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Introduction

The isolation of pathogenic organisms from mixed dacteriologi-
cal cultures has always been a difficult problem, primarily decause
the pathogenic bacteria are generally s small minority of the organ-
iens present. Furthermore, the pathogens, as a rule, are fastidious
organiems that demand special media, whereas, the non-pathogens fre-
quently grow vigorously, particularly on the special media employed
for the pathogens. To hold back the growth of the non-pathogenic bac-
teria, it has been necessary to employ inhibitory agents which are in
genersl, more selective for the non-pathogenic group than they are for
the desired pathogen. The isolation of the Salmonella group frem feces
is & good exsmple of this problem. KNumerous media and kinds and types
of selective agents have been tried and recommended. Some have proved
to be very useful and others which have been highly recommended have
failed coupleteiy in practical use.

A review of the literature revealed considerable confusion as
to what constituted the bdest method of isolating enteric organisms.

It appeared advisgble to make a detailed study of the various recom-
mended media both with pure cultures and in practical application.

This thesis presents such a study.
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Historical Review

Yo attempt will be made intentionally of citing the various re-
searchers and their contributions, but rather the different media will
be reviewed, to show the author's development of a medium and his rea-

sons for recommending the medium.
80114 Media

The Wilson bismuth sulfite agar (1) and Wilsen and Blair (2) modi-
fication of this medium have been used as selective medium for enteric
pathogens by almost 211 investigators. The principle upon which this
medium is based includes the fact that the Salmonella are able to re-
duce sulfites to sulfides in medium containing a fermentabdle carbohy-
drate (glucose) smd metallic salts (ferrous wulfate) and as a result of
the reduction, the colonies of Salmonella and the medium surrownding the
colonies are blackened. Wilson and Blair (2) found the gluscose an indi-
spensidble source of energy and found further, that the acid produced
from this sugar facilitated the characteristic changes by bringing the
metallic salts into solution. A comdination of bismuth snd sodium sul-

fite causes a suppression of Escherichia ocoli without reparably suppress-

ing the development of the Salmonella colonies. Sodium phosphate was
used as a buffer to absord excess acids produced by the fermentation of
glucose, thus insuring the dlackening of the Salmonella colonies. Bril.
liant green (3) aided in the inhidition of the colon group as well as
promoted the blackening of the Salmonella colonies. Schmidt (U4) in a
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prectical study of bismuth sulfite glucose medium confirmed the find-
ings of Wileon and Blair. Gunther and Tuft (5) obtained many more pos-
itive results from bismmuth sulfite agar medium in a comparison of the
results from Endo's, eosin methylene blue agar, desoxycholate citrate
agar and bdismuth sulfite agar medium. Ruy (6) found that bismmth sul-
fite agar gave rather poor results for the isolation of Sealmonellas.
Hynes (7) concluded from his research that bigmuth sulfite agar medium
inhibited gram positive orgenisms completely and all E. coli and sup-
vorted a good growth of $. typhl, and the Salmonellas in genersl.
Gibdons and Moore (8) found biemuth sulfite medium too selective in
their experiments with egg powder.

MacConkey's agar (9) is probably the moet commonly used selec-
tive medium for the isolation of the typhoid-dysentery group. Most
state health departments employ MacConkey's agar in combination with
other s0lid media for the isolation of enteric pathogens. This medium
1s based upon the general principles that organisms of the intestinal
flora may be isolated by utilizing lactose, dile salts and dyes. Bile
inhibits the non-colon types and enhances the growth of intestinal bdac-
teria. Lactose indicates the presence of colon forms by the production
of acid and gas. Neutral red is used as the indicator of this oxidsa-
tion and reduction phenomenon. Crystal violet inhibdits the growth of
gram positive organisms by its selective bacteriostatic action.

Hynes (7) suggested a variation of the usual formmla; peptone,
sodium chloride, sodium taurocholate, neutrsl red and 1 percent lactose.

In the place of the lactose, he used 0.5 percent sucrose and 0.5 per



cent lactose. Typical red colonies developed and sucrose fermenters
as well as lactose fermenters were easlily recognized.

Knox, Gell and Pollack (10) found that though MacConkey's med-
ifum was usually reliable and supported 2 good growth of pathogens it
sppeared to favor the lactose fermenters at the expense of the non-lac-
tose fermenters. Gibbons and Moore (8) found MacOonkey's agar medium
not selective enough for isolation of the Salmonellas from egz powder.

