ©tool specimen
h#ooli « This organism m s  isolated on June 8*1841*

Cultural Characteristics

All cultures were purified upon receipt* They wore etree-ked upon 
tnde Agar and the plates incubated at *$7°C# for 34 hours# Typical ©olmios 
aero fished and inoculations wore md *  in duplicate into Bussell Double 
Sugar Agar tubes* The tubes were incubated at 37°C* for 84 hours after which
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their reactions were read and recorded* Inoculations wer© mde from the
Bussell Double Staler Agar hub®© into duplicate tub®© of gelatin*trypton®

(65)
wai©r(for Indole production u «  testing by the Gore Teat )Mlitaais (20)
milk,lead acetate agar and the following semi solid carbohydrate media $ 

dextrose,duleitcl# inos itoljlaotose, ualtos © , mannitoX * s ucr os © and xylose*
All tubes were incubated for 24 hours at 37°C* except trypt one water which 
was incubated for 5 days $ gelatin tubes were incubated 10 days at 37°C* 
and immersed in ice water for $ ©veral minutes * removed and examined for 
the presone® of liouifaction}the lactose tubes inoculated with 8#sonneI 
strains were incubated for 5 days at 370Q* with daily observations made 
for acidity and gas production* Motility testing was mad© from an 18 hour 
broth culture of each organism* A Gram stained sisear was made of ©ach or
ganism*

The results of those tests are displayed in Table 2*

JU The Petewflinatlan. of the pH B&nge for Growth of haoh Organism*

A series of three consecutive daily transplants was made for each
(65) e

organists upon Boaf ixtraot Agar (pH 7«2-7.4) «cd incubated at 37 C.for
24 hours* From each third transplant a homogeneous suspension of the or
ganism was made in sterile glass distilled water by filtering the suspen
sion through a sterile filter paper* The density of the suspension was

(62)
standardised against a recently prepared Barium Sulfate Standard *3
using sterile glass distilled water as diluent# From each suspension 0*1

(03)
ee# inocula were mad© into each of two tubes of Beef Bxtraot Broth(pH 3*6)*



Similarly 0*1 0©* lnooula w@r® into two tubes osoh of Bo©f Kactopaet
Broth with pH ranging from. 4*0 to 10*1 at approximately 0*0 intervals.
-.vaoh tub© contained 12 a@» of medium* Tho density of suspension of tho 
Inosul&tod tubes m s  determined by moans of a phot©elsetrie jnsphthslomotor * 
Urtineeul&ted tubes of broth from each pH used served as controls# All p I! 
determinations were performed with a Bme&smm p!S&»tff>« All Inoculated tubes 
were t&eubatod at S7°C#fcr 24 hours* After lseubation^the density of sue** 
pension in the tubes mas again determined* The average of the reading® for 
both tubes of each pH m s  eoasiderod the result for that pH* The pH at 
mhloh the greatest defleetleu m s  observed upon the ammeter mas considered 
the pH for optimum growth for that organism#

The results obtained are displayed in Tablo 5#
Deductions 8

The following deductions may be mde from the results
obtained*,

1* The pH rang.® for optimum growth for' 19 of the 22 
organisms studied m s  between 8*85 and 7*2*of which 12 gave saximua de«* 
fleetIon la tho pH 7*2 tub#®*

f# The optimum pH for two of the remaining organisms 
m s  (5*21 both organisms showed good growth at 6*8#* The optimum pH for tho 
other organism was 8*0 and it yielded a fair growth at ?#g

8# pH 7*2 was eensidored tho optimum for the thro© groups 
of bacteria studied*
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5* ;.<etemtnat i on jof £H^of Chemicals and Reap ant a report# d as Incorp

orated in onrlohaicnt or y  as ergative Solutions and differ ant t«l 
oultxir© Mod la used In the Isolation of Grganlsais of the Kbartheila*
gal^attolla and Shigollfe groups*

Chemio&ls and Reagent# reported to have been used in both en
richment or preservative solutions for stool speolsens and differential 
culture media used in the isolation of mamh^rs of the three groups of 
organisms wore tested for pH in separate solutions in varying concen
trations. and in combinations* Glass distilled water was used as solvent* 
All pu de terminations were mfe with a Seoktaan plllieter in duplicate upon 
the same sample and the average of the two readings considered as the 
final reaction*

The chemicals employed were the following i
Choialosla

Acetate*sodium* ep*
Chloride* lithium, ep*

H * sodium* op*
* ,usp«

Citrate*ferric amgnluai*ep*
H *sedium*ep«

beseaEyeholate *sedtaj.* pure *
Glycerin,op*

T1 *\tsp«
<&blle
Phosphate* potass iura (dibasic)* op*

" , " (monobasic),op*
14 * s od lust ( d ibas io ) * op*
** * n (monobasic),op*

Fhthalate* potae s i'sst* op *
Sulfate*ferrous,op*
Sulfite*sodium*op*
Tel lur it® , poias s ium* op •
Water*distilled (stock)

8f * ft (glass)
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*
(Sfctloanl Asti lime and Chomtoal Co*) 

Fuchsia* acid fColemaa and Boll Co*)
* burle £ ?? " " n )

Croon*brilliant { ff K * 5
Thionln (.Katlaml *nliln« and CIkw»1o*1 Co#) 
Viol«t#eryat«tl (Col end Soli Co*)

s*

1* Chemical Solution* fesboS Mid their pH##MM* »HH*niWiuMHI*wjft»»ti «n*l»*nw ##8»B0W«t imwpn.wwiw ■ iii*i#b*u 1* 4AWIMWM# *gMIMm#»NIMMMO dHMMMM*

Tho result*; obtained &ro displayed in Tables 4*6 and 6*
2% Chsmlaal Sjftutlott* yielding pH * 1mllor to optimism pH

for growth for Jjjhs jl ftreep* of organism**
Brilliant Sroon (ti&OOOO) pH 7*8 
Crystal Violet (1*60000) pH 7*26 
Potassium teiiwlte (0*01?t) in bodies 

e'-.lorldft (0*e6j«) pH 7*26 
Sodium Bootat® (Q»$%) in Sodium chloride 

U*Q£) pH 7*2 
* des<mey*&*>i*te (0*6".) ♦ Forri# m m m t v m

citrate (0*1$) in Sodium eltrat®(0*6X)
j**? <rwe

Thlonln (lrtCOOOO) pH 7.1b 
£* ?«iting of Cli@Hl.ofei Solution* of 2{mb®w? Against 

Qpgfenlsam of tho 3 ^rorps* 
fh@ ehostioal solution* listed absmro wore tooted against the pure 

culture** lietod previously* to ascertain their effect upon tho organisms*
The following no* tho technique employed j All organisms wore transplanted 
to Beef Bjctraet Droth Agar slants (pH 7*2»7*4) ana incubated at 37 °#for 24 
hours* f'rmk these slants*two additional oonoooutitpo daily transplant® wore-



m

made from each organism and similarly Incubated. A suspension wag pre
pared from each third daily transplant in sterile glass distilled water 
(pH 8#8). The suspensions were filtered through sterile filter paper to 
effect homogeneity. The density of suspension of the filtrates were 
mad© approximately uniform with sterile glass distilled water employing 
the least dense suspension as "standard". Plate counts were made of each 

of the suspensions,after dilution,upon Bndo Agar. O.loc.of each sus
pension was inoculated aseptioally into separate on© ounce "sm&p-c&p" 
glass specimen bottles each containing 19*9 ©c. of sterile test sol
ution, All solution® had been previously sterilised in the containers 
for 20 minutes at 15 pounds steam pressure and tested for sterility. The 
bottle and contents were agitated to insure a good mixture. After 1,4,8, 
24,48,72 and 96 hours incubation at room temperature(21°«24°C.) 1.0 cc. 
of the contents of each bottle was plated,after dilution,upon Endo Agar. 
The plates were incubated at 37°C. for 24 hours and the number of typical 
surface colonies present war© counted and recorded. Typical surface col
onies only w*3r© counted since such procedure made readily possible not 
only the ©numeration but differentiation of these pathogens from other 
organisms in subsequent experiments* The differentiation between lactose 
and non-lactose fermenting subsurface colonies is rendered difficult due 
to the olose similarity of both types of colonies,when viewed with a 
Quebec Colony Counter. Occasional fishings of typical surface colonies 
were mad© into Hussoil Double Sugar Agar with subsequent transplants into 
carbohydrate media for verification purposes. Gram stained smears were 
also made from the growth 'upon Hues©11 Double Sugar Agar* from the law of
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avsrages it beeomos evident that tho ©.bow procedure In « ©anting only 
surface colonies in a louad praeedure # Ines tho relationship between 
surface and unbsurfae® colonies throughout not only ih&e« but subse
quent experiments approximate throughout a tnee tho same toolmique w m  
employed* this procedure was used with all test solution® listed la 
B 2 above and in addition several other solutions*

Tho results obtained are tabulated in Table® ? through 28 and 

are graphically displayed in Figures 1 through 22»

Deductions 8
F r m &  the above screening procedure, the following 

solution® yielded the results desired upon the organisms testeds
Solution 11 s Sodium desoxyoholato(0*5?') ♦ Ferric 

ammonium citrate (0*lsC) In Sodium 
citrate (0*9$)*

Solution IS s Sodium aeetate(0*3^) in Sodium 
ohlorlde(l*0̂ }*

4* (l)» A Study to Determine which of the j2 ^desireabls" solution®
mas the better Seleotlve sfisdlum*

In a manner similar to that described In B 3 above* Solutions 
11 end is were again tested against the II pathogenic strains but this 
time «Isolated *i»f®eted* stool specimens were used. Ins ten do of pure 
cultures* Plate counts were made in duplicate upon Bad© Agar*

Tho result® obtained are tabulated in Tables It and 30 and 
graphically displayed in Figures 13,14 and 25*
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Deductioni
From the abcry© data., it may he deducted that Solution 

11 was the better selective medium*

(2)» _A Study to Determine the approximate maacteam stool inoculation 
that might b# employed and yield reasonably good
tho pathogenic Organisms 0

In a aanner similar to that employed la 3 4 (1) above,Solution 
11 was again tested against the 21 pathogenic strains In four different
aeries but with tho following modifications•

Sorlos A# (* 5
,T"r 1 To tho tost solution w e  ad dad a "normal* inoculum

of fresh unlnfeeted stool* The bacterial lnocula were in 
reasonably largo number* (Kesults obtained fro® 4 8 (1) 
used hare).

