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Ethyl purple azide broth, a new medium, was developed.

The formula for this medium is as follows:

Ingredient Grams per liter
Tryptose 20
Dextrose 15
Sodium chlorids 5
KoHPO, 247
KﬂéPoé 2.7
Sodium azide D44
Ethyl purple 000125

pH - 7.0

Sterilized at 121° C., for 15 minutes
When tested with laboratory strains of bacteria, 1t was
found that the enterocoecl were the only group that would
grow in this mediume. These organisms also showed a char=-
acteristic growth of a purple compact button on the bottom
of the tube of medium after 48 hours of incubation at 37° C,

The specilficity of this medium has been demonstrated
also with samples from river water, sewage, and soil,

A new test for pollution of river water, sewage, and
soil has been advanced. This test employs dextrose azide
broth as a presumptive medium and ethyl purple azide broth
for confirmation.

A comparison of methods for the detection of entero~
coccl was made and it was demonstrated that the new dextrose
azide~ethyl purple azlde broth test was the best and easilest

of those 1in use today.
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INTRODUCTION

Workers throughout the years have investigated the
problem of polluted waters and are all in agreement re-
garding the seriousness of the situation. Recently
Dunlop, Twedt and Wang (15) have reported that 23 out
of 113 samples of water used for irrigating vegetables

in Colorado were positive for Salmonella and one sample

yielded Salmonella typhosa. This organlsm was also

isolated from East Lansing sewage and from the Red Cedar
River. Although only a few epidemics have been charged
to contaminated vegetables, it is possible that unrecog-
nized endemlc enteric infections or sporadic cases may
be caused by eating vegetables grown on contaminated soile.
Up to now the test organisms employed for pollution
are members of the coliform group, because these bacteria
are supposedly indicative of sewage contaminatlion and
can be easlily 1isoclated and confirmed by a slimple bacterio=-
logical teste It was felt, however, that the coliform
organisms do not give a true indication of pollution
because: (1) these organisms are found in uncontaminated
soil and may be of non-fecal origin, (2) these organisms
may persist in the soil and water for long periods of
time and might not indicate a recent pollution, and (3)



fecal strains of coliform bacteria cannot be distlingulished
from non-fecal strains.
Streptococcl are used as an indicator of pollution

on the same grounds as Escherichia c¢oli because (1) they

are present in feces and sewage and are found in known
polluted waters, (2) they are not found in pure waters,
virgin soil, and sites out of contact with animal and
humen 1ife, and (3) they do not multiply outside the
animal body (except in such media as milk, etce)e

With respect to their numbers in feces and sewage,
streptococecl are subject to great variation. A review of
literature reveals that while at times they may be almost
as numerous as E, coli, at other times they may be consider-
ably less numerous and absente. Mallmann and Litsky (41)
showed that in Solil that was treated with sewage the most
probable numbers of streptococcil was approximately that of
the coliform organlismse It was also demonstrated that
the streptococcl dlsappeared from the soil rapldly while
the coliform group persisted for long periods of timee.
Tested agailnst the longevity of the typhoid bacillus, it
was found that the virulent typhold organisms dled oub
much more rapldly than did the streptococecls This indi-
cated that the fecal streptococci are a much more indica=-
tive organism of recent fecal pollution than is the coli-
form groupe

A new medium, dextrose azlde broth, Difco, was

reported by Mallmann and Seligmann (42) to be an excellent



enrichment medium for the detection of the enterococcl
and other streptococci. This medium, however, must be
confirmed for streptococcl by microscopic examination.

With the above data indicating a new and more practical
test organism for recent fecal pollution, as well as an
excellent enrichment medium, work was started to devise
a simple test for the confirmation of the enterococcl

after the presumptive test-growth in dextrose azide broth.



LITERATURE REVIEW

Ever since Escherich (16) in 1886 recognized the
streptococci as normal inhabitants of the bowel of infants
and described their morphology in detail, numerous workers
have investigated these organisms but because of the lack
of a well defined system of classlification, much confusion
still exists in the literature. Even today there is still
some doubt as to what constitutes a fecal streptococcus,

an enterococcus, or whether Streptococcus faecalis is a

single specles or a group of speclese.