Leifson (11) presented a medium based on the principles that 1f
a solution of neutral red or a similar dye and sodium desoxycholate are
acidified, the neutral red goes out of the solution with the precipi-
tate of the desoxycholic acid. The bile reduces the toxicity of the
dye to bacteria, and iron salts (ferrous citrate) increase the inhibi-
tory effect of the medium upon contaminants such as E. coli end other
lactose fermentere, while they lessen the inhibitory effect on the path-
ogens. There are several modifications of Leifson's medium. Difco's
modification S S sgar was studied in this investigation. Difco adds
brilliant green to the medium to inhibit gram positive and non-intesti-
nal bacteria. Sodium thiosulfate indicates the sulfite reducers by pro-
duction of hydrogen sulfide.

Gibbons and Moore (8) obtained good results with desoxycholate
citrate medium. Hynes (7) modification of this medium gave good re-
sults but was difficult to prepare. Guntl;er and Tuft (5) found bismuth
sulfite agar superior to desoxycholate citrate medium. Darby (12) reco-
mmended S 8 agar medium for the isolation of S. pullorum from chicks.
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Harris-Holt and Teague (13) recommended the use of eosin-meth-
ylene blue agar which utilised the two dyes in combination with lac-
tose and sucrose, for the isolation by differentiation and inhibdition,
of enteric organisms. Teague and Clurman (14) devised an eosin-brill-
iant green medium which inhibited lactose fermenters and gram positive
organisms and differentiated between those that grew and the pathogenic
non-lactose fermenters. IKnox, Gell and Pollack (10) suggested a medium
utilizging the three dyes, eosin, methylene dlue and bdrillisnt green.
They found that the gram positive organisms and lactose fermenters were
supporessed by the brilliant green, the lactose fermenters that grew
could be readily Adifferentiated by the oxidation-reduction action of
the methylene blue. The Proteus group was also inhibdited.

Brilliant green liver-infusion sgar medivm was recommended as
a selective medium for 8. pullorum by Mallmann, Therp and Semmes (15).
Liver-infusion agar was suggested by Huddleson (16) as a base medium
for fastidious organisms. The effectiveness of drilliant green as a
selective inhibitory agent has been proved by Torrey (17) and confirmed
by Rakieten and Rettger (18) and others.

Oruickshank (19) recommended Hoyle's bdrilliant green acid fuchsiam
agar which was found to be inhibitory to Proteus. This medium which is
comparable to eosin-brilliant green agar (14) in forsula, was simpléer-to
prepare and more consistant results were obtained. The acid fuchsin did

not have to be titrated for each lot of medium, as did the eosin. Better
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colonial differentiation was obtained. This medium contains besides
the base medium and the dyes, sodium taurocholate which is inhibitory
to non-intestinal organisms and seems to stimulate the growth of en-

teric pathogens when present.
Enrichment Media

The literature revealed that many enrichment media have bdeen
used. Conradi (14) demonstrated the inhiditive action of brilliant
green on B. coli at dilutions which allowed the typhoid organisms teo
growe Torrey (17) tested the efficeny of brilliant green broth as a
specific enrichment for the paratyphoid-dysentary group. Browning,
G1lmour and Macide (20) utilised drilliant green peptone water. They
demonstrated the bacteriostatic action of the dye and the stimulation
of the enteric pathogens. Rakieten and Rettger's methods were found
to entail too much work by Orsechowski (21). Ray (5) sugzested 2 med-
fum for enrichment which she found useful. Hynes (7) recommended Ruy's
medium. He found that it suppressed Proteus and inhibited E. coli and
gram positive organisms. This medium utilises brilliant green dye which
is inhibitory to the gram positive and lactose fermenters and picrie
acid which is inhibitory to gram positive organisms.

Sodium tetrathionate broth was first discovered to be useful as
an enrichment broth by Mueller (21)c The principles upon which this med-
fum 1s based involved the regulation and inhibition of the physiolegical

activities of contaminating orgsnisms by sodium tetrathionate which ig
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formed by the reaction of sodium thiosulfate and potassium iodide.
lodine is inhibitory to gram positive organisms and the bdbile salts in-
hibit the non-intestinal types of organisms. Proteose-neptone is used
in the Difco formula as a ready source of energy for bacteria and aids
as & buffer against too great a change in the reaction of the medium.
Thalil (23) found a high incidence of the Salmonella organisms in rats
and mice and ascribed his success of isolation to the use of tetrathio-
nate broth and eosin-brilliant green agar medium. Hoeden (24) obtained
twice as many positive regults from foqos and obtained pure cultures of
the pathogens directly after enrichment with tetrathionate bdroth by

plating on Endo's medium.