Series B#
*** To the tost solution was added a "normal*1 inoculum of
fresh unlnfeeted stool# The bacterial inoeula were in
reasonably small numbers#

Series 0*
To the tost solution wee added twice the"normal* inoc

ulum of fresh unlnfeeted stool# The bacterial inoeula 
wore la reasonably email numbers*

Series D#
To the test solution was added approximately thro©

tin#® the "normal* inoculum of fresh unlnfeeted stool#The
bacterial Inooula wore in reasonably small numbers#

The results obtained arc tabulated in Tables 28,31,32 ana 33 
and graphically displayed in Figures 23,23,26,-27,23,and SO#

T*7 A- "15SrmaIw’Inoculum of fresh uninfected stool* that amount of stool 
that will readily adhere to the ©ad of a wooden applicator stick(app
roximately the sis© ©f a very small pea)#



j>eii3©ti©n$
from the abow date, it «ey be deducted that the maximum 

stool inoculation that would yield reasonably good rooovory of the tost 
organif:-as* was twice tho "normal" inoculation*

j>« A CcMQparafclve Etaidy to Determine the Best P la tin g  î edtum fo r  t-so In

the Isolation of tho C>rganlg»s*
transplants of tho 21 pathogento strain® of organism® wore mad®

upon 2> B w a  Blood. Agar plates and incubated at 3?°C*for 24 hours* A
transplant of each organism was mad® from th® plates to two Human Blood
Agar slants* The Inoculated slants were lxMufbatef at 37°€* for 24 hours*

Frew, on® slant of each organ Ism* inooulatlons war® mad® into two tubes
sash of Bussell Double Suga r Agar, trypt.one water, and tho following
sessile olid carbohydrate media i 4«xtroso,laotooo,nalt'oss,siaimitol and

sucrose* A Craw st&lnC Hueker Modification) was mads upon smears from
oeach organism* All tubes wore incubated at 37 C* for 24 hour® ©xe©pt th© 

tryptem© w&t«r,whie1t wore incubated 8 days and ihea tested for indole 
production by the Gore Tost,and tho lactose tubes Inoculated with S*sonnet 

strains,'which ware incubated 4 days at 3?®C* with daily obe©rTailed for 
fermentation* Mobility testing was made from an If hour broth culture of 
each organism* All organism except S*scnnei( 1£1 )gere results similar to 
those obtained in A 1 # The results obtained from this strain upon 
Bussell Double Sugar Agar were acid butt and slant with gas and la last* 
esc semi-a oil3 media there was produced an acid reaction with no gas with
in 24 hours* All other characteristics were similar to those obtained for
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this organism in A 1* Because of its acquired characteristic for lact

ose, this organism was eliminated from the ensuing series of experiments# 
The second Human Blood Agar slant of each organism was placed 

into a refrigerator until the tests described above had been completed# 
Upon completion, a transplant. of oaoh organism, except o.sonnoi(191) was

Omade upon Human Blood Agar slants and incubated at 57 C#for 24 hours*
Tho growth was suspended in storlie glass distilled water* The suspensions 
were filtered through, sterile- filter paper to incur© homogeneity# The den
sity of tho suspensions were made approximately uniform In a manner sim
ilar to that described in B 5 above* "Snap-cap* stoppered specimen bottles, 
similar to those used in B 3 above,containing 19*9 co# of Solution 11 were 
prepared and sterilised at 15 pounds steam pressure for 20 minutes# After 
cooling to room t©mper&tt?re,tho stoppers were snapped into position and 
the bottles tested for sterility* A plat count in duplicate was made of 

each bacterial suepension,after dilution,upon Beef Extract Agar* A 0.1 cc* 
Inoculum of each organism was made into separate bottles and the contents 
agitated to insure a good mixture# After 1,8,24,48,72 and 98 hours incu
bation at room temperature (21°~24oC*), 1#0 oc# inccula from each bottle , 
after dilution, were plated 5n duplicate upon each of four differential
media carried in parra1lei. The media were Daaoxycholate Citrate Agar,Endo

o*g&r# ?%o0onkey Agar and SB Agar* All plates were incubated at 57 C* for 
24 hours and typical surface colonies of each organism were counted#

The results obtained are tabulated in Table 34#
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Bo&uotioni
Under the conditions of the experiment, It m y  be do* 

duoted that Enflo Agar was the best plating medium for use In the Iso* 
lation of the members of the three groups of organisms tested*
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(67)
It has been reported that among the organisms more commonly 

found in the large intestine of man are the colif orm bacilli, ©nterocooci, 
staphylococci of both the aureus and albus variety,anaerobic spore-bearing 

organisms such as Cl*welohii and Cl*putrificum,aciduri© bacteria including 
L,ac idophilus,thermophilio bacteria,spiroohaetes and yeasts* Less frequent 
are Proteus bacilli,Ps*pyocyanea,organisms of the Priedlander group,end 
aerobic spore-be&rers such as B*subtilis and B•meaenterioue» Due to the 
rich organic substrate upon which these bacteria have available in the 
large intestine for proliferation purpos®s,lt becomes evident that th® 
flora of feces would be both abundant in numbers and varied in nature*

In genoral,the three groups of bacteria concerned in this invest
igation may be considered "non-lactose fermenters",in that they donot fer
ment this carbohydrate in broth within twenty four hours when incubated at 
S7°C* the Shigella,however,include the soonei strain® which usually fer
ment lactose after several days incubation and arc termed ;,slow lactose 
fermenters®* The sonnet strains,in th© absence of a more adequate class
ification, have been included with the Shigella and from a practical stand
point of primary isolation may b© considered among the Hnon-laetoa« fer- 
montors*" As -'non-lactose f ermenters", these gram negative pathogenic or
ganisms may be readily distinguished from, the more common gram negative 
nan-pathogenic coliform. bacilli that ferment lactoses from the gram pos
itive entorococci,staphylococci and anaerobic spore-former® by the Gram 
stain and morphology and their ability to ferment lactosesand from th® 
gram positive aerobic spore-former® by the Gram stain and morphology*



Because of their characteristic for lactose,these three groups of organ- 
isms may become readily differentiated from lactose fermentors upon such 
differential media as Bndo,MaoConkey,SB * , Desoxyeholate, Cesoxychol&te
Citrate, Los in Nethylene Blue and Bismuth Sulfite Agars that contain in
dicators in addition to lactose,that make possible reasonably sharp diff
erentiation* Lactose fermenters usually are detectable as reddish colored 
colonies whereas non-lactose feraenters are colorless* Upon Bismuth Sulfite 
Agar the Shigella organisms grow poorly at best and because of this fact, 
this medium has not been indicated where the isolation of th® Shigella has 
boon concerned* Non-lactose for mentors upon this medium usually develop a 
blackish colored colony due to the deposition of FeS which had been effected 
by tho reduction of th© sulfite present in the medium to sulfide in. the 
presence of glucose and an iron salt*

Since these organisms are usually present in the feces of in
dividuals infected with thorn, it becomes evident that in the search for 
these organisms, stool specimens be-subjected to bacteriological exam
ination as well as other types of specimens* Th© manner in which these 
specimens arrive at th© laboratory is largely dependent upon, the nearness 
of the laboratory to th© source of material* Frequently whore tho inter
val of time involved in transit is small, th© specimens are submitted in 
a fresh state to the laboratory,as is one in hospitals and clinics where 

laboratory facilities are at the institution* In these institutional lab
oratories, there is usually employed a selective enrichment medium upon



receipt of the specimen* Among the enrichment media more commonly used 
are Selenite F Broth and fetrathionato Broth, in which the usual con
forms and gram positive cocci are inhibited thereby permitting the path- 
ogenio 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 Impractical for us® where an examin -
at ion for the Shigella is .indicated because of its toxic action uoon these

(3)
organisms *

vfhen the interval of time from source of material to laboratory 
is not reasonably short,the specimen is considered one for a delayed ex
amination* Since feces contains readily putrescibl© material and the more

(25)
common intestinal organisms quickly outgrow the pathogens sought while
in trans it, there is indicated for use a solution that will * preserve** the
specimen until it arrives at the laboratory* The use of ^preservative*5
solutions in this country,among State Public Health laboratories,varies
from a single solution for specimens of all three groups of bacteria,!©
no preservative for any group(Table 1*)*

.Among the ^preservative* solutions most commonly employed in

this country are the following in the order of their appearance is the(66)
literatures Teague and 01urman( Glycerin saline) ,Havena and ''airfield

(26)
{Lithium chloride- glyoerin saline) and Greenfield( Phosphate buffered (22)
glyoerin saline) . In all three solutions glyoerin was recoiswended for
it® bacteriostatic action upon the non—pathogenic coliform organisms* Un
fortunately this actios doesnot stop there but becomes general throughout



tho specimen and the pathogens sought become subjected to it resulting

frequently in the inability to recover them upon the application of the
technique for their isolation* Because of its variation in p!T,not only
among the various grades of the substance but among the various batches(8)
within the same grade,from pH 4*0 to pH 5*0 ,this chemical can be quite
toxic for the pathogenic organisms concerned* This general bacteriostatic 
action is an undostreatla feature since the fastidious strains from tho 
three groups,especially from the Shigella,become reduced either in number* 
so fmi as to elude isolation or become completely suppressed or inhibited 
(Tables 15,16,17,18 and 20). Of the three solutions,Greenfield's soluiicn 
may be considered as approximating the deslreabl© medium in but one re
spect, i,c, the adjustment of the pH of the solution to 7*2 before use*
This pH was found to be the optimum pH for growth for the members of the 
three groups in question (Table 3*)* The addition of lithium chloride by- 
Havens and Mayfield as a selective bacteriostatic substance for the con

form bacteria has not yielded satisfactory results where members of hh«
(8 >

Shigella are concerned due to its toxic action upon, these organisms *
Then,too,the dissociative action of the salt upon members of both the
coliform and enterio groups of bacteria,ha© increased the possibilities
for failure to readily detect th© organism© upon differential plating
media thereby decreasing its popularity for use*

%n the development of a selective preservative solution for us®
upon stools for delayed e xeminat1on,it is evident that sine© tho pH of
the suspending or culture medium plays such an important rol® in th® main-

(67)
ts, inane® of optimum growth conditions for bacteria in general ,ii 
should be equally as important for preservative solutions to have a pH



similar to the optimum for growth of the organisms upon which it is to 
act in order that the organisms might have as near optimum conditions

(22)
as possible for reaction* This fact has been emphasised by Grreenfield 

(8)(aS)(26)(55)
and others * It therefore becomes a logical approach to
& solution of the problem that the optimum pH for growth of members of the 
Eberthella*Salmonella, and Shigella groups should be determined and that in 
its process as many strains of each group b® employed as possible to make 
possible a wide range for information* Hue to limited facilities,it was 
felt that the use of a total of 22 selected strains(21 pathogens and E* 
ooli) would bo adequate for this investigation*

Among the criteria for a reasonably satisfactory selective pre
servative solution for members of these groups may be included the foll
owing?

