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A new medium was developed, the formula of which was as followss

Tryptose 2.0%
Dextrose 0.5%
Potassium dihydrogen phosphate 0.275%
Potassium hydrogen phosphate 0.275%

Sodium lauryl sulfate 0.01%
Bile salts (Dit'co) 1.03
Sodium chloride 0.5%
Fromcresol purple 0.0015%

When tested with laboratory strains of bacteria it was found that this
medium permitted maximum growth and detection of typical coliform bacteria
and other enteric bacteria of sanitary significance in water while inhibiting
non enteric forms,

The specificity of this medium was also cemonstrated in comparisons with
Standard Method's procedure, It had a higher perceutage confirmation for the
presence of typical coliforms than lactose broth., Enteric bacteria were
found to be responsible for almost all ot the positive tubes obtained.

Acia production trom aextrose was founa to be an adequate inoication of
the presence of coliiorm bacteria wheu used in a selective medium, The use
of an indicator (Brom cresol purple) permits the omission of grs vials, thus

making the new enteric medium easily adaptable to t'ield work,
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TiTe0ODTICTION

Escherichi (1) first isolated Pnctrriim coli cormmune from the feces

of a cholera patient. Subseaueuntly, this and related orsanicms, collect-
ively known as the coliform groun, were found to be naturel inhabitnnts
of the intestinsl tract of both man and animals, The significance of
this was quickly realized and these organisms become n valuable yardstick
of sewage pollution in water,

The litmus lactose a-nr plate introduced by Sedmirick and lfathews
in 1893 (2) was the first device develoned for their detection and
enumeration, On this medium coliform orgnnisms formed red colonies
because of their ability to ferment lesctose, However, since no inhibi-
tory arent was used, the pletes were freauently overgrowm by other forms,v
sorne of which also fermented l-mctose; thus colonies had to be picked for
further exemination.

Smith (2), in 1893, showed the vrlue of a preliminary enrichment
medium #nd introduced the use of the glucose fermentetion tube., This
method was auickly accented. It was simnle ~nd permitted the examination
of larger quantities of water., In addition, it could be made quantita-
tive by planting a series of tubes with measured quontities of the samnle,
However, it w-s found th-t many organisms, not belonring to the coliform
eroun, couwld produce gas from glucose,

As a result, the more snecific lactose Eroth was substituted. Al-
thourh many attempts were made to include inhibitory arents in that mecium
to prevent growth of non-coliform tynes, none wns successful and lnctose
broth is still in use in essentially the s-me form,

The strndard procedure of the American Public Eealth Association (3)

is substantially the same now as it was in 1920, It consists in planting

a series of standard lactose broth fermentntion tubes with equal curntities
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of wrter to be tesied, The tubes are then incubated at 35°C and exan-
ined for the production of g-s within /8 hours, Tubes showinz gas at

the end of that time arc confirned for the nresence of coliforms by
transferring to an inhibitory diagnostic medium such as eosin methy-
lene blue nag~r or brilliant rrcen bile l-ctose broth, In some cases,
trhis is not sufficient and the "comnleted test" is necessary. This
involves transferring the orgenisms to an ocnrr sleont =nd a lactose fer-
nentnation tube., If micrescoric examination of the oreanisms from the
slant reveals the pres<nce of nou-sporing cram negative bacilli, and
there is ~as ferrient~tion in l-ctose broth, then it is a positive,
conmletad tqft.

The method h~s its limit-tions., It is costly end recuires much
time and materisls. For dnys are usually required before the results
can be considered significant ~nd soetines longer, This difficidty
has been recornized for many years as evicdenced by the many ettemots
that have been made to devise a one tube procedure. However, none of
the Lost pres'mntive and enriclment media, which hsve beecn pronosed to
renlace lactose broth, hnrs proved satisfoctory as a presumptive medium
without confirmation. Only one, lauryl tryntose broth (4), has been
included in Standard lethods as an alternative to lactose broth,

Stendard Hethods is almost wholly unadeptable to use in the field,

en if a one tue presumptive medium could be found in which a positive

ta

test 1s based on gos production the inclusion of fermentrtion viels wordd
concel much of its practicability in that area.
Another limitation which has been given increasing attention in

recent years is the failure of Standard lethods to detect many atynical

coliform organisms. These include mary slow and even non lactose ferrentine
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bacteria sone of which do not produce gas from any sugrr. This group is

a heteroceneous one that defies classificntion and is usually referred to

as the psracolon group or as abverrant colif'orms,

Gilbert and Lion (5) aone-r to have been the first to describe para-
colon breilli, Ledincham encountered such tynes in nutan feces and
renorted them as numerous in ccses of diarrihca but regarded them as of
little pathogenic importance, On the other hand, Gyorsy sus-ested that
they played a considerable prrt in diarrhea in both man and animals,

Stuart, l4ckle and Forman (6) pronosec the separztion of atyeical
coliforns into four groups based on a study of more than 10,000 strains
isolated from water, soil, milk end other sources. They pronosed the
term "aberrant coliforms" for 211 cram necative non-snore-fornine rods
vhich ferment lactose slowly or wenkly 2t 37°C and these were subdivided
as follows:

I licroaerorenic Coliforms - abarrant coliforns producing gas fron lac-
tose slowly or in small amounts ot 37°C or 20°C.