The filrst ilmportant work In the classification of
these organisms was carried out by Gordon in 1903-11 (19),
who introduced the series of blochemical tests assoclated
with his name., By means of seven chemical tests, Gordon
distinguished 48 varletlies among 300 streptococci from
normal saliva. Houston (29), working along this line,
examined and determined the maln features of fecal strepto-
cocci. Andrews and Horder (3), utilizing the results of
Gordon and Houston, applied an extended serles of tests to
a large number of streptococcl isolated from disease con-
ditions and uwndertook a wlde statlstlcal study of t he
genuse As a result of this study, they were able to arrange

the entire series of organlsms into seven large groups, each
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centering in a definite type demarcated by its biologiecal
activity, and connected with the other type by a graded
serles of intermedlatess It was these authors who first

described Streptococcus faecalise.

The streptococcus=like organisms found in feces have
been the subject of numerous descriptions, and a host of
loosely described types encumber bacteriological liter-
ature. It 1s evident that many of these should be entirely
dlsregarded in the light of more modern investigations,
since the distinctions made use of in defining them are
now recognlzed as insufficient, There appears, however,
to be certaln constantly recurring and outstanding types,
all considered more or less distinct by those who have
worked with theme A survey of a mass of confused liter=-
ature suggested the followlng three groups:

l. Described by European workers

(a) The Enterococcus of Thiercelin (Micrococcus

ovalis of Escherich).
(b) The Streptococcus enteritis (Hirsh and Libman
1897) .

2. Described by English workers

(a) The Streptococcus faecalls of Andrews and Horder.

The enterococci, which were described by Thiercelin
(592) in 1899 before the introduction of more recent methods
and alleged by him to be the causative agent in certain
types of dilarrhea, blliary infectlions and appendicitis,
have received little attention in the literature prior to



1925, whereas the Str. faecalis 1s well represented. The

enterococcl were not recognized, as such, in the majority
of the English text~books, and the descriptions of this
group 1n\Freqch and Amerlcan works differed in some of

the most important details from those of the Stre. faescalis),

as well as from such descriptions of the enterococecl as
appeared in more recent lliterature.
Mace (35) considered the enterococcus as identical

with the Str. enteritis of Escherich, which appeared to

be the chain«~forming type described under the same name
by Hirsh and Libman (24). He stressed the pleomorphilc
morphology of the organism and further stated that it was
able to grow at 46° C.; 1t never liguefied gelatin, in=
constantly coagulated milk, It was killed by an exposure
.of 15 to 20 minutes at a temperature of 60° C., and did
not act upon any of the sugarse

Houston and McCloy (31) described an organism lso-
lated from trench fever patlents and from suppurating
woundse Among othenr characteristics, they lald much
stress on the abllity of the streptococcus to withstand
heat and found 1t capable of survliving an exposure of
one and one-~half hours to a temperature of 55° Ce This
may be compgrable to an earlier observation of Logan (34)
who found a coccus in the feces of infants capable of
surviving pasteurization for ten minutes at 80° C.

Wright (68) isolated a diplococcus from a wound which



grew more luxurlantly than Str. pyogenes and was able to
grow at room temperature. This non~hemolytlc coccus was

identified as an enterococcus and also as Stre. faecalls,

although Gordon's tests did not appear to have been eme=
ployede This was the first time a connection between the
two groups was made.

Donaldson (14) in 1917 gave a brief summary of the
characters of the enterococcle He noted that they gen-—
erally grew in the form of pneumococcus-~like dlplococci,
did not produce hemolysis, and produced acld from glucose,
lactose, maltose, saccharose, raffinose, glycerol, mannitol
and inositol. o

Weilssenbach (81l) in 1918 devised a differential test
for distingulshing Str. faecalls from Str. pyogenes by

employing a liguid medium containing 10 per cent bile.
This medium supports the growth of the enterococci but not
other streptococclie. Bagger (4) utilized this observation
and advocated the use of ox~blle wlth one per cent of
peptone for the classification of the enterococcie

Dible (13) in 1921 established the relationship and

connection between the enterococci and the Str. faecalisd,

In a classlical piece of work he also reported that the
power of wlthstanding exposure to heat was not a property
of all intestlnal streptococel. By its use, these are
divisible into two classes: one of which largely consisted

of organisms having fermentative reactions corresponding to



those of Str. faecalis. The other group consisted of

types which frequently occur in saliva aﬁd included those
raffihoae fermentors of the feces which are not thermo-
resistant and may be regarded as survivors of the salivary
organismse

Alston (1) confirmed the work of Dible and showed
that there is a clearly defined group of organisms
sufficiently differentiated to be classified togsether as
enterococecli. The primary attributes of this group are:
(1) cocel tending to be oval in shape and occurring in
pairs or short chains, (2) heat resistant up to 60° C,
for 10 minutes, and (3) non-hemolytic and capable of
fermenting mannitol, as sscondary and not invariable
characters. Among the 51 stralns of streptococecl iso=-
lated from the alimentary tract of man, dog, and rat,

16 or 31 per cent conformed to the description of entero-
coccl suggested by Dible.