1* The medium should have at least a bacteriostatic effect
upon those groups of organisms#the presence of which might interfere with
the recovery of the individual pathogenic inoitants sought# The medium
should not be too inhibitory for the undesireable organisms as to effect

(25)(67)
the desircable organisms in a similar manner •

2* In being bacteriostatic for the ttimdesireablettorganisms,
It should make possible the maintainance#at least of the desircable or

ganisms in either a condition of status quo while in transit or permit 
the® to proliferate thereby making possible their ready isolation upon 
receipt in the laboratory*

3* The medium should have a pH similar to the optimum for 
growth of the organisms for which it was devised*
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4m The ingredient* «h©«Xd h* rmrtlly *wll*hl*#bti© solution
eow^orotireXy *a*y to prepar® m &  the ooet thereof ohould not be prohS3»~ 
iti'VG*

£• A re***ei®hly sfttlofoehory mdiu» ohouXd mke pooelbl* tho 
reoorory of not only the sturdier isosaber* of the group* of hooter I* ln» 
■solved but tho** that or* nor® f**tidiou* etnee the. prestige oatdbllohod 
by * laboratory for iwad dependable remit* 1* to a large iegr*®
prodlo&ted by th® ittsssb#® of isolation,# md# is %©rifai*Xiii®f* ***** -or o*oo* 
in wfeleh the oXinie&X dXognoeX* h** been in doubt*

Bm flier® ehould he available infatnwfction eonoominc the mmx,** 

Sasun stool lawalm to bm need that will yield good m w ary of the argon* 
itM eoughh#

From th» date, submitted in this dissertation, it m y  be doduetod 
that * solution of sodium d**®9tyoh*Xob*(0*§\») ♦ Ferrie aamattltat ©Itrot^ 
(0»1?Q in Sodium oltrot* {<>•$£) at pH 7*2 ®i*d prepared In gl*o® distilled 
«ofe®r fulfill* tho obov© oritorio in tlmt

X* in general#th® solution maintained * condition *t least 
of «lotus %uo for 4-fm pothogenlo strains used end noted In a **tis«X»b©ryw 

mimor upon others» port lottlor ly the fastidious «tf*Liii* (S«dy*®ftt*r icto X€X 
ond SB?) arid £ *pi*radysefirb®r loo 81) when employed In. both pur© eultisr® ond 
stellated <f infested* stool opeolmn®{Table* 7 through 2S* m& fable* 2&,31* 
$2 and 83 )•

Zm it esertod * booteriost&tle notion upon the aortnl feool 
fieri over a period of 4 days, the m l  wmxtomm period for hsmptm, *pee<*



imeno in Public, Health Laboratories (fables 29,31,32 and 83)*

3# The fact that th© solution chosen while selective for th© Shigella© 
is not too highly toxic for th© ooitf©rms#a closely related, group,would in
dicate that it might not inhibit the most fastidious Shigella#*

4* The solution had & pH 7*2 which was similar to th® optimum 
for growth of members of the three groups of bacteria involved#

§• The ingredients employed in the solution are readily available, 
th© solution is easily prepared and the cost thereof is not prohibitive*

6# In the us® of this solution,information is available concerning 
the maximum stool inoculum that will yield good recovery of the pathogenic 
incitants sought (Table© 29,31,32 and 83 )»

It is strongly felt that any selective preservative solution pro* 
posed for us® upon stool specimens for delayed examination should be given 

an opportunity for evaluation against other methods already in vise* Such a 
procedure was included in th® original plan for this investigation,but 
owing to circumstances beyond control of the author,it was not possible to 
conduct this part of th© study* It is the intent of the author that if 
and when an opportunity should present itself in his new capacity,® field 
study will be undertaken*

Leif©on reported that Mth© effect of sodium desoxyoholate on the
(39)

growth of bacteria was similar to that of bile but much more powerful** * 
if® showed that in a broth or agar medium at pH lower than 7*5,gram pos itiv® 
bacteria failed to grow during the first 24 hours after inoculation,if th© 
medium contained at least a 0*1^ concentration of the bile salt* If the pH
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« m  raised above 7*5 (7*6 *»©«0) m s j  types of gram positive bacteria 
grew*and gram negative b&eilU became inhibited* The mug© between 6«6*»
7«5 im® tho ogblmm for *election of gram negative and inhibition of gram, 
positive bacteria* 1© if son ale© showed that a conoentration of O0Sf sodium 
citrate whoa added to on infusion agar containing 0*5f sodium dMocyoheUts 
had a hooteriostati© aetlen upon Kwmfcers of tho Aerchacter, •-.©©her lohla* 
Cltrdbactcr and Proteus and an tho concentration of th® eitratd salt « m  

Increased to 3f th© Inhibitory #ffeet mis increased# It has b o m  reported 
that mod la containing £#5«8»$£ soilss oitroto haw a marked deliterloos
©ffoot not only upon undosirod microorganisms but also seam of thm desired

(0)124X4?)
ones# particularly member* of tho :-higolla g r o u p * In tho pro**
sonoo of ferri© ammonium citrate th® toxicity of tho medium for somo ©f tho
intost Inal pat h o ^ m m  becomes reduced am! tho inhibitory action m  tho colon

CEO)
bacilli beoo&es enhanced • A ©dot ion of ©#6f* sodium dosoxydholate and 
0.1'f ferric «sr.ocniuRi citrate In 0*5'f sodium citrate*la glass distilled 
w»tcr#at pB ?02 exerted a bacteriostatic effect upon th# bacterial flora 
of norms! foses and had little or no dellterlous offset on tho pathogenic 
orur.niv.-.'.as studied{ fables S3*25#K6 and £7)0

In the 'mo of tho four differential media curried in psrallel for 
the isolation of th® pathogen® fro© simulated specimens*it was observed 
that with ?ndo Agar th# best recovery of organisms wys obtained# Vpm this 
medium all pathogens studied wore encountered in goodly masters and readily 
detected upcn the surface of th© -medium# ' IX organisms were recovered upon
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SS Agar but generally in smaller mmbera than upon Kudo Agar(Table 54)*
In th® us® of MaoCcnkoy Agar, 10 or & & % of th® organism® studied were
not recovered whereas with Dosoasyoholato Citrate Agar, 2 strains of 8#
somiei and a fastidious strain of S«dysenteries(161) were not recovered
upon the surface of the Mooia* Other lumbers of the Shigella,except S»
paradesenterlas,grow poorly at beet thereby confirming the results ob«*

(8 ){25)(24) 
tained by other investigators •
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1* AKI> COHO UTSIOWS.

A, survey was md© among State public Health Laboratory Directors 
in this country,Hawaii and Puerto Rico to ascertain whether specimen con
tainer® for stool specimens suspected of being infected with members of the 
Eberthella,Salmonella and Shigella groups of bacteria were made available 
to the medical prof©seionj the preservative solution used in these contain
ers for each group and whether the solution used was yielding satisfactory 
results from a "recovery of organism” standpoint! whether research was bo* 
ing conducted concerning the development of a single preservative solution 
for all three groups of specimens and whether th© development of such a 
solution would help to simplify and improv® their laboratory service©#

From an analysis mad® from the data compiled,the following facts 
became established: Replies had been received from 35(72.9^) of th© 48
questionsires sent out5 25(71.4y) of the laboratory directors reporting 
were employing th© same preservative solution for specimens of th© three 
groups and that 19(76^) of them were dissatisfied with th© results obtained 
from its us©| 27(77*1^) of the director© reported favorable opinions as to 
whether a single preservative ©elution would simplify and improve their 
laboratory services, 2 (5.7/S) reported unfavorably, 2(5 #7/5) expressed 
doubt and 4(11.3”*) failed to answer the question. From this analysis, 
it was evident that there was a need for such a preservative solution and 
the undertaking of this investigation was justified and practical.
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A resume of the literature pertaining to the subject was made, 
particularly as it related to the enrichment or selective media reported 
as employed in the isolation of members of th© three groups of bacteria 
from stool specimens for delayed examination*

Twenty on© strains of organism:,members of the three groups, 
wore received from the Maryland and Mississippi departments of Public 
Health and University of Maryland* A strain of A.coli was isolated from 
a fresh uninfected stool specimen* The organisms were purified and check
ed for their cultural characteristics* The pH range for growth for each 
organism was determined in Beef tattract Broth, ranging from pH 3*6 to 10*1 
at approximately 0*5 intervals* All pii determinations were mad© with a 
Beckman p oter• Th® density of growth for each organism,at each pH used, 
was determined by means of a photoelectric nephthalometer• Th© pH at which 
there was th© greatest deflection upon tho ammeter was considered th© 
optimum pH for growth of that organism* The optimum, range for 19 of the 22 

strains used was pH 6*85 to 7*2 of which 12 showed maximum deflection in 
the pH 7*2 tubes* Of the remaining throe strains,two gave maximum deflect
ion at pH 6.2 with reasonably good growth at pH 6*85 and 7.2j the third 
culture gave maximum deflection at pH 8*0 and with but fair growth at pH 
7*2 « pH 7*2 was therefore considered the optimum for growth for members 
of the throe groups of bacteria*

Tho pH of both chemicals and reagents reported as th© principle 
ingredients in preservative solutions and dlfferenital media used in th® 
isolation of the members of the throe groups of bacteria were determined
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la single solutions of ir&ryinj; sonoantratIon &nf In oomMtmilaas
thereof* 0X&ss dist*! lltdmtsr * «  employed ms th# solvent is ®&©h
ease* Felutions that yielded a pH. of 1*2 war® as follows*

Srilliant green (1*60000)
Crystal violet (I*60000)
Potassium telX«rite(0*0l,,r) in f-edtum ehloride(0*{ <* ) 
Podium aeetateC©*?.*} in ; odium abler 44e (1*0!%)
Coltusi desoxyohol*t©(0*5C') * Ferrie am&mlijm ettrate 

(QeS£) la Sodium ©itrat® (0*8^)
Thicmia (ltlOOQOD)

Thee* solutions in addition to several othors, making a total
of 16»w?r* tested against tho pur® cultures to ascertain their effeet
upon ih@ erganlzae at the end of .1*4, 8,84*46,72 and 96 hour* incubation
at roses temperature {2ia«*240O} by enumerating th® typieal surface ®ol~
mxim. of cash organism ebsiml upon f*id© Agar platen* Taro solutions
war® obtained that yielded* in gen®r*l*&*8tlmtilatery” offset upon tho
pathogsne* particularly the fastidious a trains of S *dys .-mter iae( 161 and
630) and S*paradysenterlae(21 )• These solutions were*

Solution 11
£o61uft dseosyel)elate(0*6^} * ^orrio «o®i»i 
eltrat®(0*l*.} in Sodium eitrate(0#6;C)*

Solution 15
sodium *eet&te(0*Ŝ } In Podium shier lde( 1*0$)* 

To determine th® better eelesfelve solution,the two solution*
wore again tested agaiset the 21 pathogonle strains in a m m r  similar 
to that employed previously except that In addition there had been added 
to efeah bottle a "normal” Insoilsn of fresh uninfected stool* Solution 11 
was observed to offset the better eeleetiwe notion in exerting a baeter-*
leetatle notion upon th® eoliform orgsniaa® over a period of four days



thereby permitting the pathogens to grow reasonably unrestricted. Sol
ution 15 didnot exert as marked a bacteriostatic action upon tho con
form organisms.