ITI Pseudomicroaerogenic Coliforms aberrant coliforms having the chsorac-
teristics of the truve microrerorenic stroins at 37°C but showing
nornal lactose splitiin~ ~ctivity at 20°C,

III Papillae-formins coliforiis: aberrant coliforns showins the tvve of

dissocistion evidenced by Tschorichia c¢oli mutabile tut not restricted

to the genus Z“scherichia,

IV innerogenic coliforus aberrant coliforuis rrodncing acid but no gas
from lactose with or without gas on other sugar.
Theea authors also recosnize the eristonce of non-lactose ferrieitineg

coliforms.

In a later pnver Stuart, heeler nnd Zimmernsn (7) presented a study



-/ -

-

of the biochenic=l =and ant nic relationshins of pmracolon bacteria,

They sugrested a sinrle, coliform fenus which would incluce tiiree snecles:
freundii, =erc~encs and coli, 7/ithin Uhis croup wouwld be included =11
aberr-nt coliforms ard pnaracolons. XNon-fias producirng cultures ferneuting
lactose ranidly, slovly or ot =t all wnula be rrouned as annero~enic
aerocenes, freundii or coli or collectiively as anaerorenic parnacoions,

Stunrt, ldckle and Formen (6) steted that the microaeroscnic coliforus
probnbly have a significance in water an2lysis similer to that of

lerob-cter and Scchorichia strains showing tyvoical lactose lerment-tion,

n

They ncted th:st the narillae forming coliforms are only infregueiitly
cetected in water cnalveis in which fas production is used as a2 criterion
for their presence and the anaerogenic colifor:s would not be detected
at all, However, they thouht that these two croups were hisrly inportent
beeanse of their freguent ascocistion with gestroenteritis and renitowr-
inary infections,

Revorts of isolation of thece orgavdicns from such disecascs are many.
Pl-s: (8) investicoted an outiresk of diarr‘ea which had its source in
fricasseed chicken., He wns =zble to isclalc nar-colon bocteria both I{rom
the chicken contriner ~nd tie l-rzest pronoition of the cases,

Fornes and Cherry (9) rerorted poracolon bacterin as the conce of an
epidemic of di~rrher in a "mited St-ates II-val ~o<n1tﬂ".

In ~n -~rea hLichly endemic for entoric infections, Christensen (10)

studied the comn-rative dis*rirntion and pocsitle pstiopenicity of P-ra-

r,

colob-ctrim snecies. These oreomnisus were isolated from 60 percent of
the gastroenteritis coses =s comp-red to 20 percent of the healthy irdi-
viduals exarmined., These findincs were considered to te, at least, indi-

cative of patnogernicity. Por-colobacirum spocies were found much more
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frequertly in caces of sastroenteritis tlinn cither S-lionclla or Shivolla

tines,.

Ziezler (11) studied the bLacteriolory of an epidemic of diarrhea, FEe
isolated late lrctose fermerting and non-lactose feruentinec orgenisms from
volluted weter su plies and from ciarrhea natients, The ac-lutin~tion of
at lenct two stralins of these occurred in hic~h dilutions of naticuts!
serim, inaicsetincs that they were the vrob-ble cause of the infections,.

During the later ®»art of the enidemic n» tyic~l Wachoriciia coli was

%,
)

isol~ted but these diseace orgonisms were,
Krievel (12) isol~ted many nonlactose fernenters which she iws ~ble
to make from tyric-l E:B colonies bv rarid transfer. She slso obteined
non-lactose fermenters from tycical Z. coli, thus est-blishing a rel~tion-
siip. Suen late loctose ferncnters or non=lactose fernenters must there-
fore be regrrded as atyvicel coliforis as sv~ - sted by Krievel and cer-
teinly ere entitled tn eounl cousideration -:ith tyric-1l forms in deter-
mininT the potablility of watcr.

lost of the informntion which has becen ottained concerning oberrsnt
coliforms in w-~ter has becn obinined by the use of orocedures su-nle enting
those used in routine snnlysis, and frecquently, these ~re gurite time con-
suring and tedious. In cerinin cases nmany of these organisms caon be
detected by prolonred ircub~tion of the st-nrderd meticas media but such
a vrecedwre agrravates the inherent f-ults of St-nd-rd !lethois, and, even
then, not all coliforms -re detect-d.