Experimental Studies

I. Studies with Pure Cultures

As 80114 Media - Non-diagnostic

~

Oomparative studies are useful and necessary in any scientific
inquiry. %o initiate this research, a series of tests was set up to
demonstrate and compare typical characteristics and reactions of var-
ious bacteria of the intestinal flora on non-diaéootic media. Staphe

Jlococcus aureus, Pseudomonas aeruginosa, Proteus vulgaris, Escherichia
coli, Bacillus gubtilis, Aerobscter aerogenes, Shigella dysentariae,

Selmonella typhi, Salmonella typhimurium, Salmenella pullorum, and Sal-
ponella paratyphi were selected as representative organimms that might

be isolated from fecal samples. Plain nutrient agar and tryptose agar
were compared. Darby and Mallmann (25) compared Bacto-tryptose, & pep-
tone used extensively for cultivation of fastidioues microorgsnisms, wilb
' Bacto-peptone and showed that much more rapid growth oocurred with the
former peptone. The following procedure was set up.

A standard seeding of a 24 hour culture of each of the cortrol
organisms wag suspended in sterile test tubes containing 10°cc of ster-
ile saline, and fhoroughly mixede ZEach of these suspensions was streaked
on plain nutrient agar and tryptose agar. The plates were incubated for
24 hours at 37° centrigrade. At the end of this time the plates were
exsmined. Teble 1 shows the appearance of the colonies of the various

organisms on plain and Rryptose agar plates.



Table 1

APPEARANCE OF BACTERIAL COLONIES ON TRYPTOSE AND PLAIN NUTRITNT AGAR AND A COMPARISON OF THE RELATIVE SIZE AND AMOUNT OF GROWTH ON THE MEDIA AFTER 24

HOURS INCUBATION AT 37°© C.*

Bacteria

Description of Colonies and Appearance of Medium

Plain Nutrient Agar

Pryptose Agar

Staph, aureus

[Es, aeruginoss,

P, vulgaris

E, coli

B, subtilis

A, serogenes

Colonies are round, smooth, glistening butyrous, en-
tire, raised, yellowish to orange in color, Media
not changed by growth,

No individual colonies, confluent growth surface of
agar covered by moist grayish to yellowish glisten-
ing even layer. Medium bright green fluorescent,

No individusl colonies; very spreading growth, flat
opagque, smooth, grayish, Distinct fishy odor. Media
not changed,

Colonies white to grayish opaque, smooth, moist,
Some colonies slightly brownish, entire to undulate
media not changed.

Colonies smooth, raised to convex grayish white,
round to amebaio crenate, margins, butyrous adher-
ent media slightly grayed,

See coli: growth and colonies

|-l-)

Size 2-5 mm, Good growth

Not measurable., Very luxur-
ious growth,

Variable colonial size. Not
measurable as to spreading,
Very abundant growth,

Size 1-10 mm, Good growth,

Size 4.6 mm, Growth abundant,

Similar to E, coli

Size 2.8 mm, Good growth

Not measurable, Very
luxurious growth,

Size of colony not mea-
surable, Very abundant
growth,

1-12 mm, Size., Abundant
growth,

Size 4-10 mm, Growth
abundant,

Similar to E, coli

. dysentarine Colonies small, discrete, slightly raised; grayish Size 2-3 mm, Growth scant, Size 2-%4 mm, Moderate
in color, smooth entire, slightly convex média not growth,
changed,
S.. typhi Colonies small, entire, smooth, grayish, convex Size 2.5 mm, Growth Scant. Size 2-5 mm, Good growth
translucent, Media not changed,
S. typhimurium Sege as S, typhi Size 2.5 mm, Moderate growth Size 2-5 mm. Good growth
S, pullorum Colonies very small - same As S _ typhi 1-2,5 mm, Fair growth 2-.3 mm, Moderate growth

*Appearance similar in both media,

However a variation of size and amount of growth on plain mutrient agar and tryptose agar plates was noted,




The colonies of Steph. sureusg, Ps. seruginosa, and B. subtilis
were quite characteristic. P. vulgaris because of its spreading char-
acteristic, could be readily identified. E. coli, A. asrogenes, Sh.
dysentarise and the Salmonellas were more difficult to identify be-
cause of marked colonial similarity. The need for selective media for
the isolation of pathogens was quite obvious from this geries of tests.
The tryptose plates demonstrated better growth and larger colonies than
414 the plain nutrient agar plates, particularly of the pathogenic or-
ganisns. The formulae for plain nutrient and tryptose agar media will
be found in the appendix.