Solution 11 was again tested against the pathogenic strains to 
determine the maximum stool inoculation that would yield reasonably good 
recovery of the organisms. In these experiments , b ot h the bacterial and 
stool inoculations were varied in concentration as follows *

Scries A
to the test solution was added a "normaltt in

oculum of fresh uninfected ©tool.Th© bacterial in- 
ocula were in reasonably large numbers*

Series J3
to the test solution was added a "norn&l**in

oculum of fresh uninfeoted stool. The bacterial in— 
ocula were in reasonably ©mall numbers.

Series £
~~ to the test solution was added approximately 

twice the "normal” inoculum of fresh uninfected st
ool* The bacterial inocula were in reasonably small 
numbers*

Series P
~~ to the test solution was added approximately 

three times the "normal” inoculum of fresh uninfected 
stool* The bacterial inocula were in reasonably 
small numbers.

It was observed that Solution II yielded good recovery of tho test organisms 
in the presence of twice tho "norma!" inoculation of stool* This volume was 
considered the maximum, limit for inoculation purposes*

To determine the best selective plating medUim to bo used for th® 
isolation of th® organisms from simulated "infected” stool specimens,Series 
C was repeated and in addition to Lndo Agar as plating medium,bos©xyeholat© 
Citrate Agar,MacConkey Agar and SS Agar woro carried in parallel* All si®-
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VIZ* EXHIBITS,



TABUS 1*
(*)

Analysis of Bata Compiled from Surrey of State Public Health Laboratories

Humber of Questionaires sent out 4b
" « « received 35(72*9$)

1* Laboratories providing services for all 3 groups of bacteria 32(91*3$)
* Eberthella and Salmonella groups 1(2*9$)
n * « » n group only 1( 2*9$)
* n no services for any group 1( 2,9$)«5S

2* Preservative Solutions used for Eberthella group (by laboratories) i
30$ Glyoerin in Physiological Saline 10(28*5$)
* " w " * (buffered) 2( 5*7$)
* » 8 0*6$ SaCl (buffered) i( 2*9$)
w R w Distilled water 5(14*2$)
* n * 0.6$ SaCl 2( 5*7$)
* * 0 Distilled water ♦ Brilliant Green(l*400) 2( 5.7$)
« » * Physiological Saline * 0*8$ LiCI* S( 8*5$)
50$ " w * * 1(2*9$)
1C$ 0Kbil® * Distilled water 1( 2*9$)
n « ♦ 0*5$ LiCI 2(5.7$)
Undiluted Gxbile * 2( 5*7$)
Mo Preservative Used 4(11*3$ )-36

Laboratories satisfied with present preservative solution*

yes ?5(71.4 )
no 7(20*0 j
doubtful 1( 2*9 ,
m  reply B\ ©•7'

3* Preservative Solutions used for Salmonella group (by laboratories) *

30$ Glyoerin in Physiological Salin® 9(25*7^)
« « « « « (buffered) 1( 2*9$)

* 11 0.6$ UaCl 2( 5*7$)
» * * * * (buffered) 1( 2.9$)
* * * Distilled water 5(14.2$)
* * « » « ♦ Brilliant Green(1*400 ) 2( 5.7$)
50$ * * Physiological Saline 1( 2*9$)
10$ Osbile * Distilled water 1( 2.9$)
* * ** 0.5$ LiCI 2( 5*7$)

Undiluted Qxblie 2(5.7$)
I© Preservative Used 4(11*3$)
lo Reply or Mot Performed 2( 5*?$)«3S

Laboratories satisfied with present preservative solution s
yes 21(60*0$)
no 6(17.1$)
doubtful 2( 5*7$)
no reply 6(17,1$ )~56

4* Preservative Solutions used for Shigella group (by laboratories) s
3C$ Glycerin in Physiological Saline 10(28*5$)
" * « b  « (buffered) 2( 5.7$)
rt ” w « n ♦ la Desoxycholate (buffered) 1( 2*9$)
n * n Distilled water ♦ Brilliant Green (1*400) 1( 2*9$)
” 11 " 0.6$ MaCl 3(8. 5$)
* * * Distilled water S( 8.6$)

50$ H " Physiological Saline 1( 2*9$|
30$ * n 0.8$ LiCI 2( 5,7$)
1C$ Oxbile ♦ 0,5$ UC15 5 2( 5.7$)
Ha Dosoxycholate-Citrate (Bangxang) 1( 2*9$)
Mo Rpeservative Used 6(14.2$)
Ho Reply or Hot Performed 4(11*3$)-36

Laboratories satisfied with present preservative solution a

yes 11(31.7 •)
no 11(31. 7,>)
&$**&&£ ul & {1%. /
no reply 8(£2.fip)«S6

iiwe6$w**e=seet.>ei*!

5. laboratories engaged in research con ©ruing th# replacement of present preserv
atives with a more satisfactory one 5(14.2'-)

Discontinued or Indefinite 2
Contemplated 3

Laboratories not engaged in research 30(85*7$)«38

Laboratories undertaking research for a single preservative for 3 groups but which had bean
discontinued 2( 5*7$)

6* Laboratory Directorsf reaction re effect of single preservative for 3 groups upon 
laboratory service rendered i

help to simplify mad improve service 27(77*1$)
will not help to simplify and improve service 2( 5*7$)
doubtful as to effect 2( 5*7$)
no reply 4(11*3$ )-36

(♦)' Date quesfionaires mailed * February 21,1941,

O)CO
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TABLE 2.

Cultural Charaotor is ties of Organisms*
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B Si.
E.typhosns(53) A Aik. A ec m ♦ ~ A A m A rods ♦ - • typ.
E* n (kawliagsjA Aik. A - - - ♦ » a A • A rods ♦ « typ.
F. * (Mayfield)A Aik. A m «• - m - A A - A rods ♦ - «» typ.
$ .aerytryok©

(Aer) AGAlk. AO AO AG • ♦ a AG AG A
«•

AG rods ♦ aa * typ.
S*enteriditis 

(Bat) A Aik. Ag AO AO «* ♦ - m Ag A AG rods ♦ typ.
S.paratyphi 

(AM) AGAlk. A Aa - A «* a m * flft * rods «ft typ.
s.8 chottaue1ler 1

(B) AGAlk. AG AS AG «ft ♦ - AG AG • AG
•«*
rods ♦ Cft « *yp.

. typh Imur ium
m ) AGAlk. AG - AG m ♦ a AO AO •ft • rods ♦ • typ.

&»4ysent*ricc
M l ) A Aik. A m «» m m a ** m .

*.
«• m- typ.

* ism) A Aik. A • «ft - a A . at aft aa-
rods m - - typ-

S. * (640) A Aik. A - - - a A - -
Sft
rods - • * typ.

S. ” (HyaMay) A Aik. A m «ft • a - - - -
am-
rods • «ft typ.

S.p&radysent 
ariaa (19) A Aik. A m • m aft « A A •

aft
rods « Cft m typ.

s. * ui) A Aik. A - - m - a m A e» m
aft
rods - - m typ*

S. " (35451) A Aik* A m - m - • A A - - rods «» m - typ.
S. ‘f (î araOC) A Aik® A m - - a A A «*»

**
rods «ft • - typ.

£• " (1«3DE) A Aik. A - «• «• m a « A «» m
am
rods Oft - typ.

S.sonnei (10) A Aik. A - 4» 4daA - - A A «9 •
m
rods aa a» «* typ.

s. * (11) A Aik. A m -
&
Sda • a a A • rods * typ.

S. tt (191) A Aik. A - -
&
Ms - a A A A m

«*
rods « - • typ*

S. * (SonbC) A Aik. A
fit
4 da a» m A A « rods <» a» typ.

E.ooli AG A AG AG a AG -
A

©lot AG AO a AG
SIS
rods ❖ ♦ - typ.

AO c Acid ♦ Gasj Ag *> Acid ♦ slight gasj A * Aoidj a * slight aeldj 3da * slight acid at 
no growth or reaction* rBds * gram negative bacilli j typ.» typical colony formation for 
positive5 ♦ » slight HgS production.

end of 3 daysj
the groups ♦ *
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TABLfS 7.

Effect of ‘lest Solutions upon '£•typhosus( 58 ) «

Plate' Counts 'Tn fKousancis
Solutions(*} Initiki"1,’rtr * 4hrs . Shrs» 24lrrs . 48hra, 72hrs. aohrs «

1•Distilled Water(stock) 630* 300. 12. 0.2 0,05 0.0 0.0 0,0
2. * a (glass) 12000. 1260. 900, 760. 300. 70. 20. 4,7
3.0*85/o KaCl.ep. 24000. 20000. 13000* 12000. 3000. 800, 300. 100.
4•30/C Glycerin,cp• 10000. 800. 4600. 1800. 6100. 440. 700.
5,30;* * *rgt • 12750. 6280. 6200. 7400. 3300. 2200, 680. 540,
6*30̂  " ,rgt* in phos

phate buffered saline 9000. 10000. 5500. 5000. 3300. 1680, 910. 280.
7 *5Qpj Ol-/eerin»r*t.+ Cry

stal 7 x o1e t(1s 60000)* 10000. 3000. 4000. 6000. 1400. 590. 420.
8*30> Glycerin,rgt*$ Brill- 

iant Green(1150000) 22750. 4480. 10000. 10000. 2000. 7 ICO, 2440. 2400.
9.Brilliant Green{1t50000) 20500* 13000. 4000. 3000, 380. I. 0. 0,
10•Thi onin(1:100000)
11 .Ba Deroxyeholate (0*50)4* 

Citrate(0.1̂ 5)in 
Ka Ciurate(0#5p)

6000*

13000.