It would seim, frou. these consider~tions, that sone new, more
nracticable procedure is needed which will vernit the detection of 2ll
coliforms cuickly and derendebly whether tyical or otherwise., Such a

orocedure should, as much sc possible, correct the diifficulties irherent



ir cld methods,

The purrose of this thesis is to rresent the results of studies which
wvere made on = new enteric medium wnich, it is hored, will prove a valuable
tool in water analysis. Its formul~tion is b-red on tne need for a practi-

cable sinrle sten nrocedure for bﬁCtQPiOiOSiCal enalysis of water and for
a sensitive and specific nediwum for 211 coliform orpanisms,

In fornul-atine any bacterial c¢iacnostic mediwm the first requirement
is that it must stimul=te the esrliest nocsible develonment of 211 doruant
and virble cells. After srouth =nd cdevelonment hove bersun, the bacteria
should reproduce in such numhers that their presence will be re~dily
recornized by their physiolosicsl action con th= medium,

liallmann and Derby (/) vresented a new medium, lauryl tryntose broth,
for the isolation of coliform oreanisms from water sunrlies. They renorted
that the use of a medium conteiring tryptose, sodium chloride ana phospheote
bufrers grew out more coliforiis prezent in water as indicated by the hirher
colon indices obtained by this medium, They also found that the adcition

1

of sodium Zsuryl sulfate in 1:10,000 diluvtion inhibited the growth of fram
positive orocnicsms while permitting the n-ximum develomment of coliform
bacteria,
The formula of lauryl tryntose broth is as follows:
Tryptose 2.07%
Lactose 0.5%
Dinotassium vhosnhate 0,2757
licnopotassiwa »hosphate 0.2757
Souium chloride 0,57
Sodium lauryl sulfate 0,01
licCrady (13), Levine (14) snd Perry ard Hajna (15) =11 revorted the
superiority of this medium over lactose broth as a preswmptive enrichment

medium, Fewer false presumptives were obtained and more slow loctore

fermenters were detected than with the older meiium,.
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Lawryl tryotose broth, thourh permitting the raovid development of
coliform types, is limited in its use for the detection of those organisms
that rive acid end visible gns from lesctose in /2 hre,

The most constsnt characteristic of enteric organisms indicative of
pollution is their ability to ferment dextrose with the formation of
acid or acid and ras. If dextrose r-ther than lactose wes used and acid
rather then g-s prod—-ction wss used as the criterion of fermentation,
nore enteric orgenisms would be det cted, since bncteria attackino l-ctose
glovly or not at 211 will atteck dextrose with comparative e~se. Such a
p-ocedure would have the adZitions1l advontrge of not recuiring inserts in
the fermentstion tutres,

For this renson, in cevising a tentntive formula for the enteric
medium, dextrose is used as the fermentable sugar in a medium ecsentially
the same as lauryl tryptose btroth, In addition, brom cresol nurple is
used as an indicator of ecid production,

Because of the wider svectrum of bacteris c=pable of utilizing dex-
trose as compsred to lactose, ~n addition~l selective ~gent was thourht
necessary to surplemnent the action of the sodium lauryl sulfate,

As a result of their habit~t in the intestinel tract, enteric bocteria
are cap~ble of withst~ndine relatively hi~h concentrationt < bile. For this
reason, in seekine an ~rent thot will curb the rrowth of non enteric cram
neg~tive bacteria, the use of bile salts wns considercd,

The use of bile as an inhibitory agent in media for water an-lysis
hos had a long 2nd, heretofore, somewhat dubious history,.

Jackson (16) first pronosed the use of ten percent bile as a presimo-
tive medium with lactose, He found thot it inhibited the rrowth of non

coliform, lactose fermentine strains. The originel medium consisted of

<

undiluted ox bile to which was azdded one rercent lactoce and one percent



reptone., Lactose bile broth was enthusiastically received and in 1912

it was adopted bty the Comuxittee on Stondard llethods of ‘ater inal sis

The new medium sucnosedly ¢id not permit the proutihi of wiaskened or
attenuated forms, The 1912 edition of Standard llethods considered this

to be an advantore for it stoted that, "attenuated Tacteriwm coli does not

. =

represent recent contomination and all Fact-riwm colli not attenuated grow

readily on lactose bile.”

Jordan (17), however, found that the bile inhibited from one third
to fifty rercent of the coliforms, FHe also concluded thot attenustion
Gid not have any be-ring on the results obtaired, so that it could not be

21d that bile eliminctes attenu~ted or wealkened forns,.

]

Otst (18) and Cumming (19) obtained similsr results in comparisons
o lactose bouillon and lactose bile,

LFecause of these and other similor results the 1¢17 Stondard iethods
(36) adopted laciose broth for prelininary enrichment and the presuaptive
test,.