B. _Belective Solid Media

The following solid selective media were studied in the next
series of teats: MacConksy's agar, Wilson and Blair's bismuth sulfite
agar, S 8 dgar, a modification of desoxycholate citrate agar, eosine-
bPrilliant green-methylene blue agar suggested by Ihox, Gell and Pollack,
brilliant green liver-infusion agar recommended by Mallmann, Thorp and
Semnes, and Hoyle's drilliant green-acid fuchsin agar mediwm. Pure cul-
ture studies of the control organisms were made on each of the six sel-
ective media, employing the saline suspensions of 24 hour cultures as
in the first series of tests. The colonies were studied at the end of
24 hour and 48 hours incubation at 37° C.

Pure culture studies of Wilson and Blair's bismuth sulfite agar
indicated that this medium supported a good growth of the Salmonellas.

The gram positive organiems were inhibited. Proteus grew, dbut had no
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tendency to spread and was readily distinguished from the pathogens
since 1t 414 not dlacken on the medium as d1d the pathogens. E. coli
survived on bismuth sulfite agar, appearing as droplets of moisture
and after 48 hours very pale yellowish green, indicating that care hed
to be exercised im picking colonies from mixed cul tures to avoid com-
tamination.

Experiments with MacConkey's agar showed that this medium sup-
vorted a good growth of the Shigellas and Salmonellas. Gram positive
organisms were inhibited. Proteus grew well and spread over the mm-
tire plate by the end of 48 hours indubation, glving off a distinct
end characteristic odor. Lactose fermenters grew with characteristic
red to pinkish color and a precipitation of bile salts surrounding
some of the colonies.

Brilliant green liver-infusion agar, when tested in pure culture
studies, inhidited E. coll and the gram positive organimms completely.
Proteus was not inhibited and was difficult to differentiate from the
pathogens. The Salmonellss grew well. The preparation of the base med-
ium was tedious snd difficult.

The media studied up to this point, démonstrated more or less
satisfactory results in eliminating or differentiating grem positive
bacteria and the coliform and other lactose fermenters. However the
Proteus group was the most obnoxious non-pﬁthogen that grew on cul ture
plates, for i1t not only spread over media, making isolation of individ-
ual colonies impossidle, but was difficult to differentiate from the

pathogenic organisms.



Xnox, Gell and Pollack (10) found eosine-drilliant green-meth-
ylene blue agar medium inhibitory to the Proteus. In this investiga-
tion, tryptose agar was used asg the basal medium instead of tryptic
digest agar was sugzested by the authorse The preparation of the
medium was difficult as fresh dyes had to be prepared often and the
techniques were time consuming. Pure culture studies showed exedll.
ent results. The lactose fermenters that grew were few in number and
these readily differentiated by colonies which were large, mucoid and
with deep indigo centers. Proteus was inhibited completely. The Sal-
monellas grew lumriously. The S. pullorum colonies which are usually
quite tiny on most media, grew to a much larger size, as did the colonies
of all the Salmonella tested. Gram vositive organisms were inhibited
completely.

Cruickshank (19) recommended Hoyle's brilliant green-acid fuchsin
agar which had been shown to be inhibitery to Proteus. With pure cul-
tures, experimentally, the medium inhibited Proteus and grsa positive
organisms completely. Salmonellas grew well on the medium. Shigellas
were inhibited. This medium was shown to be highly selective, was not
difficult to prepare and kept well.

The comparative amounts of growth on each of the media studied
are presented in Table 2. In Table 3 are presented the typical colon-
1al characteristics of the control organisms on the various selective

media. Formulae for the media are given in the apvendix.