920.

3900. 12000. 12000,

4.

55400.

0.8

10000.

0.

or/nnni WWV *

0.

a onn• X V C*‘wV t
12.Ha Des oxy cholate(0*5̂ )

in fa Citrate(Q.5/i)
15. (5) + (11)

12000.
4000.

10000. *7 r\*v r\UvAdO #
18000.
4400, 1200.

20000.
900.

5300.
220,

3900,
81,

14.K& l>esoxyehol&te(0 *3$) 
in KaCl(0*85>) 5500* 4900. 5000, 5460. 1200. 120. 8. 120,

15,11a. Acetat@(0,5‘C) in 
faCl(l.oB) 24500. 26000. 24000. 28000, 40200. 52000. 40000,

16.Kf(0.01>) in NaCl(0*B6ij) 24500. 10000. 4oU0 • 1000. 12.6 0.0 0,0 0,0

(*) diluent was glass distilled taratar exc*rpt as iiidles ted



rf
cc

v 
t
m

t ."
ol

ut
lo

aa
 

up
oa

 
T'+

t 
.

78

p
IPS

J
s

I
&

j3

Si£hi
f  ■*

If

M

o4;!!i

q  # # ** H H H
O  O  r-» ^  o  O  O  o  O

o o

* * .
°  188 **3£

ci

*» a»
15«$ *,$r«t«
23s
I t• ***$

n
-itr%

Ml3 ............ 6S■ • sgs g ° ° °
'i .*58 **# * • • * *

a  8  8 1  |  3  ° 8 °

* # •ta a q  ms»a o 0

• ♦

• •O o

* * *

8  8
SSt A ** *

<a r>• *a 3 a 8 |
m3wt
*■ *

* *

*0

8ft

* #

Uo
e> 4̂

*r—■

t*t K v

4. I* * r* **r~4
<> -4 -■ ; Oft *'i £ "V* *̂ 4 .. t *s {

m  u »4 ** u 0:• ̂ i.» * * < ***
«* o 4' c*
t . ,K * t* 4» r

•-’ r * or r-4f 4
* f t < r-4 i."
K"t 0 P

3J^  a til4- 11 **  ̂O - ̂  O« '5 w  " *-
^ ^ 8  s i n u s
** " * 3 ^  u Z A S

infill-4 *~. '•:••- *'4

*
'v r-

8

V; -n54'!*S%\
r~* i -•O ;
/i .,*

. .88 8 °

OO
**i \>

* *

♦ * 3 3
§1K?
33

‘V  \
p:#01ti
r -4

# e a " '«-—
r o j - « ft J!! *4* « 9§SV 5J (T'-t» Y:

*
tQ.

* * *m u* m *t"**
• •0Cfe r*4*°3 3 ea ♦«#

e **- “ * j O H  *„ ' * ’*
f <v „-

* •*■0

I
•!>
,.4 —i

8
r .^

rs
fe
.4 .»81€>
* r K



o o # * * • ♦o o o 8 8?*-

& $O r ;
O' ° 1 3 s

3 * *O  O

S*f « • # o  o o

o
ft*ftil

R
i n

• *Q r-t P

#**4

*3p o

o  * *3"at

r i. «3*
!"■■« e\r

S3

J
k j

■ 3 :

I

5

4»
t!

5*>
•HI4.3
r?

*~Hi

■ftR

O  <*»* * * * «O O Q Q

O* « . * * «O  o O  p o■*"■4 -£3 O  OO ly'4
!“* * • « *o  a  €> g  g
«4 r% tb w

° § §  PIT J!8
m

• * • * • 
s g g g a

■r ■# i'jt

♦ * • *O O O Q»
• 1 H

Q
3

W  «SJ • # * •3 «** O *-4

*
Rsn

• *■ *p  O  &

2 ! 3
* * *
SZ-l

8ovftr-J
* *

oa;
3

♦ #

#
8

I*j'--’

#
<?

? *8 81-4 $4

»

%

11
* *

8 s

& P *1 o

s’ J

8 So t- <*
C-3

*o

. 8P O

* *

H

# *u» u»

O tft ** * 11 i 'io  £5
^  *.«.̂  r~4

£  5. / -  -
2  r** ta ♦
4-s n  «sj -,,> fi
«»•? * * " • * _f; ->>-u rH « C*— .

•-44* •- K * *  « o  V3|A 3 O  * r~4-*- «» « *4 * *  Or4 c % a **-*♦— * *nt o*3* S3 O *%-"
*"̂  %!^ ’' ĵ| «  &g
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Effect of Test Solutions upon S.aerytrycke(Aer)«

Solutions(*)
Plate Counts in Thousands

Initial Ihr, 4hrs, 8hr s * 24hr's . 4§hrs• Tkbr's • 96brs•

1* Distilled ?vater(stock) 800. 260. 3.0 0.0 0,0 0.0 0.0 0 *0
2. n n (glass) 2000. 100, 2. • 7 0, 0, 0. 0.
o • 0 .35/e KaCl, cp • 6000. 10000. 1940 . 330, 100, 0 * 1. .2
4. 30% Olvcerin.cp. 1280* 2000. 2500. 2000, 800, .8 ,003
5, 30% n ,r:;t. 10500. 9000. 4900. 8400. 2800, 800. 300. 90.
6<* 30̂  * ,rgt» in phos

phate buffered saline 92000, 100000. 83000. 70000. 4100. 3.6 110. 70.
7. 30% Glvcerin.rgt.fCrvstal 

Violet(li50000) 8000. 9000, 14S00. 1180. 1000. 300. QA ‘ V e
8. 30% Glycerin,rgt.a Brills 

i&nt Grcen(1s50000) 20000. 20000, 10000, 1610, 1050, 24. 20. .068
9# Brilliant Green(li50000) 7500, 5000, 30000. 1000. 200, .3 0, 0.
10.Thionin(1i100000) 6000. 580. 12. .8 0. 0. 0.
11 *¥a 0eer»icv‘cholate(0*5^)+ 

Pe(IH ̂ Citrate(0.1%) in 
fa Citrate(0.5%) bQGo, 2100. f\ 4300, 9800. 45000, 38000. 68100.

12.H& Des oxych olate (0.5%) in
la Citrate(0,5%)

13. (5)+(ll)
8500,
4000.

9000. 
7 SO.

6000.
3900. 1800.

12000,
10000.

3000, 
400C« 39.

1700,
. 9

14.ita B©soxvcholate(0*3%) in 
KaCl(0*85;%) 14000, 4260. 6000. 4120, 3900. 4100. 4600. b 100 .

15 .fa Acetate(0.3%) in iaCX 
(1.0,) 9250. 9000 • 4920. 2000. 3100. 5100. 8200. 16400.

16«KT(0.01/p) in faCl(Q.85^) 9250, 2580. 580. 18 0. 13,4 .033 0.0 0.0

(*) diluent was glass distilled water except as indicated.



TABLE 11.

Effect of Test Solutions upon Sê nteriditi$(Ent)•

Solutions{*)
1'iate G3 till tfl 111 thousands

xnltiaX 1 1 1,111 in " Xat * 41 ’ c s . ...in. ir , . ...
C' i 11* B ♦ c *s a r s. 48hrs. n  t., - 10

1 £ 11 b • J O.; A j, §  #

1 .  Distilled nater(stock) r? £- r\t o U  • 133. 0,6 0.0 rs r\
u . O 0.0 0,0 0  • 0

2, w  *  ( g l a s s ) 1120. 80. 61. 2, • 8 0 . 0, 0.
3, 0*85/4 SaCl.cp. 14000* 1950. 720, 20. 1. .9 .5 .1
4, SOyto Glycerin*cp* 8000. 10000. 10000. 3900. 3000. 220, 10, 1.9
5* S0> n *rgt. 4000. 630. 1900. 103, 200. , 300, 48,
6. 30% * ,rgt. in phos

phate buffered saline 8800. 9800. 8800. 7200. 5100. 1480 . 1450. 180,
7. 30% Glycerin, rgt.-fCrystal 

?iolet(It50000) 6000. dOOO . 3700. 200. 20. 20. 30.
8* 30% Glycerin,rgt*-fBri 11- 

1ant ire@n(lt50000) 13500. 7000. 900. 600, 5>pn& V  « 1.2 .019 0.
9* Brilliant Green(1:50000) 20500. 30000. 20000. 9000, 110. .2 0. 0.
lO.Thionin(lilOOOOO) 10750. 800, 80. *9 0. 0, 0,
11.1a Deaoxycbolate(0.5%)f

Fe(K34) Citrate(0,1%)
in iia Citrate(0.5%) 14500, 5380, 8000 « 6100, 8000. 18000. 20000. 20200,

12.Sa Desoxycholate(0.5%)
in la Citrate(0.5%) 9500. 10000. 12000, 14000. 8000, 800,

13. (5 Mil) 4000. 630. 1900. 103, 200. 300. 48.
14,la Desoxycholate(0,5%)

in IaCl(0.85%) 12000. 13000. 4300, 1800. 1400, 1100,
15.la Acetate(0.3%) in

I?aCl(1.0%) 11000. 1000. 1430. 1. 9. 72, 600.
16.0(0.01%) in BaCl(0,85>) 11000, 1380, 2020. 480, 42.8 4. 0 •

(*).diluent was ylass distilled water except as indicated.
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ĵ.31

&■

*K>

r*4

tO
«*** C

i*
A
©

.*£» « rl * CUr-f 
® * p  ©  

A r |« 3  S3 «3 0  t *  H f

lO K« O
«fr #*<i 4* «*
*-< w * *  **44> «p 4> <w»-IUS ® C O 0 t*H ti e 
«► i>  *» §S 
 ft*

©

lb
e *
J 6
o

t • •Hi CM *0

p  
»***Mr K w

tO

h  t* &
trO tO  W

*  •  ♦«g* tO P

© H  © 43§U§R§rt i H * «  
O  ©

#9 * *

CO

«c
o
£3
iH

p
s

©
«?*>
CM*0

4>
s

V'S?
ifeT J 6> A ,J O ©
© l %*•#’ •  

0  O

Q 4} ft
©  ^  «<r1L? Hi -H sS 

CO *f4 fe, 
53 O 4* 
O  . PHt

0   ̂̂E! M
w*4 m  w*. p ;

g f i - *  a
*r' Pfcji «*4*£2 .̂4

©  A
««t H t

• 0

t o

• •

«  «
0  o

H t

t ?

t o  m

CM

Q

8
CO

>
Q
CO

«
O
§«u»

*4

«©>H

H

sJ

m4f40 
©%«*» p©  ‘W  
<*> ©  (0•3 £
X  4» 
t>8̂» tO  ^

e o

o

f ) J 4> '
©

H t

o  • •p  ©
CMCM

o  • •D ©

O

o

*<4

« •
# »

* *
o  p

3
to

* * 3 ©P HS CM
* •

31
tO

H iHI

.* J6© a«5 tt*
— - A - M-

* r4 O

K

VO

a

'fni)

is*•
CMHI

Jt ̂
w  @s 

|S  
•  *  60

60 '-*1 <30 •* nO' 's~* ̂  *H 
• w  0  O  
,H  4> 46̂O' ft. #H !:■•'''. 