Sorewhat different results were obtained by soie workers. Hale (20)
founa that uy tue use or five rvercent bile in lactose broth, gas production
ves obtained mucn more cquickly and fewer clostriaia were able to develop.,

Levine (22) carried out investigations using Difco evaporated bile

and sodium tawrochilate in tests with e coli and A. 22rofenes. In a

basal medium containing one percent pentone and various concentrations of
bile and sodium tewurocholate he found growth of these bacteria was actually
accelerated by concentrotinns of from onc to two rercent, In addition,

he found that few anaerobic swore formers developed and sporing lcctose
fermenters groving aerosical’y did not crow on bile,

In 1920 Muer and Horris (23) pronosed the use of a brilliant sreen
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lactose bile medium for wvater ~nalvsis. They found that the bile s~wne-~red
to inhibit comnletrly the nerobic and the brilliant creen bile to inhibkit
almost cormpletely the anaerobic s»nore iforners, .lthourh the new medimm wos
found to2 inhihit coliforris to sone decree results obtrined in other l-bor-
atories were considered fovoroble,

Dunham and Schoerlein (2) mo’e a cercful study to determine the ontimum
bile: brilliant crcen ratio nud recommended the formuwla of brilliant :reen
bile 2s it is used now.

Joréen (22) Ruttorfield (21) and Porr ard Colduell (75) Ffound thert
brilli~nt preen bile broth inhibited fromn ten percent to ~ne third of the
coliform org~nisns and wes, therefore, not s-tisfactory, as a presumntive
or enrichment medlm,

Little more was done with media contnining bile for watcer analysis
until Perry -=nd Fajna (2¢) developed their . C. medium which is ecsen-
tially the sane os lawryl tryntose broth ercert that they used bile iuctesd
of sodium lauwryl sulfate. They found that their mecdium wns much superior
to staidord lactose broth, It inkibited ~lmost completely fec~l etrento-
coccl ana otaer rrem vositive orgonisis vith no ~nrerent inhibition of
coliform bacteria.

Levine used a more controlled medium, than employed by ecrlier authors,
to which vertone had been added ard obtnined good results with lower bile
concentrations. Perry and Hajna (26) used = b-se medium which had been
proved to be riore conducive to bacterizl grovth and obt-~ined very fovornble
results,

It is our thesis that much of the difficilty encountered throu~h the

u of bile was caue to the use of base media which rere not of theonselves

m
o

as fovorable as possible for the develon:iient of boctoria,
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Early investigators used crude undilutec¢ fresh ox bile, Hence, the con=-
centrntion of bile wes extremely hich (sbout 109) and verinble and the

nutritive value of the medium ouestion-ble,
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The experimental work of this thesis wrs divided in two parts.
First, an attenot was made to determine the effect of a2dding bile salts
to a modified lawryl tryrtose broth on the grovth of enteric organisms
and to determine its selective proverti=s in such a medium. Secondly,
the results obtained with the new mediim :rere comn~red to those obteined
usine Stond-rd I'ethods in testing routire w-ter s-nnles,

Procedure
PPI‘t Ao

) . -

The rate of rrowth of Tscherichia c¢oli wuns studied on a base medium

to vhich verious coribinntions of bile salts and sodium lauvryl sulf=te had

been ~dded. The base medium had the folloving formula:

Try-tose 2.07
Dextrose 0.57
lononotassiwa vhosnhate 275%
Dipot~ssium vhosnhate 2757
Sodium chioride 0.5%

Perticul-r atte..tion w~s given to the lar and e~rly logarithnic
phases of rrowth when mininal inocula were used, Huntington and 'inslow
(27) showed that durins thec~ strges the young cells erhibit all the

you'“"
characteristics of vhysiologicr-l grewth comperzble to those exhibited by
nmulticellular organisms. It is, therefore, considered more importont to
know whether an organism con adjust to new environment to the extent that
fi;ion will occr, and after fission th~t the two physiolorically young
cells will survive, than to know the total number at the end of the com=-
plete growth cycle,

In the first set of experinents a pure culture of Z. coli was uscd.
Before seeding in the v-rious media it was transferred from & nutrient

acar slont every twenty-four hours for three deys to insure uniformity.
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In order thot mininal numbers would ic used in the inocula, the
orcenisi's were transferred from a slart to o tube of cterile scline (28).
They were added until the first turbidity visible to the naked eye appe red,
it that density the number of orgnmnisns in susvension approxinated 50,000,
000 per milliliter (26). This susvension was diluted in sterile saline
until such eoncentration was obtaired that the test mealum would contal
ore orgrnism or less per rillilitor when onc milliliter was used as the
qu-ntity for inoculation,

Two hundred and fifty nilliliter portions of the medium were used and
incubnted at 35°%.

Grouth of the rure culture of Z. coli wes studied on the folloving
mecdia,

I, The base medium

II. The base medium to which wes added 0.017% sodium lauryl sulfcote.
III. The bese nediwn nlus 17 bile salts (Difco)
IV, The base medium plus 0,017 sodium lauryl sulfate and 173 bile salts.