Holman (25) based a form of classification on the
ability of hemolysin production and the abllity to ferment
lactose, mannitol and salicin., The streptococci derived
by this method from feces were found almost entirsely in
five of the 16 types, viz., Str. faecalis, Str. egulnus,

Str. mitis, Str. pyogenes and Str. infrequens. Almost

half were in the Str. faecalis groupe.

Welch (62) in 1929 indicated that there were six

strains of streptococcl common to humen stools, Those
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fermenting (a) all sugars used: glucose, lactose, sucrose,
salicin, maltose, mannitol and galactose; (b) all but
sucrose; (c) all but sucrose and mannitol; (d) all but
mannitol; (e) all but mannitol and salic‘in; and () all
but lactosee.

Sherman, Mauer and Stark (56), in an exhaustive study
of the enterococci, stated that because fermentation tests

are exitremely varlable with Str. faecalis, there is cone-

siderable confusion concerning the boundariles of this
group and whether or not one or more specles are linvolved.

Of 434 cultures identifiled as Stre. faecalis ail grew at

10° C. and 45° C. Other members of the enterococcus group,
as defined by Bergy et aiLe (5) grow a: these temperatures

also (Stre. zymogenes, Str. llguefaclens and Stre. durans).

In a later paper Sherman (55) also shows that only
members of the enterococci grow in the presence of 6,5
per cent NaCl, The fermentation tesvs are diverse within
the specles and these characteristics are regarded by
Sherman as of minor importance. He stresses the above
two tesis, the ability to grow at 45° C. and in the presence
of 645 per cent NaCl as major tests In the classificavion
of these bacteria.

Excellent reviews of the enterococcl group, as well
as 1ts individual members, have been published by Sherman
(55,56)

In 1894 Laws and Andrews (32) reported for the firss

time that streptococcl could be isolated from sewage=
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polluted watere. This observation was not emphasized untll
8ix years later when Houston (27, 28) stressed the fact
that streptococeci, as well as staphylococci, were charac-—
teristic of sewage waste. The former being a more specific
indicator of sewage pollution since they are "readily
demonstrated in waters recently polliuted and seemingly
altogether absent from waters above susplclon of contamin-
ation", Streptococci were found in 0.1 to 0,001 ml of
water from six rivers that were extensively polluted. On
the other hand, eight rivers showed no streptococcl In

O.1 ml, although ordinary chemilcal and bacteriologlcal
tests gave results which would condemn the waters. Horrocks
(26) in 1901 found these organisms in great abundance in
sewage and waters which were known to be sewage=-polluted,

but which contained no trace of Escherichia coli,

Winslow and Hunnewell (63, 64) were the first to
study this organlsm in America in 1902 and later reported
the isolation of streptococcl from 25 out of 50 samples
of polluted water, Prescott and Baker (49) found these
organlsms present in each of 50 samples of polluted water,
On the other hand, Winslow and Nibecker (65) found strepto-
cocel by the direct plating method in only one of 259
presumably unpolluted water samples. Clemesha (9) in 1912
reported that in India, streptococcl were present in 0,001
to 0,00001 gram of feces, but were rare in waters that
wore not grossly polluted.

Ostrolenk and Hunter (46), in a study on the distri-



bution of enteric streptococcl, examined feces from the
human, cat, mouse, guinea plg, dog, rabbit, chicken, flles,
monkey and soile. TUsing Perry's S.F. broth, 51 fecal and
two soll samples were examlned. The two soll samples were
negative for both the enterococci and E. coli. Forty-nine
specimens representing 10 animals contained enterococcl
while E. coli was present in only 46,

Mallmann (36) reported that the streptococci were
constant indicators of intestinal pollutlion and the number
found in the swimming pool were parallel to the amount of
pollution as lndicated by the number of swimmerse. It was
also reported that the E. coll tended to multiply in the
swimming pool whlle the streptococei d4id note In a later
paper, Mallmann and Syplen (43) compared the colon and
streptococel indices of samples taken flve feet from the
shore of a bathing beache It was found that while the
colon Indices and total plate count did not always respond
to changes in the bathing load, the streptococcl indices
always did. The latter were not found at points free
from the bathing pollution while the colon bacteria were.
It was also reported that the streptococci disappeared
overnlght while the colon organisms and the total count
sometimes showed an lncregse, although they were generally
lowere.