M  H I
i  t r t O  

0  o  ♦

a ^ # e
10
<r*f

«£>

H*
©
O
mrt
n>

4?
c>

©

ts
©

•pi
©

•p i

<25

f#

•*•4
•C3

#



€*!

Si
S

Li

o o o o *33• • •
8 a sd

o o

© o o  o 
•<?e?o*

o o m  m

8

S  S 8
ff
• • ♦ •S o ©©  ©£*” so «3>

s

•"--s *-

ca u

p» u*

f i!>****♦ *»

* 9 1 %* JS ?
" M

J S . ' t  V O  41 J f*4

JS o«k*8»f
>*©

o •»
*•$ *| <J m

st 
%&&&* 

j&pm 
p#H'|̂

sxp 
ss»t*



94

o
H
a|sSHI

*s**
g.<K

f J
I |

<o
$

•I o q ^
o

£
£

4,s*s»4Jfl**H

I
wM'
Isa

fc© #*4

O  O
o* * • * *

£ 8t*4 m

8 8  8

sd
O
O

Cvl
O

oo

S o  ©  
* *o

&  m  
m

to £0<N«

oo Isi
(HP fO

tf <5 8• ft
flw

Oft *3

«aft * * •
°  g g ram  **# 1

oa

£ £ ̂CD *5

I S5 **»

O

•ft &• •to

o

€©

-ft* cs to»£} pH tD

m  © pa to
«§& *$,31S?«* «? ftf &>

OO  4**sft :© O up?

g « oJ
6

33 S'- 'm # 0  ©  OIS O  »  •» 10
"ft ft ft ft ft ft«4M 1ft *ft «o ©

ft•si
©4.9
-3t>

(*)
 t
filt
itrr
i 
mi
 
f,l
asa
 
dis

til
l©#

 m
ta
r 

&$ 
Is
A



SI

oIJtS
4-*

M

$
0

E *

u4

4»
*ri13

4>
P

O
«>

©  ©  ©<S cJ #5 %S
fH»

o i o

o
f i tH I

i : 5  I

< 3 * 4  4 4  <£O  r*l ■’SitO »9 
H

; <3 * < 1 0 0  ct
m i  ®fe« s s

«5^<5J
4* MfS

3* iCO
H  C?» W

3siil*"* §  44 m  m

m* fjf * 3  ̂

©
4>

9

m

a

m  t&

5  o  ©

• ©  < 5

3© o o • • #© ©■

«4

CD 6 -* • *

* « •© © W £0 tO 
Cl# H

fcf <5
© ©

* »

m
9

O
93

©

w  «a «e»

m

Si . | 2 * „«3 fcl _ 4*P* *# H > &s m ta ®

A*
«N

**S©

©
€?

evj8 B • •

§9 9 9 9 9

8 S*# §  8
t-t H  Hm> ft

i  i i

u
0
4 ':

*53
©

f*4
H
* 4
4 3
«f»

• U* 14 STA* 4 »«4 «S? .. ,
l“* -14 fc> ©  fe#O  # 14 ©« r  n . _H  ft & *£3 H
i:=

H  04 i& «8* © «5£»

S
«o m

m

* M  S3 -S3 W f  f * # 0 ft S» *4 H O C
ItH H

(*)
 i

ilu
sst

 m
s 

rig
ss 

dis
til

ls*
! 
*t
tr
 
6%f
*op
t 

as 
In
di
ca
te
d#



T&BIB 26.

Effect of Test Solutions upon S.sonnel(19l)

Plat© counts in thousands
Solutions Initial lhr. 4hrs. 8hrs* 24hrs• 48hrs. 72hrs ., 96hrs.
1.Distilled ¥&ter(st©ok) 400# 12# 5* 2. .012 0.0 0.0 0.0
2# « (glass) 4060# 600# 400. 120. 27. 1.8 .049 0.0
5# 0#8^ IeCl,ep. 6000# 5000. 1000. 150. SO# 7* 4.7 2.
4# SOt Glycerin,op# 7200# 8000. 810, 2. ♦012 0.0 0.0 0.0
5. 30C w ,rgt# 6000# 330. 1700. 53. 38. .9 .008 0.0
6# SOC ” ,rgt. in phosphate

buffered saline 8040# 9000. 750. 500# .8 0.0 0.0 0.0
7# SC14 Glycerin, rgt •♦Cry

stal TioletCljSOOOO) 4000. 3000* 1000. .09 .012 #008 0.0
8# SOft, Glycerin, rgt •♦Brill

iant Green(Ii50000) 2000# 180. 80. 50. 50. •9 0.0 0.0
9* Brilliant Green(liSOOOO) 5600# 4000. 3000. 2000. 200. .8 0.0 0.0
10#Thionin(l3100000) 6000# 1500* 7. 0.0 0.0
ll.Na Desoitycholat©{0#8̂ )+

F#(IH4) Citrate(0*2̂ )
in Na Citrate(0.8̂ ) 10000# 400# 40. 110. 1200. 890# 100. .093

12«Ia Desoxych©Iat@(0.§^)
in Ha Citrate(0.5̂ ) 13000# 15000* 11000. 1000. 3. 0.0

IS# (5)♦(!!) 6000# 940# 4900. 2800. 8. 1.2 0.0 0.0
14#Ia Des oxycholate (0.3f»)

in faCl(0#85$) 13000# 1200# 780. 320. 9. 0.0 0.0 0.0
15.I& Acetate(0.3$) in

MaCl(1.0p£) 8500# 860* 740. 32. .2 0.0 0.0 0.0
16•XT(0#02̂ } in HaCl(0.85^) 8500# 60. 2. .9 0.0 0.0 0.0 0.0

(*) diluent was glass distilled water except as indicated#



TABLE 27*

Effect of Test Solutions upon S*sonael(Saa. UC)#

Flat® counts In thousands
$pintIona Xaitl&l lhr# Ahra# Shrs* 24hrg# 48hra 9 78lira* 96hre#
1*Distilled % ter(stock) 780. 95*4 0. 3 0,0 0*0 0,0 0*0 0.0
2* * w (glass) S080# 80D* 100. 80* 12. *8 #077 0.0
5# 0*85^ SeCl.ep# £8000# 20000# 5000* 1470# 170* 36# 25# 5*0
4# 3C^ Glyeerin.ep# 10000# 11000. 10000, 9200# 4750* 76O0* 3600* 5300#
5# m  n . #rgt# 13000# 17000. 13300* 18800. 8200* 1000. 720# 190#
8* 3€pC !ff #rgi*in phosphate 

buffered saline 7800# 8000# 7700# 7100, 5100* 620# 540. 120.
7* S0p£ Glyeerln.rgt#*Cry’->

crtal ?iolet(l«50000) 6000# 7000* 5000* 2310# 800# 100* 180.
8# SC^ Glycerin#rgt•♦Brill

iant Greexi(li&OOO0) 13800# 8880. 1730# 1050* 920# 28*9 .087 #006
9# Brilliant Green(l«60000) 15700# 10000. 6000* 4000* 1900# #8 #002 0*0
10# Thlenln (11100000)
11#I& Dee oscyeholate (0#% )* 

citrate(0*1̂ ) 
in la ,Citrate(0#8̂ )

117S0#

12250#

8200*

3980# 6000* 4500*

2*

6400#

•3

3650#

*6

8000*

*226

8800#
12#ia l m 6xyoholaie(0#&;&) 

In Ka Citrate(0*5%) 
IS# (5 M n )

14000#
5250#

14000.
6000.

10000.
€300* 4200#

17000*
800*

6800#
340# 8*

4700#
o#e

14#fa r'eaoxyoholate(C#^) 
in IaOl(0#8®>) 16000* 13000# 6210# 4820* 8900# 9400# 15800# 15500*

15.8a Acetate (0*3/0 in 
WaCl(l.<£) 12000# 10000# 8000# 6000# 17800* 31000* 31200#

IS #17(0.03,1$) in SaCl(0#85%) 12000. 9* .021 0.0 0*0 0*0 0.0 0.0

(♦) diluent ms glass distilled water except as indicated#



TABLE 28*

Effect of fast Solutions upon B* coll#

(*)
Plate counts in thousands

Solutions Initial lhr* 4hrs, 8hrs, 24hrs. 48hrs* 72hrs, 96hrs*
l.Distilled Water(stock) 580, 17*8 0*0 0,0 0,0 0.0 0,0 0,0
2# * ® (gift®2) 12000* 160* 110* 90* 7. *8 1,75 #9
8# 0,85^ faCl.cp* 14000* 1860* 5000* 4000* 6000, 8200* 9800, 40#
4* 30^ Glycerin,op* 40000* 32000* 14000* 7700. 4000* 4500* 2600, 2100,
5* mi n #rgt* 12000* 10000# 11600* 11600, 5800, 500, 869, 520.
6# 50$ * #rgt*in phosphate 

buffered saline 18000* 14000# 15000* 8000, 6600. 5000, 1020, 580,
7# 50$ Glycerin,rgt•♦Cry

stal nol@t(li50000) 8000* 8900, 10000, 5000# 1000, 760. 520.
8# 30$ Glycerin,rgt•♦Brill

iant Green(1s50000) 11250# 15000, 10000, 2400. 2310. 2500* 290* 180,
9* Brilliant Green(lj50000) 15000. 2420, 1120. 490. 10, ,061 ,008 0*0
lQ,Thio»i» (11100000) 
ll.Ka D@soxyoholat©(0*5^)e 

Ciirat#(0*l$)
in la Citrate(0,5$)

12000*

8000*

410,

2160, 1880. 920.