The mmbers of orgenirms 2t G. 2, /4, G 220 24 howrs were determined by

o

plating portions of the test medium. Tryptone glucose extract agar was

used o3 the plating medium end the plates were incubsted et 35°C for 48
hours before countin-,
In order to supvle ent the findincs obtained in the first experiient,

a sorevhat different nrocedure was tricd. 7hile mininal numbers were used

in the firs: set of determinations to ascert-in the effect of the t0 in-

ct

hititory esents, it m~y be arcued that this dnes not incicate thot tne more

weakened or at*enusted foris, found in weter will renmct in the same woy.
Fallnmann end Darby (4), in their oricrinel studies on lauryl tryniose

broth, used orgenisi:s wvhich had besn subjcctid to relricerstion in ord:r to

sinulate the condition of attenuvated forms. Such a process connot durlic-te
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the nany factors wiich alfect tl.e organisis in u=ator,

It is our ijea that in orcer to oht-in inforiation concerning the
crowth of such bactcria in a riedium which is to be used for their detection,
no nor< practical way of atteunting to solve tuls problem can be found,
than to study the behavior of tlese organisms under conditions in which they
will actuslly bt encountered.

For this reason, a water sainle was ovtained from a souvrce knovm to
be heeovily polluted. The somnle wnas then cdiluted to such an extent that
the final concentration of the colilorms in the saiirle would be 250 rer

1.illiliter. This procedure wns bnased, by zpproxination, on the estinmnted

-

coliform density of the volluted water., One williliter of the susmerns.on
vas then inoculated into 250 milliliter quontities of the some media used

in the first cet of experiunents., Grouth wre tnen determined by making

plate counts using tryotone ~lucose extract ~rar at 0 end 6 hours. In order
to check the identity of the zultwres obilaired, several colo:les were picked
from eacn plate and inocwlet~d in iunes ol lawryl trymtose broth,

In the third set ol exveri:ents the effect of 2ltering the concentration
of btile was deternined on a base medium to which sodiuwa lauryl sulfate had
been added. The orocecdure wns the same as in the first set of experinents
excent th-t growth was deteriined only at O and 6 hours. Concentrntions of
0.57, 1.07, 2,07, and 5.0 tile weve used.

Since there ~re nany cnteric organis..s which have sanit-ry sienificance
it was considered aesircble to obtain sone information concernings the tehav—
ior of other enteric oreenisis in the rew medium. There being so nucn in-
terrelationship =i.ong ne.ters of the Interobrcterincene and so much ¢iversi-
-

ficstion in the conliform rroun, it was thou-ht that a study of the lelavior

]

of .any related cpecies micht indicate tie reaction of nany of the

0



coliforms that may be encountcred,
For this pwrpose sinile prowth r 4. - L ruinstions were mode nacing

stock ¢il*ures of F-rocolobctrun srizono, S-lnancll~ txmhisiei:my ero-

borctor ~rrormeves, Chicella eornei, Salmorellk tvrhos-, S-Imonell- enteri-

CAl Al n repate-hi and Colronella cekatlruellori, MMfinirsl nmmber

-y Ll Lol MRCAN

were used in the irocula a~~in ard plate counts wore meade at 0, 2nd 6 hours
Three media were tested ~:d tieir composition wes as followss

I  The base mediuwn containire 2757 ench of divotessiun and monopo-
tassium phosnhrte, 5% glucose sud 5% sodiwa chloride.

11 The brse mediwa nlus 017 =zodiun 1oyl sulf-te,
ITIL  The brse meaim nlis 017 sodiwn l-uryl sulfate =rd 17 bile salts.

T a~znts in the entcoric

Having deternminea the effect of the vorious

redimm on the crowth of enteric organisiie, thz next sten wes o deterninntion

~

of its selective ability., Tror this purnose a number of knowm stock cultures
of ~ram ner~tive ~nd crom positive orsconisms were used rs well ns several
urknovn rram nesative orcenisiis not belourine to the coliform groun which
had bren isolated from water examined in tiis l-bor~tory. All cultires
were transferred every 7/ hours for thres d-ys before use, The inuibitive
provorties of various vercent-ges of bile in the enteric medium with sodiwm
l-uryl sulf-te 0,017 concentreotion was comn-~red to a non inbibitory b-s
meciwn coutainine tryotosce Ten millilitcor amnunis of the v-risus media
were seeded witn strid-rd loopfuls of kroth cidture ~nd erowtn recorced
on the breis of turbidity.
Reswlts

In the first series of exmcrirents, ir wiiich grovth on the b-re uedium
containine tryntose, sodium chioride, <lyvcose ~nd vhosrhote buffers wvns
comn-red to that in the v-rious corbiuntions of the brce mediun e2ia the

selective arents, fovor-vle residts wire obtcincd., The results of thece

runs are presented in T-ile I. A criticrl exeninotion of the datn reveals
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very little difference bctwzen the verious media at the end of six hours,
In ost coses the counts »t the 2/-hour interval gove the sone nicture
but the é-honr eounts wore concidered rore sirnificant,