Table 2

The Growth of Organisms Representative of Intestinal
Flora Compared on Selective Media

B. @G. E.B.G. B. @.

Bacteria Mac. C. | B1 S.| S8 | L. TI. M.B. A. T
Staph. aureus - - X - - -
E. coll W+ ¥ Ll - : +
B. eubtilis - - - - - -
P, yulgeris +++ e+ s ++ + -
A. serogenes + - = - - -
8. typhi N - | e b e
8. $yobimarive ++ +h | -+ -+
8. mllorum +++ +h -+ N+ i +h
Sh. dvgeptarise | +++ - | e =+ -

Key: YXNo Growth -
Very scant growth +
Moderate Growth >
Good growth N+
Very good growth +4+++




Table 3

APPRARANCE OF COLONIES OF VARIOUS BACTERIA ON SELECTIVE AND DIFFERENTIAL MEDIA

Bacteris

Bismuth Sulfite Agar

$.S Agsr

Brilliant Green-
Acid Fuchsin Agar

MacConkey'!s Agar

Brilliant Green
Liver infusion

Eosin-Brilliant
Green-Methylene Blue

Staph, aureus

B, subtilis

"‘U

a S

4, 2erogenes

.

S, typhimurium

S. Pullorum

S, dysentarise

No growth

No significant growth, those
present pale, opadue,yellow-
ish to green without pitting
mediuvp, sometimes brownish,

No growth

Colorless to pale bluish or
yellow green, No pnitting in
medium, 1-2 mm, No tendency

to spread,

Ususlly inhibited, Similar

to E, colil

Round, about 1-% mm, Jet

black surrounded by black-
ish »one, with intense me-
tallic sheen, young colon-

ies, green with black
centers, Soft with black
pit in medium,

Colorless to bluish gray,
convex, 1-5 mm, Smooth but-
yrous, transparent, Clear

area surrounding colony,

Same as above (Sal) though

mich smaller

No significant growth

No significant growth:
very tiny pale pinkish
brown,

Growth inhibited, If
present large opaque,
pink to red colored; mu-
coid; umbilicate. Some
whitish edges,

No significant growth

Resemble Selmonella
though usually larger
cloudier, Fishy odor,

See E, coli

1-5 mm, Colorless trans-
lucent to yellowish or
tan: May have tan center
Smooth butyrocus dome
shaped sometimes umbili-
cate,

Colorless to gray green
slightly raised, labate
clear 1-5 mm. Size. No

change in medium,

Same as §; txohimurium
except much smaller and
dark center

Colonies same as S. tyohi

No growth

Mostly inhibited, If
present, large mucoid
umbilicate, opaque
greenish blue with vi-
olet zone, 1-5 mm,

No growth

No growth

No growth

Size 1-5 mm, Smooth
transparent, color-
less to slightly yel-
low, Flat to slight
convex, Older colonies
develop central pesak,

Uniform pinkish pur-
ple. translucent with
lacerate edges,umbil-
icate, Size 3-8 mm,
Grape leaf 1like,

Same as S, tzphimur-

ium though Somewhat
smaller,

No growth

No growth

Colonies 1-9 mm, opaque
brick red to pinkish occas-
ionally white or grey cream
usually surrounded by zone
of ppted., bile salts. Smooth
glistening,

No growth

Colorless, transparent,
spreading colonies, 2-8 mm,
in size, Flat to convex,
Similar to Salmonellas but
larger,

See &

&, cold

Colonies colorless to blu-
ish gray, convex, Size 1-3
mm, Glistening smooth but-
yrous, Clear area around
colony, Transparent,

Dark green to dark brown
lusterous, size 1-5 mm,

Flat to raised cobonies pit-
ting of medium, Black cen-
ters with transmitted light.

Colorless to bluish gray,
transparent, glistening.
Smooth butyrous clear area
surround colony tiny 0,5-2mm

Colorless to whitish small
1-6 mm, transperent to
opadue, uneven edges, Flat
to slightly convex,

No growth

No growth

No growth

Dirty gray mucoid or
somewhat dry. Spread-
ing flat to convex,

Opaque distinct odor.

Grayish green, shiny
raised centers, buty-
rous, opadque., Medium
greened, :

Lobate, dull grape-leaf]
like. Colorless, size
1-5 mm, Medium some-
times yellowed,

Colonies similar to
S, typhi, larger., Dark
brown to black center,
1-7 mm,

Tiny colorless to pale 1
bluish green, Clear |
moist labate dull gran-
vlar, Size 1-2 mm,

Similar to S, typhi

No growth

Scant growth, or none,
Deep indigo centers,
Large macoid, umbili-
cate or convex,