2.

550.

*9

19*

.6

2.7

.004

,8
12*Sa Iesoxyoholate(0#^) 

in la Citrate(0*5$)
13* ( 5 W H )

9000.
6000*

6000,
7000*

6000,
5400* 2800,

8000,
300*

3200*
530,

2600#
86,

14#H& B.es.o$ycholate(0*3$) 
in IaCl(0,8§$) 15800* 13000, 7000* 6000. 6600, 7600, 9800* 9400#

15.1a Acetate(0.3$) in 
HaCl(l,C$) 47000* 48000* 68000* 60000* 6900U. 78000, 82000* 90000*

16*KT(0,01$) in I&C1(0.85$) 47000# 40000* 41000, 10000* 5*4 #2 0*0 0,0

(*) diluent was glass distilled water except as indicated#



TABLE 29.

Effect of Solution 11 upon Organisms in Simulated Specimens,

Series A#
Plat® counts in thousands

Organ ism Initial lhr. 4hrs. 8hrs. 24hrs* 48hrs, 72hrs. 96hrs.

E,typhosus(T58) 450* 560. 1670. 80800, 51200, 56000, 35000,
E, n (iawlirxgs) 690. 400. 680. 40000. 24200, 102000, 42000.
I* w (Mayfield) 250* 260. 240. 11000, 51800, 24000, 10200,

S .aerytyeke (aer) 1280* 900. 900. 6800. 16600. 30000, 26000,
S,enteridltis(Bnt) 670. 520. 41.2 1400, 25400, 82000. 12800,
S.paratyphi (A54) 1020. 1600. 1900* 1800. 14200, 22000. 31200.
S#schottiu©ll®ri (B) 1270* 620. 488. 1800* 16800. 28000. 22000,
S.typhlmirlum (TM) 920. 820. 620. 4800. 26800. 54000* 20200,

S*dysenteriae(161) 160. 80. 10.6 7400, 30000, 48000. 42000.
S. * (059) 160. SO. 7. 1200. 10800, 16000. 12000.
S, w (640) 170. 41.2 100, 11800, 24400, 48000. 40000.
S* n (VySivMy) 290. 230* 500, 600. 12000, 20000, 22000.

S*p&radysenteria©(13) 1100. 820. 760. 1800. 19400, 56400, 32000.
S. * (El) 210. 25.5 ISO. 17200, 48400. 82000, 86.
8. * (35451) 210. 210. 210, 32200, 22400, 42000, 25300.
S. * (1-3DB) 480. 280. 420, 5400. 15400. 30000. 8800.
S, " (ParaUC) 600. 510. 680. 4000, 13600, 44000. 8600.

S,sonnet (10) 880. 610. 2100. 21400, 7000, 66000. 52000.
S* w (11) 865. 700. 13400, 9200. 58000, 44000. 20000.
8. " (191) 280. 21.2 1S.1 2600. 10400. 32000. 3120.
S. w (SontJC) 1560* 680. 820. 9600, 18200. 28000. 3800.

Contro1(uninooulat®d stool) 9. 10.1 19, 47. 22. 19,
(on Extract Agar pH 7,2-7,4)



TABLE 50*

Effect of Solution 15 upon Organisms in Simulated

Organises
i,typhosus(f88)
E, ” (hawlings)
E, M (Mayfield)
S «aerytyeks(Aer) 
S.anteriditis(Ent)
S *paratyphi (A34)
S * aohottaueileri(B)
S • fcyphimurium (TM)

S«dysenteries(16!)
S* * (659)
S* tf (640)
S. n (l)ysMay)

S*paradys©nteria@(19) 
S* (21)
S. «

Plat© counts in thousands

o ,
o.

(85451) 
(1-8UE)
(ParalJC)

K.socnei (10)
E. " (U)
S, " (191)
S. " (SffiotJC)

Control (uninoc’ilatoe stool) 
(on Extract Agar pH 7.2-7.4)

itial lhr* 4hrs, Shrs, 24hrs. 48hrs, 72hrs, 96hrs,
450* 590* 1000. 10800, 22600. 30000, 21000,
590, S40, 980. 6000. 15200. 24000, 18000.
250, S60, 420. 5400, 13000, 28000, 84000.

1280, 1040, 1160, 4000. 13000, 24000, 6000.
670, 620* 42.6 100, 8000* 4000, 3000.
1020, 1780, 1810. 1600, 9100. 10000, 8000,
1270, 980* 560, 12800. 20200. 10000. 6000,
920, 930, 1000. 14200. 980, 17000. 10000,

160, 80, 20, 1200, 21000. 29000. 19000*
160* 60* 60, 3200, 11000, 13000, 6800,
170. 37*1 29. 1 '00# 5200. 42000. 20000,
290, 180, 53. 800. 8800, 38000, 18000,

X100, 710. 88, 2000. 10400. 8000, 2000,
210* 52*2 3.6 2. .8 62, 72,
210. 170, 1000* 8800, 24800. 12000. 10400,
480, 400, 380, 9600, 8800, 28000, 10800,
600, 560, 210. 300, 12400. 20000, 9800.

880* 530. 960, 2000, 1800, 122, 900.
865, 620, 1220. 10400, 12800, 20000, 11200,
280, 1000, 2,2 400, 8800. 22000. 21600,
1560, 780, 920. 1000, 5800. 22000. 8000.

6,9 8,2 220. 810, 3100. 7900.



TAB IE 31,

Effect of Solution 11 upon Organism* in Simulated Specimens*

Series B.

Flat© counts in thousand*
Organisms Initial lhr. 4hrs# Shrs, 24hrs. 48hrs, ?2hra. 96hrs.
E.typhosus(T5B) 69# 80# 32.2 200. 8400# 8700# 12800, 16100#
E# * (Rawlings) ?0* 100. %% O yuvw 100. 9600# 8100, S400. 7300#
B, * (Mayfield) 12. 100# 26.2 200, 7800. 8500, 9400. 9900,

8 #aerytryeke (A©r) Tl# 100# 10.2 12, 1200. 4900, 13400, 17100#
S.enteriditis(Ent) 126. 3.3 11.8 11, 8600. 8400, 11200, 10100.
S *paratyphi(A34) 58. 20# 9,8 8.6 J'vr , 6500, 9200, 16900,
S.-sohott Jsuall©ri(B) 68# 9.8 14,2 13. 15000# 12900, 7800. 12600.
S.typhimirium (TM) 69. 40. 21, 80, 7000, 8900, 10200. 8300,

S . dys enter ia©(161) 29# 20. 9,4 10.8 580, 9100, 13200, 10100,
S# * (639) 2.65 2.4 9,2 24. 8600, 10800, 10200* 10100.
S, 11 (640) 17# 10. 12,2 6.8 2800, 8400. 5200. 13700.
S. " (Dyslfey) 4. 2.2 9. 14,2 12800, 14700, 19400# 10800.

S . parady©. .n t er iao (19) 70. 30. 10.8 200, 10800. 9300# 9600. 12600,
S, " (21) 21. 7.4 14,2 12.2 6600, 7800# 9800. o i uO.
S. " (56451) 54. 40. 51.2 26. 5200, 4100. 8800, 5900.
S. * (1-5DE) 101. 100. 220* 200. 10200. 12900. 16600, 12100#
S. * (ParaTIC) 55# 58. 11,8 18.4 9600. 9900, 11200. 11900#

S#*onnei (10) 104. 110. 30# 13.2 6200# 6100, 6400, 7500,
S# * (11) 44. 60. 14,6 16.2 860, 6800, 11200, 14100,
S. w (191) 20. 10. 13,4 100. 8800. 9100, 10400, 8700.
S, * (SonUC) 104. 100. 24,2 28.6 4800. 5100, 5200, 8900,
Control(uninoculated stool) 3.8 20,6 23. 78, 83. 36. 1.9
(on Extract Agar pi 7»2-7#4)
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Effect of Solution 11 Is Sim dated
S©ri#® D.

tyjjtiostiij (75-3 )
* (Sâ lls $)

(w^ m &)

ft «MytryeS^CMr) ̂

s.^i*typhl(A$4)
5 .oehcrttamilar i {B}:.> *%*vhizmrimk{ f M)
S*£ysefttorto»(l&l}
i. J (&4v)
s* ’■ (5y»^)
S#pamB̂ B«?itej*leo( If )
S. * (21)
S* * (354*1)
*■ “ (14;.!)

(f&rntlC'
0 m<•*
i-m

Hat# counts la thousand©
3fhrs< 4Shfi<

S*8cnft9l(10)
S. * (11)
s . * ( m )
S. • <6«rTTC)
Control (mi taeo«l&t#a steel) 
{ m  ftctrtot Agar pH 7*2»?*4)

ISSejt™
11$. m m 9.7 3*0 «nr disease
91* XTO. .0 W F *
62* 40. 75. met over »

34* 30.0 33. 0.0 over *
72* 25*1 IS* ever m m ft
42* 20.1 11* m m m m a
22* 1.9 12.0 1*8 over »i
Ilf* 110. 180* 0?®r over «

42. 1*6 2.1 o w over w
14* 14.9 If. m m m m 8
78. 100. 120. 0.7 over ft
22rn 8.3 6.1 ever mm «r

70* SO* 3.5 m m crtrer- ft
56* 9*0 8*0 omr ever ft
99 m 90* 20* mm s w r ft
40. 13.0 IS. m m er#r ft
84. 30. 3*5 m m over ft

21* 180. 6S0. 90. m m it
98* 190* 17.0 0 W m m «
4.6 2.9 2.1 m m m m «
77. 60*. 11.0 m m m m ft

14.0 21*5 1900* 8900* discard

O w  • as -overgrowth of oollfom rooolttn?- Is so characteristic celestes of the pathogass ofcsonred ta 
either liter (1*1,0} or fitch dlluti/m pletea {1*10000)*



TAist*?. 34*

Rmm&ry of Organisms frais 8%mm l&fcei C
«miBto>i>i«mirw uhm̂ -iwmwIbi .twftw s  Moatraffifin/t nwin«iiwwmiiiniiiii rnm m *m m m ir *Mnwwwn» .MMMn i M M i w  «*d

Preserved with Solution 11*

rwgmlmm Media Initial Hur. "~"“H§fore. ®iri* WtoiT"*̂ gHrs7*”" ^^FS.
tmbyghmm v®*) End# Agar 89.0 41.0 80*0 4300.0 2200.0 6100.0 6900.0

Daaaxyobolate 
Citrate Agar 89. 1.8 6*3 880* StO* 140* 210.

to©C<mk©y Agar
2;- Agar

89.
89.

m
2.1

nott*laatoaa
8.6

farmenter*
100#

obaertned. 
90. 160. ISO.