The seriec of experi.eits in wiici a diluted water scmrple vas used as
en inoculum g-ve reswlts which ~re consicdered ercellent., All the colonies
w..ich were picied vrolucel r~s when seeded into lawryl tryntose broth, an
indic~tion thet ~ost, if not 211, of the colonies were those of coliform
organisms. In terms of ;rowth, these rune gove a victure somewhat the sare
as the Tirst experiment., The data obtrined are vrecented in Takle II.
Consistently hi-her counts w-re obt-~ined in media III and IV which mirht
Incicnte a slirht stinulatory effect on the part of the lauryl sulf-te
either nlone or in corbin-tion with the bile salts,

In the next series of experinents (Table III) the effect of verious

concentrations of bile salts irn a bnrsal nedium of sodium lauryl suli-te

v

fFlucose broth was notod, The bile salts exerted a very sli-ht, if any,
inhibitive rction in conceitrotion up to 27, IHowever, the counis ottained

from the 57 concentr - tion wac consisterntly lover in all cases and in one

cnse rulte sifnificantly so, indicating thot the tile did inhibit T. coli

in that concentration,

The results of the fourth rroun of e:merinents added further support
to the results alrendy obtained, showins that the use of bile salts ond
sodium lauryl sulfate in the nedium had no efect on the growth of any of
the ent:oric organicms studied,

The selective properties of the medium was studied n2vt usine pure
leabor-~tory cnltures of v-rious b-cteria. Teoble V cives the results of this
study. Most of the nwn enteric ~ram negative organisms were comnletcly

inhibited by all concentr tions of bile solts with endium lauryl sulfate,
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Tahle I,
Growth of E. coli on llcdia Contrining Vorious Combinations
of “he Celective frents,
Trial Time (hours) I II IIT v
A 0] 13 0 0 0
2 1 0 1 1
2 15 10 1 1
6 196 254, 111 242
24 517M 631M 48371 | 52
B 0] 0 0 0 0
2 2 2 0 0
4 10 10 170 10
6 260 225 254, 261
2/ LT 798M L7421 | 506H
C 0 1 1 1 0
2 1 N 1 1
s 11 0 100 0
6 314 212 2.0 2/1
2L 563M £.25M 2300 ] 3020
D 0 0 1 0 0
2 2 0 0 0
/, 20 0 20 2.0
6 580 637 Y A 619
2L 6201 1120 30/11 | €601
M =1Hllion
I = Fase nedium
II = Fese medium and sodiwa louryl sulf=te
III = Fase mediwm rnd bile s-lts
IV = Pase medium with sodium la'wyl sulfote ernd bile salts
¥ = ;7

unber of bacteriaz per milliliter,
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Table IT,

Growth of Coliforms Flanted Directly from Folluted
Cources on Variors 'edia,

Trial Tire Tt T 17T v
A 0 hrs, 1 0 0 2
Aon 115 156 17¢ 158
B 0 hrs, 0 3 1 0
6N 120 1/1 1A2 1/7
C 0 hrse. 0 0 0 1
61 1n0 113 1/3 192
D 0 hrs. 0 0 0 0
6 hre, - 120 1.0 163

I*¥ = Prse necium

IT = Ease mecium vith bile snalts

JIT = Tace nmeciwr ond sodiwm sulf -te
IV = Fase mecdiwr with hile g-lts =nd sodium l-vryl eulfote,




'r‘obl’\ III °

firovth of ¥, Coli on a Fasal lecium Cont-inins Sodium
lauryl sildlfate and Veriomsg Covcentr-tinis of File Saltc.

1.7 File 2 File 57 rile

Trial Tire o7 rile 0.57% Rile
A 0 hre, 0. 1 1 0 1
6 n 50A £OD 116 256 27
B 0 krs. 0 0 2 1 A
6 " 513 /5 205 20h n/R
C 0 hrs. 1 0 0 1 5
6" 212 A7 75 D12 100
D 0 hrs. 0 0 0 0
61 26/ 203 230 - &7

* llo, of bacteria ver ml,
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Toble IV,

Grovtn of Vorious “ntrrics on on Futeric lediunm,

Oreanisn Time Yedimm I Yedim IT Voacdimm ITT
Paracclobactrum 0 hrs, 0 1 0
Arizona 6 n 21 5% 172 188
S=lmonella on 0 2 0
tyrhimrim 6 n 1563 12026 1/70
terobacter on 0] 0 1
asrocenes 6" 3551 /859 5320
Shigella o 0 0 0
sonnei 61 102 536 230
Salmonella on 0 0 0
tymnosoe 6 n 51 52 /1
Salmonella on 1 0
enteritidis 6" 38/ /.37 348
Salmonella on 0 5 0
rorotyrhi 6" 153 526 671
Salmnnella on 1 0 2
schottmuelleri 6 n 113 152 171

* 111 counts are the nverage of two plates (per 1 ml.)

ledium I - Base medium of 2.75 rm of mononotascium rhosvhate, 2.75 sm
divotassiun vhosphate, 20 rn trirtose (Difco) 5 rms. sodimm
chlorice, 5 ¢mg dextrose, woter-one liter,

lledium IT - Fase medium + 0,1 ym sodiwm 1louryl sulfate

Mediun III - Ease mcdium + 0.1 em sociuwn  lawwryl sulfate + 10 em
bile ealts,
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Table V.