Ritter and Tresce (52) 1solated 79 strains of strepto-
cocel from swimming pools. Fifty-two or 65.8 per cent
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wore classified as Str. faecalis; these were confirmed by

the Lancefield technique and were further classified as
Type De

Winter and Sandholzer (66) confirmed the work of
Mallmann and Sypien in that they reported that coliform
organisms persisted for a great distance from the source
of pollutlion in water and the streptococcl dld note

Horrocks (26) found by experiment that E. coll
gradually dlsappeared from speclmens of sewage kept in the
dark at the temperature of an outside veranda whereas the
streptococei and staphylococcl persisted. Prescott (4%7)
showed that the streptococci often overgrew E. coli in a
few hours when ineoculated into glucose broth. This was
contradicted by Prescott and Baker (49) in a later paper.
Clemesha (9) found that streptococci disappeared very
rapildly in water, within two or three days at the most,
when stored in bottles in the laboratory or in an arti-
ficlally polluted outdoor tanke

Savage and Wood (53), in thelr study of the viability
of streptococcl in water, found that they died out in
parallel with the collforms, although a trifle fastere

Prescott (48) in 1906 reported streptococeci ococurring
on hay and graine. Moore (44) reported as early as 1893
that streptococeci were freguently isolated from garden
soils. Ths gardens, however, had been heavily and fre=-
quently manured. Andrews (2) in 1906 stated that the

streptococecl cannot grow and multiply for any length of



time apart from the human bodye. Eighty-four samples of
hay, grass, and leaves from country roadsides, pastures,
park, and garden paths were examined. Only two samples
showed streptococcls Soil and water from wood edges,
molst rallroad banks, brooks, woodland humus, etc., were
exemined., Only one of these eighteen samples, from a
country roadside 6varflow, vielded a short-chalned coccus
organisme.

Broadhurst (6) in 1915 was of the opinion that strep-
tococel occurred less commonly in soils and water than
most of the literature of that time ilmplisede. Sherman in
1937 reported, "Unpublished investigations have shown

enterococeci of the Str. fasealls and Str. ligquefaclens

types to ocour rathsr commonly on plantse This may mean
of course that these organlisms were merely surviving,
rather than growing, under these conditiona®.

Winter and Sandholzer (64) reported that while strep-~
tococcl were present in all samples of human and animal
feces tested, these organisms were never found in virgin
solls or in Soild8 from wooded areas,

Mallmann and Litsky (41l), using dextrose azide broth
as an enrichment medium, could not isolate enterococci
from soils which were not treated with sewage. They also
stated that other than the coliform organisms, the entero-
cocel were the only organisms found iIn sewage thét could
be used as indicators of fecal pollutione While the coli=-

form organlsms were found %o persist in sewage-treated
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soil, the enterococci were found to die out rapidly but
not as rapidly as virulent typhoid bacilli., It was also
noted that the longevity of these three organisms in
sewage~treated soils was prolonged with an increase of the
organic content of the soil,

Both solid and 1liquid media have been used to estimate
the mumber of streptococci in water and soille. Prescott,
Winslow and McCrady (50) suggest a litmus lactose agar on
which the streptococcl colonles are genefally distinguished
from the other acid formers by their size, structure, and
the formatlon of a permanent deep red color, These colonles,
however, may be overloocked due to their slow growth or
if they are present only in small numbers, Representatlve
colonles must be examined microscopically.

In 1906 Prescott and Baker (49) reported that when
Ee coli and streptococcl were grown in mixed cultures, E.
coll reached a maximum growth before the streptococci but
were gradually displaced by the latter 20 to 60 hours
after the start of the experiment. From this time on, the
streptococci predominated, on some occaslions eliminating
E. coll completely.