K*typhoetsa (Bair "ado Agar 101. 36. 8. 200* 2600. 4100* 5000*
lings) 1 ©aoxyoholat®

Citrate Agar 101. 3.6 6*8 380. 210* 230. 250*
clacCoiikey Agar 101* 70. 2* 20. 80. 120* 160.
Sr Agar 101* 11.2 .2 SO# 60* ISO. 120.

E#typh©»ti8 (Slay tod© Agar 82. ©3* 50. 1000. 2800. 4300# 5100.
field) lasoBEybhol&te

Citrate Agar 82. 6.8 8.7 020# 820. 510. 160.
fcmeCaafcey Agar 82* 6. #08 630. 300. 200. 800.
S3 Agar 82. 5.1 9*8 440. 1 20. 160* 230.

S.aarytryeko 'tod® Agar 83. 83. 30* 1100. 7 CT. 8900. 10200.
(Aar) baaoâ yoholat© 

Citrate Agar 83. 8.8 2.6 74. 500. 1020. 1210.
tooConkey Agar 83. 14# 10. 12m). 2400. 7200. 8700.
SS Agar 83* 12.2 14.8 120. SCO. 112. 168#

r .©ntoriditla tod© Agar 96© 38. 180* 1300. 4200. 6400# 5700.
(cat) laaagyeholAt*

Citrate Agar 96* U k. 1.8 22. 000. 880. 430.
.aaCanl&y Agar 96* 1** ( *1 MV*
V- „ *?ff r *. c* 60, ~o* U  * -« %

h r. I* •fit <~f* ■% "ighfl'-r %. ̂  * ■*¥ * 5* .
■ 'S4.v "*-b«

• ****** r*. •*
toatoaikay agar
sr Agar

r-.
88*

n©
8.8

non-laotos©
C.l

fereoatars
8.2

observed*
2.1 4. 3.1

S .sohaib̂ iiell tod® Agar 90. 24. 100. 2800. 1800. 2600. m m *
art (8) toa&ssyehalat® 

Citrate Agar 90* 1.S 3.8 8. 100* 13. 8*
Maetonkey Agar
$C A*.ar

90*
90*

m
8*4

non«laei©8©
1.1

faroenter*
2*8

ebsarrad*
*6 3.3 7.

>.typhl̂ arf\*m
(TK)

S.dysanteriae
c m )

S.dyseetariaa
(6S9)

idyseatorioo
(640)

> dysenteric
i

»parady*«ot
®rls®(l§)

lad© Agar Si*
&«iexy&hol&t©

Citrate Agar 95*
Maetonfcey Agar 99*
SB Agar 99*
End® Agar 30*
toaaacyebolat®
 ̂Citrate Agar 30*

Aetoiitey Agar SO*
SS Agar- SO*
Fad© Agar ?S*
toMoyeholat®

Citrate Agar 70*
ffceCankay Agar 76*
SS Agar 76*

•*-¥* * 

*rl**'£T

O0paraAyssnt

»para6ys*flft

tod© Agar 100.5
besosyebolate

Citrate Agar 100*8
tjaaConkay Agar 100.8
fE Agar 100.5

rnd© Agar 51*8
T^i®cy®h®lat©

Citrate Agar 51.5
MaeC^toy Agar 51.8
.b Agar 51*5

l^d® Agar 46#
CeaoayehQlat©

Citrate Agar -mpm
’‘afcai-aoSiay •

% >r
©a a&y&hnlate
Citrate Agar 98.

to'iCenkey Agar 98.
Sb Agar 98*

End® Agar 68.
) Ces«yeh9l*t©

Citrate Agar 88.
tooCcaakey Agar 88*
s: Agar 85.

tod® Agar 60#
•) ‘.©aoxyoholat©

Citrate Agar SO#
to©C«sl©y Agar 80*
s:: Agar 80*

End® Agar 69.
; ) %':m©xyeholat©

citrate Agar 89#
!%©C©nkey Agar 39*
SS Agar 69*

:-.s©an©i (10) tad© A.ar,esaxyohoXato
Citrate Agar 

FooConlcey Agar 
ss Agar

S.soimei (XX)

;.s©an«i
:c)

Agar 
tosoxyoholat©

Citrate Agar 
ifeeC©ntey Agar 
SS Agar

Fad© Agar 
Peg ®xyeb o l&t a 

Citrate Agar 
to®€©»k®y Agar 
SC Agar

93.
03#
93*
93*
04*
94*
91#
94#

134*
134*
1-34*
134*

83*
*a

36*
4*0

a©«
( #1
4S*
{ *1 
no
3*8

OS*
#4

no
4*6

41.

104*
3*9

61.
2*9
9*

non^laatosa» «
( #1
$.
( *1 non~laetos*

§70*

4*3 
72*
160.

SO*
faraantor*

n

.$
too.

8*2
120.
20*

3100#

7400*
3*3 

1320* 
80*

5000.
®b«erwU»

( .1 
farasBtars

4200*
*2

4#
4500*

*S
©bs«rwd<

7900.
4*8

1020.
160#
6200.

9.
6600.

*6

C a 1.0 30. ISO. 90*
20. 280. 8200. 7600* 8100.
C .1 2* 2.8 80. 12.

ncm-lactosa
2.2

f®Fm®fit©re
.9 10#

obs armed.
120. 580.

90. 210. 800* 4600* 3900*

(a C .1 (a .3 .3 .9
4* 20* 40. 200. 300. 8(K).
3.2 .5 1.8 90. 210. 300*

oB* 90. 520* 180* 3200. 2900.

U. 9*2 100. 50. SCO. 270*
6te *?=* •'--* «eX'. 5to *
#»S 4* b* ' 4lu%

6100.

10.2 l.S 140* 8.2 100. 30.
ft© non-laotos© fer^nters obaerrei*
28* 3.6 2.2 210* 350* 270.

84* 8* 2O0. 4800# 6700. 5400.

12.4 S.l 20. 18. 13 j* 17.
li® ooD-laatoea farmerter*
0.8 2.7 1.2 560# A'O. 640.

73. 10. 38* 8000. SXuo. 5300#

20# 8 
28* 
21*8
SO*
16*2
a#
12*8

34.
a©
10*6
82.
*2

36.
(#1
38.
a®
25.
«2

6*3
9.
13.6

%j0
4.0

2*9
300.
3.1

o*
600.2*8

12* 
10 00. 

$.1

10* 620. 4800# 8300* 5500.
6*8 740. 20. 60. 180.

B0ft>*laet08© ferwmtmi obserrad#
7.4 540. :cc. 470* 310.
120* 1000. «i>0w# 1100. 2000#

n©n**X&©t©s®» .
*6

SO.

7#
(#1
20.

non-l&etos©
3*(*1

fan»nt#r#

1.1
900.

.8
300.
3.1

290.

1.8
800*
9.8

1*00.
1*2

1000*
farnaittars 1000. 1200.

©bs onredin
St.

2300.
100.
2400.
21.

2100.
observed#

too*
28.

80#
$900#

8.
% % m *
i m *

$ m > *

1200.
22.

©rstrol (an
inotrnl&bad 
A* "4 *tt -v «wr 

(pH 7.S-7.4* 6. 30. 101. 63. 53. 411

»,1 • less than V^*
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FIGURE 1.
Effaot ££ Taat Solutions upon E.typhosus(58).

®"V

Hours



FIGURE 2.
Effect o1' Tent ToV: *-,1 one upon E.typhoeus (Rawl ln̂ w ).

1IO'
IC.-J



Jiours

L o g a r l t h i n  o f  P l a t a  C o u n t

ft

1̂*



Lo
ga

ri
th

m 
of 

Pl
at

o 
Co

un
t

FIGURE 4.
Effaot of Toet Solutions upon £>• aerytryolce(Aar).
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FIGURE 5.
Effeot of Teat Solution* upon S, ent«rldltl<( Ent).
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FIGURE _6.
Eff#ot of T#«t Solution! upon S« parttyphl(AS4).
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FIGURE 7.
Effect of Toet Solution* upon S, »ohott»mcllerl (B).
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FIGURE 8.
Effect of Te«t Solution* upon S«typhlmurlu»(TM).
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FIGURE 9.

Fffect of ?«it Solutlona cpon S.dysantorlae(1P1_)»
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FIGURE 10.
Effeot of Teat Solutlona upon S . dyg enter 1m  (6 59).
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FIGURE 11.
Bffotft of Toot Solutions upon S.dyaenter1to(640)«
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FIGURE 12.
Effoot of Test Solutloni upon S.dyiqnterlM(Dylfcy).



FIGURE IS.

Effsot of Test Solutions upon S»peredysenterlse(19)I«
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FIGURE 14.
Sffaot of Taat Solutlona upon S«paradygentorlaa(21).
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FIGTTBE 16.
tffoot of Test Solutions upon S«p*r»dy»»nterlae(36461)«
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FIGURE 16.
Effaot of Ttat Solutions upon S.psrsdysantorlM(1-SD1)k
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FIGURE IT.
Effect of T««t Solution* upon S,p*r»dy«ontwr U * (P*r*PC).
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.FIGURE 18.
Effect of Te«t SolutloM upon S* tonnel(lO).

C

c

c

C

No



FIGTTHE 19.
Effsot of Test Solutions upon S«»onnel(ll).
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FIGORE 20,
Effoot of Toot Solutions upon S«oom>oi(191),
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FIGURE 21.
t of T«it Solution! upon S.«onn«l(SonUC).
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FIGURE 2£.
Effoot o' Test Solution* upon E.ooll.
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FIGURE 2*.
tffoot of Solutlono 11 ani 15 upon O r g m l a n  In S l a n t e d  Spoclaong
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FIGURE 24,
ftffaot of Solutlon» 11 and 15 UP<”  Organ!tiM _ln SlaQlatad Spaolmone 
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yiQTTRE _26.
Effaot of SolutioM 11 and 15 upon Organlint In Slnldated Spoolnona.

Solution 16Solution 11
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gfoot of Solution 11 open Organl*—  in Blattotod Spool— no.
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FIGURE 29.
Effect_of Solution 11 upon Organisms In Slml&atsd Speolmena.
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FIGURE 30.

Bffoot SL Solution 11 upon Org»nlgw in Sl»jl»tod Sgeolmone,
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