Selectivity of Pile = Sod’wm Lol Sulf-te,

Orrsanisms Contrnl 17 Tile 27 rile 27 bile | 57 Filc
Peracolobactrum (*rizona) 4 L 3 3 2
P-racolobrctrim IT /. / 4 3 2
Prracolobactrum spe IV 4 L 3 3 2
Anrerogeric poracoion III A VA A 3 2
Ancerocenic poraccolon VIIT A A L 3 2
Snlmonella tyohinuriu 4 L VA 3 2
Srlionella voratrmhid A / 4 3 2
Solrmonella tyohoen A /. 3 3 1
Salmonella e.iteritidis /. L. A 3 2
terobncter aecro~cnes /i /, /. /. 3
Shiicella sonrei /. /. YA 3 2
Solmonella choleresuis A VA L 3 2
Tiaciilus subtilis ya 0 0 0 0
Psencomonas ~erurinosa VAL 1 1 1 1
Facillus cereus 4 0 0 0 0
Strentococcus fecelis 4 4 3 3 2
lZcrococcus ogilis A 0 0 0 0
ldcrococcus aureus A 0 0 N 0
Flavobactorium sp. (1) YA 0 0 0 0
Flavobncterium so. (2) A o) 0 0 0

OHFH DWW X

1o ocid
snice 2uount of rrowth as control

less rrowth thon coutrol

neaiwn anount of growth

little rrowth
no rrowth,
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The only exception was Pseudomonas aeruginosa which gave limited growth on

all of the bile concentrations, Of the gram positive organisms tried only

Streptococcus fecalls grew on any of the inhibitory media., Since it is an

indicator of fecal pollution itself and would be outnumbered by enteric
medium,
Part Two

The results of the experiments carried out in part one, indicateg that a
bile concentration of one percent in an enteric medium containing sodium lauryl
sulfate, permits maximum growth of enteric organism while inhibiting non in-
testinal forms,

In order to creck the value of the erteric medium under actual laboratory
conditions a study was initiated in which it could be compared to standard

procedures, The formula for the enteric medium which was used was as follows:

Tryptose 2.0%
Dextrose 0.5%
KﬁHP 0.275%
ogP 0.275%
ué lauryl sulfate 0.01%
Bile salts (Difco) 1.0%
Sodium chloride 0.5%
Brom cresol purple 0.0015%

Water samples which had been brought to the Michigan Department of Health
from private wells for routine testing were used., There, they were tested
according to Standard Methods procedure using Standard lactose broth as the
presumptive medium with confirmation on brilliant green bile broth,

The remainder of the samples were then sent to our laboratory where
paraliel tests were run using the enteric medium., All positive tubes were con-
firmed by streaking on eosin methylene blue agar plates and transfer to lauryl
tryptose and brilliant green broths. During she later »Jart of the study

Tergitol=7 and tryptone glucose extract agars were added in order to insure
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early isolation of organisms giving acid reactions on the enteric medium,

Tubes which gave positive results on all three or any two of the con-
firmation media were recorded as confirmed. In all cases when confirmstion
was obtained on less than two, an attempt was made to isolate the organisms
responsible for the positive result and subject them to identification pro-
cedures,

The method used was adapted from that of Cope et al (29) and was as
followss l. Colonies were picked from plates showing growth and transferred
to dextrose and lactose rermentation tubes containing brom cresol purple as
an indicator and nutrient agar slants., Care was taken to pick only from the
surfaces of the colonies and to use only one fishing to avoid transferring
a mixed culture. The tubes were then incubated at 35°C. At the end of
4Z hours a gram stain preparation was made from the slant culture and
examined microscopically. The sugars swere incubated for ten days until
acid and gas were produced,

2. If the slant culture was found to be a pure culture of gram negative non-
sporing rods and no fermentation of lactose was obtained, transfers were
made directly to other diagnostic media, If a mixed culture was found, the
organisms were transferred to nutrient broth and pure culture obtained by
streaking on either MacConkey agar plates or Tryptone glucose extract agar
plates. In such cases the identification procedure was begun again as in
(1).