Since similar succession of.growth occurs in lactose
broth, Mallmann and Gelpi (40) suggested the ordinary
lactose broth enrichment tube be employed in a similar
manner. After the usual coliform confirmation tests were
made, the tubes are reincubated for 48 hours, centrifuged

and the sediment examined for streptococei by microscopilcal
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examination. Another method suggested by these authors
1s to allow the tube to stand at room temperature for one
to three days after the initial incubation to permit sedl-
mentation. It was reported that a heavy sediment in the
bottom of the tube, similar to that of the deposition in a
macroscoplic agglutination test, 1s an indication of the
presence of streptococcl, but this should be confirmed by
microscopic examination. Mallmann and Cary (38) in 1933
recommended holding the incubated tube to the light and
looking for a granular precipltate, flocs of which may
adhere to the wall of the outer tube, or to the surfaces
of the inverted vial. They stated that this indication is
not always confirmed microscopically but that confirmation
is not necessary if the granular preciplitate ls absent,.
Houston (30), using the presumptive lactose tubes
also, removed one ml to & nine ml blank, Incubated this
dilution in a 60° C, water bath for 15 to 20 minmutes, and
subcultured on MacConkey agar. After 48 hours incubation
at 37° C. the pin-point red colonies were transferred into
lactose broth, from this to the condensation water of a
nltrate agar slant, and then streaked on the same slant,.
Acld production without gas from lactose, with a milky
preclpltate, usually signifies the presence of strepto-
coccls Short«chain cocecl in the condensation water of the
nitrate agar slanb, and the absence of nitrate reduction
confirm: the presence of streptococci. This method is

still recommended by the Committee of the British Ministry
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of Health (10),

In 1918 Weissenbach (61) was one of the first to
describe a selective medium for enterococecl in contrast to
hemolytic and non~hemolytic streptococcle Sterile flltered
ox-bile was used for the inhibitory agent. Beggar (4)
also used sterile ox~bile with one per cent peptone to
grow fecal streptococcls As confirmatlon he suggested the
heat resistance teste

Fleming (17) in 1932 reported that fecal streptococoi
willl grow in a concentration of 1:15,000 potassium tellure
1te which 1s inhibitory to coliform bacterla as well as
most other gram-negative bacteria. It was applled to
water analysis by Harold (21) in 1936 when he incorpor-
ated this chemlical in a solid tellurite agar. Fecal
streptococci appear as bluish-black colonies, about one
me in diameter, with a peripheral opalescence. These
were studied and confirmed by the method described by
Houstone In 1937 Harold (22) compared this medium to those
used at that time and found that from a serlies of over
250 positive MacConkey broths, 13,9 per cent contalned
fecal streptococcl by Houston's heating technique, 30.6
per cent by the direct tellurite method and 44.0 per cenﬁ
by the enrichment tellurite methode

Hartman (23) in 1937 was the first to use sodium
azide to suppress the growth of gram-negative bacteria.
while permitting the streptococei to grow. Since this

discovery many Invesi#ilgators have used this chemical in
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media for the isolation of fecal streptococcl.

Mallmann (37) reported a medium containing sodium azide,
whlch was found useful 1n estimating the number of strepto-
cocol in sewage as it was found to support the growth of
these bacteria while inhibiting the coliform groupe. Hajna
and Perry (20) published another selective streptococcl
medium which was almost an exact duplicate of the medium
suggested by Mallmann (37), but the former workers used an
incubation temperature of 45° C. Growth and the production
of acid in this medium were stated to be almost complete

evidence of the presence of Stre. fascalls,

Winter and Sandholzer (67) in 1946 published a pro=-
cedure for detecting the presence of enterococci which is
used by the U.S.P.H.8. at the present time. Thils method
conslsts of a sodium azide -~ presumptive broth and a peni=
cillin~-methylene blue-NaCl broth=slant confirmation medi-
ume This method, however, must be confirmed by a miecro-
scopic examination and a catalase teste.

A study of the inhibition of gram-negative bacteria
by sodium azide has been reported by Snyder and Lichstein
(57) .

Folpmers (18) in 1940 recommended two media for the
detection of fecal streptococci. The first contained
litmus as the effective agent and should be employed in
deep columns. Microscoplcal examinatlion of the sediment
must be made.

The second medlium contains one per cent caffeine,
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The author stated that coliform bacteyia do not interfere,
but serobic spore formers are sometimes troublesome.
Chapman (7) in 1944 published formulae of two medla
for the isolatlon of streptocoéci in mixed culturese.
Tellurite streptococcus medium contains erystal violet,
trypen blue and sodlium tellurite as active agents. On this

medium, Str. salivarius produces pale blue opaque coloniles

from 2 to 5 mm in dlameter, Str. mitls produces blue

colonies sbout 0.2 mm in dlameter, while the enterococel
give  a dark brown or smooth black slightly-ralsed colony
from OS5 to 1le5 mm in diameter. Nlnety-seven per cent of
the transplants from feces were pure streptococcl; the
remainder were staphylococcl,