No growth

No growth usually, Sime
ilar to Salmonella if
they do not grow,

No grawth

Uniform pinkish purple

llarge translucent la-
4 cerate edges., Umbili-
Jcate, Size 3-8 mm,

Grape leaf like,

Similar to S, typhi,

Same as §; tzghimurium
or S, typhi, Colony
size 1-6 mm,

Similar to S, typhi
and Salmonella

o 1 8




A recapitulation of the findings showed that bismuth sulfite
agar was quite selective, and the pathogens could be readily identi-
fied. MacConkey's agar medium was not very selective and seemed to
favor the growth of the lactose fermenters more than the mon-lactose
fermenters. S 8 agar, though selective, did not inhibit Proteus and
these colonies were difficult to differentiate from the pathogens.
Eosine-brilliant green-methylene blue agar was highly selective and
very favorable to the Salmonellas. I. coli could be readily distin-
gaished from the non-lactose fermenters when they grew, sand P. vul-
garis was inhibited completely. The medium was difficult teo prepare
and 414 not ¥eep well. Brilliant greenm liver-infusion agar inhidited
2. coli and gram positive organisms completely but sllowed the Proteus
to grow. Brillisnt green-acid fuchsin agar medium inhibited gram
vositive organisms and P. vulgaris completely. The Salmonellas grew
welle The medium was not difficult to prepare and kept well.

C. lnr&éhm_gnt Media

The néxt series of tests with pare cultures of the test organimms
was made with the enrichment broths, Ruy's medium and sodium tetrathio-
nate broth (Difco).

A standard seeding of each test organism was planted into Puy's
medium and sodium tetrathionate broth, the cultures mixed thoroughly
and then incubated for 18 hours at 37° O. TFrom each tube was streaked
& tryptose agar plate and the plates inmcubated for 24 and 48 hours. At
"the end of each incubation period, the plates were examined for growth.

The results showed thet Ruy's medium was very highly selective and was

toxic to the pathogens as well as to the non-pathogens.
15«



Table 4

The Effects of Enrichment on the Representative Bacteria+

*Plated on tryptose agar after 18 hours incubation in enrichment

media.

Tetrathionate Ray's
Orzanism Saline Broth Mediun
Staph. sureus ++ - -
Ps. asroginosa ++ - -
Sh. dysentariae ++ + -
P. valgaris +h-4 L anald -
| B. o0li ++ - -
B subtilis ++ - -
A. asrogenes -+ - -
8. tyoht - o -
2. tyohimriue -+ - w~
Keys ~ Good Growth
+++ Very Good Growth
+ Scant Growth
- Yo Growth

(1) Streaksd directly on tryptose agar plates (control)

el




Sodium tetrathionate broth inhibited the lactose fermenters and
the gram positive organisms completely. The pathogens grew well. How-
ever, Proteus grew even more lumriously than the pathogens.

In Table 4 are shown the results of enrichment by Ruy's medium
and sodium tetrathionate droth of pure cultures of the test orgsnisms,
when plated on non-diagnostic medium.

D. Enrichment with Sodium Tetrathionats Broth and Solid Medis

The final series of tests to be run with pure cultures, utilised
enrichment with sodium tetrathionate droth followed by plating on six
selective media. A plate of esch of the selective media, MacConkey's
agar, bisgmuth sulfite agar, S 8 agar, brilliant green liver-infusion
agar, eosine-brilliant green-methylene blue agar and drilliant green~
acid fuchsin agar was streaked directly from saline saspensions as con-
trols of growth. A gtandard seeding of each of the test orgsnieas was
planted into tubes of tetrathionate broth and incubated for 18 hours at
37° C., and then a plate of each of the selective media was streaked
from the cultures. These plates were in turn incubdated for 24 and 4
hourse At the end of the incubation period the plates were exsmined.

The lactose fermenters were suppressed on all plates after en-
richment with sodium tetrathionate brothe Orem positive organiems were
completely inhidited. The pathogens grew well but demonstrated little
variation from the direct plating methods. The Shigellas which 414 not
grew on bismuth sulfite agar or drillisnt green acid fuchsin on direct

plating 414 not grow on these media after enrichment. Proteus seemed

-1 7—
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to be favored by the enrichment with sodium tetrathionate dbroth and grew
even better on all the media except drilliant green-acid mchqn agar
which inhibited its Erowth with the direct plating method also.
The compared results of this series of experiments are presented
in Tadle 5.
II. Mixed Known cultures added to Fecal Material

As a preliminary procedure to the study of mixed cultures, five
unknown chicken fecal samples were streaksd on tryptose agar and MacConkey's
agar plates. Colonies were picked from bDoth sets of plates after incubee
tion at 37° C. The organisms which predominated were from the genera
Escherichia and Proteus. Practical application proved this to be true of
most poultry fecal samples. Proteus appeared to predominate and to be
the most obnoxious and confusing group of organisms found on the culture
plates for the isolation of enteric pathogens from chickeng in this ine
vestigation.