3. Other diagnostic tests were run as follows:

ae. Fermentation of sucrose

b, Growth on Simmon's citrate agar

c. Motility, hydrogen sulfide production and indole using S.I.M, medium

d. égéggggroskauer test for acetyl-methyl carbinol production using

M,R.=V.P, medium (Difco).
e. Decomposition of urea broth,

Organisms fermenting dextrose and lactose with the production of acid
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and gas in 48 hours that gave positive results on any of the three confirmation
media were classed as typical coliforms and the tubes from which they came
were considered as confirmed, Those that did not confirm on any of those
media were classed as atypical, Those fermenting lactose slowly with the
production of gas were also considered atypical coliforms,

Strains producing acid and gas on dextrose but not lactose in ten days
and which decomposed urea were classed as Proteus., Those fermenting dextrose
with no gas, were non motile and did not utilize citrate or urea were con-
sidered as Shigella-like,

Organisms fermenting lactose of sucrose without gas or producing indole
were classified as asnaerogenic paracolons and were considered as typical
coliforms,

If gram positive bacterial or non-dextrose fermenters were isolated they
were tested for growth on the enteric medium and if no growth was obtained
in 48 ho'rs they were discarded.

Results

The enteric medium was compared with those recommended in Standard Methods
on the basis of the number of positive samples and the number of positive tubes.
The results are given in Tables VI and VII,

Referring to Table VI, it will be noted that, although there were fewer
presumptive positive samples with the enteric medium; a higher percentage of
these showed typical coliforms than did the lactose broth. All the samples
positive in bile broth medium, contained coliform organisms which were either
typical or of the paracolon group.

Seventy-three samples were presumptively positive by both methods, Sixty
seven of these confirmed in both, The fact that all 73 were found to contain

enteric organisms indicates that all of the samples probably contained gas
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Teble VI,

Comparison of the Enteric !Medium with Lactose Broth (1).

Interice Medivm

Sterdard Lactose

Number of sanples tested

Iiuaber of positive
rresimintive samnles

iiunber of positive
s~amples confirmed

tumber of positive
canples containing enterics

Iimter of somnles
positive on Poth
a) Presumptive

b) Confirned

c) Enterics

ruaters of sannles
pocitive on one, not
the other

a) Prestmptive

t) Confirmed

c) Enterics

Fercent Confirmed
Percent with lactose

fermenters
(acid or acicd gns)

G
,'/L/

cQ
[ON

71

73
67
73

4 (17 tubes)

Py
Dy

o7

73

73
67

2
6 (6 tubes)




Table VIT,

Comparison of the

fnteric l‘ediwn with Lactose proth (B).
Interic Ilcdiwm

St"l}dﬁrd T.~ctore

Iumber of tubes plonted

muiber of presmmptive
positive tubes

hmber of presimotive
pasitive tuhes conlirmead

mber of tukcs from
which enteric oreg-nisiis
were isolated

Percest coinlirmed
iumbter of tutes not
confirmed

hwmber of tulbes hrvirng
lactose fermerting
enterics precent

Humber of tubes having
sucrose fer -nting
enterics present

Others-mostly citrate
ard indole poritive
orgenisms

Percent of positive
tibes hoving lnctose

fermenters presert (acid or

acid and g-s)

1,561

‘J

(W)
AN
0

~
RS

67

1.5

s

~O

o517

73
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producing coliforms, some of which were either eliminated or altered by
passage through . the media used in the analysis,

Thirteen samples were positive on the enteric medium and negative by
Standard Methods, Four of these samples, represented by 17 positive tubes,
confirmed., All contained enteric organisms,

On the other hand, 2/ samples gave initial positive reactions on lactose
broth and six of these confirmed., None of these samples had more than one
positive tube,

In terms of rapidity the enteric medium was found to give on the whole,
an earlier indication of the presence of pollution than lactose broth .

Considering the latter two thirds of the sampling program, 68 percent of the
enteric medium positives were positive in 2/ hours while 42 percent of the
lactose broth positives were so, There was no correlation between whether
the organisms were typical or not and the speed of detection,

During the study, it was found that there was a grect deal of variation
in the results obtained by the various methods of confirmation used for the enteric
medium positives., It was found that lauryl tryptose broth gave a much higher
number of confirmed tubes when it was used as the secondary medium, Brilliant
green bile broth frequently showed growth but gas production seemed to have
been suppressed and in many cases no growth at all was obtained on E.M.,B., For
this reason, in tabulating the results in Table VI, the lauryl tryptose broth
confirmatici.s were used since these were found more dependable, Brilliant
green bile 1id show at leanst one positive tube in all except one of the confirmed
samples,

Table VI gives a picture similar to that of Table V., More enteric tubes
confirmed than did lactose broth positives., A1l except two of the enteric positive

tubes showed the presence of typical coliforms or paracolon bacteria., Failure
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to isolate enterics from these tubes was attributed to technique since the
other tubes of the same sample yielded typical coliforms,

All the paracolon organisms that were isolated were of the microacrogenic
or anaerog:nic type. These organisms, 2s noted earlier, are approximately

as significant as tyrical coliforms,
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Comny TS

The enteric medimm is srecific; it does nnt vermit the detection of any
but enteric organisms indiceative of vollution,

Yore coliform ormenisms are detected usinz the bile medium than is
roscible by stardord methods, This inclutes both tyriczsl and at;pical
tiynes,

4Lcid procduction is an odequate indicntion of presence of enteric brcteria
when veed in 2 selective meaiun,
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