A.-Non-Diagnostic Solid Media
Methods similar to those used by Msllmann, Ryff and Matthews (26)

were employed, using pure cultures of P. vulgaris, E. coli and S. typhi-

mrium to represent the genera of most si@iﬁcance to this investigation.
Into each of five large sterile test tubes containing 10 cc of sterile sa-
line was placed approximately 1 gram of sterile fecal material. Into the
first three tubes, e standard seeding of 24 hour cultures of P. yulgaris,
'B._coli and S. typhimurium was introduced respectively. To the fourth
tube, & standard seeding of a mixture of B. coll and S. tyohimurium was
added. To the fifth tube a mixture of P. wvulgaris and S. typhimurium

was introduced. The mixtures were carefully suspended and then allowed



Table 5

Comparative Growth of Bacteria on Selective Media From
Direct Plating and After Enrichment in Sodium Tetrathionate Broth

%114 Media-3

Drgmi-sl

8. snreus
Ps. 2eruginosa
Sh. dygentariae
s yalgaris
B. mbtilis

*Enrichment in sodium tetrathionate broth for 18 hours at
370 C. prior to plating.

+ = Good Growth + = Very good growth
Key: - * YNo OGrowth

8ege = glight growth

M = Moderate growth

D = Direct Plating

p = IEnrichment

Mac C =  MacConkey's agar

BL 8 = Bigmth Sulfite agar (Difco)

s$s = 8 8 Agar (Difco)

BGL-I = Brillisnt green liven infusion agar

EBG-MB = Eosine drilliant green methylene blue agar

BO-AY = Brilliant green acid fuchsin agar




to settle. Each tube was streaked on plain nutrient agar and tryptese
agar platess The plates were incubated for 24 hours at 37° C., and then
examined for growth.

The first three plates of tryptose agar showed luxurious growth
of the individual organisms with which each had been streaked. The
fourth plate, which had been inoculated with the mixture of E. coli and
S. tyohimurium aleo demonstrated abundant growth. However, identifica-
tion of ten colonies picked at random, since there was no way of distin-
guishing the pathogen from the non-pathogen, revealed all ten colonies
to be E. coli. The spreading growth of the P. vulgaris on the fifth
plate obscured any individual colonies and made picking of 1solated col-
onies impossidle. The five plates of plain nutrient agar showed similar
resul ts, though the growth of the pathogen was not as abundant as that
on the tryptose agar plates. It was again obvious that a selective med-
fum was essential for isolation of pathogenic organisms. Table 6 shows

the comparative results obtained from this series of tests.

B =~ Enrichment Media and Mixed Cultures
%o compare the growth of mixed cultures in feces and with en-

richment broth, into each of five tubes of sterile saline, Ruy's medium
(though it had proved too inhibitory in pure culture studies) and sodium
tetrathionate broth was placed approximately 1 gram of sterile fecal ma-
terial, and into the first three tubes of each medium, a standard seed-
ing of S. typhimurium, B. coli and P. vulgaris. Into the fourth tube of
each was placed a mixture of E. coli and S. jyphimurium, snd the fifth,

a mixture of P. vulgaris and S. typhimurium. The suspensions were care-
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fully mixed. The saline suspensions were streaked immediately on tryp-
tose agar plates. Into the tetrathionate dbroth tubes, 2 sterile piece of
cotton was pressed, to force the coarser particles of fecal material to
the bottom of the tubes. The enrichment broth cultures and the tryptose
agar plates were incubated for 2! hours at 37° C. At the end of this
period, tryptose sgar pletes were streaked from each of the enrichment
broths, and incubated for 24 and LUE hours. Colonies were exsmined and
identified from the direct plating at this time. The results were
similar to those obtained in the previous mixed culture experiments.

X. coli and P. vulgaris far outgrew the pathogens.

The examination of the tryptose agar plates made from the
enrichment medium showed that Buy's medium inhibited E. coll and P. wvul-
garis but was also toxic to the S. tyvhimurium. The sodium tetrathionate
broth, though apparently favoring the P._yulgaris allowed the S. typhimur-

_iuym to grow. l‘l‘his medium inhibited E. coli completely in this series
of tests. %able 7 (a and b) show the eveluation of enrichment media

with mixed cultures.

0. Mized cultures in sodium tetrathionate broth end
i¢tive i

v

To conclude the series of t;_sés Awith mixed cultures, the three
representative organisms were compared on the s0lid selective medisa with
enrichment in sodium tetrathionste broth and from direct olating. The
procedures uged in the foregoing experiment were followed, except for

plating on the six selective media instead of non-disgnostic media.



Table 7-A

An Bveluation of Enrichment Media*

Plate Birect Ruy's Sodium
No. Organisms Plating Medium | Tetrathionate
1l S. typhimurium +++ + +++
2 Re cold =+ - +
3 P. vulgaris bt : e+t
4 Mixture of E. coli -t + -+
and 8. tyohimurium
5 Mixture of P. vulgaris - + b
and S. tyohimurium

Key -

- = No Growth

3. 4

= Scant growth -less-than 10 colonies per plate.
#+ = Talr growth -sporoximately 10-20 colonies per plate.

++ = JModerate growth

}

Good growth

+~+ = Very sbundent spreading growth

#After enrichment in broth plated on tryptose agar medium.

22,



Table 7-B

Identification of Colonies Picked from Plates 4 and 5
which were Streaked with Mixtures or Microorganisms*

| Direct Ruy's Sod fum
Plate Mixture Plating Medium | Tetrathionate |

Y 8. typhimurium 0% 100% 100%
+

E. coll 100% 0% of

5 8. tyohimirium of 70% o
+

P vulgeris 100% 30% B 60%

*Percentages based on 10 colonies picked.
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After enrichment with tetrathionate broth, E. coli grew poorly on
MacConkey's agar, P. vulgaris grew well as did the S. typhimurium. Di-
rect plating allowed all three organisms to grow well. On the plate
inoculated with the mixture of E. coll and S. typhimurium, after enrich-
ment, E. coll grew lightly and could be readily {dentifiede On the direct
plate the growth of E. coli was much heavier though 1t could be identified
as suche The plate containing the mixture of S. typhimurium and P. vulgsris
indicated that this combination of media was not of much value for elimin-
ating the obnoxious Proteus group.

On busmuth sulfite sgar, after enrichment with sodium tetrathionate
broth B. coli did not grow. P. vulgaris grew better after enrichment but

could be recognized. S. tychimurium grew well with enrichment and on the

directly plated medium. The mixtures of E. coli and S. typhimurium strealed
on busmuth sulfite agar directly and after sodium tetrathionate enrichment
showed no recognizeble E. coli colonies. The plates streaked with the

mixture of Ps vulgaris and S. typhimurium, directly and after enrichment

both allowed the P. vulgaris to grow. The colonies could be identified
as such, and had no tendency to spread.

On 8 8 agar E. colil was inhibited with and without enrichment. P.
vulgaris showed little variation on direct plating and enrichment prior
to plating. In the mixtures, E. coli was inhibited snd S. typhimurium
grew well. P. vulgaris seemed to be favored slightly when enrichment with
sodium tetrathionate broth was used prior to plating.

On eosine-brilliant green-methylene blue agar, with direct plating,
S. typhimurium grew luxariously, E. coll grew scantily, and P. vulgaris

grew poorly. After enrichment with sodium tetrathionate broth E. coli

-25-



did not grow, P. vulgeris showed a slight growth, snd S. typhimurium
good growth. On the plate containing the mixture of the pathogen and
E. coli, S. tyrhimurium could be readily identified. P. vulgaris grew
better after enrichment with sodium tetrathionate broth on this medium
and the colonies were difficult to identify from S. typhimurium col-
onies in the mixed cul tures.

Brilliant green liver infusion sgar suppressed E. coli com-
plately both with direct plating and sodium tetrathionate enrichment.
P. vulgeris grew well with both methods.

Brilliant green-acid fuchsin agar was not affected by the
utilization of sodium tetrathionate enrichment, the pathogens grew
well on direct plating and after enrichment. The non-psthogens were
suppressed with direct plating and enrichment methods.

The results of these tests are presented in Table '8 (a end b).

1I1. Practical Applications

A. Selection of Media to use for Isolations

In selecting the media to use for practical application, the
isolation of Salmonella organisms from feces, the following qualifica-
tions were utilized: (1) the medium should allow the Salmonella group
to grow well, (2) it should be inhibitory to the non-psthogenic organ-
iems without being toxic to the pathogens (3) the medium should show
adequate differentiation of various bacteria, (4) 1t should be rela-
tively stable snd give uniform results sand (5) it should be relstively

easy to prevsre.
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