Azide violet blood agar medium contains S. Te. 37,
sodium azide and erystal violet as Inhlbitory agents. In
this medium Str. mitls grows in colonles produecing large

halos, enterococci produce large blue colonies with halos

in some, while Str. salivarius produces no haloe It was

reported that with the increase of sodlum azide in this
medium, more coliform bacteria were inhibited but the size
and number of streptococcl colonies were also reduceds
In 1946 Chapmaen (8) again perfected a medium for the

isolation of fecal streptococci. This was mitlse~salivar-
ius agar, a modification of his former medlum. Entero-
coccli produces a dark blue or black slightly-railsed colony
about 1 mm in diameter, as contrasted to a blue "gum-drop"

colony of Stre. salivarius or the minute colony of Str. mitis.
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Schuman and Farrell (54) in 1941 published a synthetic
medium for the cultivation of Str. faecalls. This medium,

however, 1s employed in vitamin and emino acid determlinationses
Mallmann and Seligmann (42), in a comparative study
of medla for the determination of streptococci in water
and sewage, after a screening procedure, studled the
" following media: lactose broth, azide broth (Mallmann),
Se Fo broth (Hajna and Perry) and azide dextrose broth
(Roth)e The results of this study can be summarized by
the following: ’
Average streptococeil indices of river water were
as follows:
Lactose broth 930
Azide broth (Mallmann) 3700
S. Fe broth (incubated at 45° C.) 600
Azlde dextrose broth (Roth) 9200
The authors stated that the positive azide dextrose
tubes should be checked microscopilcally bscause some of
the gram~poslitive rods may show turbidity as well as the
streptococci, It was concluded that azide dextrose broth
offers a new means of testing for and measuring strepto=-
cocel in water, sewage, and shellfish as well as other

materials suspected of sewage pollutione.
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EXPERIMENTAL

In order to formulate a confirmation medium for
enterococcl, a base medium first had to be perfected that
would not only support the growth of a2 minimal inoculum
of these organisms, but would also permlt them to demon-
strate a very short lag phase. Many investigators are of
the oplnion that the lag phase is the most critical stage
in the bacterial growth cycle. The followlng experiments
were carried out on the assumption that the shorter the
lag phase of a bacterial growth curve, the better the
medium is for the particular species. This point ecan be
further demonstrated by the faect that, wmder optimum con-
dltlons, bacteria mulfiply in a geometric progression,
and that the more bacteria which are able to survive the
critical lag phase, the better the chance for these
organlisms to begin multiplying, and the sooner the loge
arithmlic growth phase will be reached,

Using Ee coll as the test organism, Mallmann and
Darby (39) noted that brilliant green lactose base medium
gave a more rapld growth rate when one or two per cent
tryptose was added to the base mediume.

In order to ascertaln the affect of various concen=

trations of the ingredients in the selective media on the
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growth rate of Str. faecalis in small inocula, the culture

media listed in Table 1, were prepared. Percentage com-
position is given for each ingredlient. Azide dextrose
broth (Medium 7) was the only dehydrated medium used; the
rest were made in the laboratory from the listed formulaee
The procedure for determining the growth rate of the

Str. faecalis is the same method which was used by Darby

and Mallmann (12) and is as follows: A 24 hour culturs,
which was transferred each day for four days in brain-
heart infusion broth, was diluted so that between 20 and
100 organisms per ml were’present. This was seeded 1into
flasks that contalned 100 ml of the respective medila.
Initial plate counts were made immedliately after the
origlinal inoculation and every three hours thereafter,
up to and through the ninth hour. These flasks were ine-
cubated at 37° C. and were shaken for two minutes prior
to platinge Azide dextrose agar, without the sodium azide,
was used for the plating mediume. All plates were incu=
bated for 24 hours at 37° C. before countinge

This procedure was repeated flve tlmes 1In order to
determine the medlium that would best support the growth
of the test organism. ZEach trlal yielded similar results
and a typilcal set of data is shown in Table 2, A closs
examination of these data revealed three outstanding facts:
the toxicity of a large concentration of salt, which will
be discussed later in the paper; the toxicity of the dehy-
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drated medium; and the advantage of buffered medla.

Medium 3 contained three per cent sodium chloride and
no buffering agentse The inhibition of growth was quite
evident after three hours of incubation when compared to
the other media. Medlum 6 contalned one and one-half péﬁ
cent sodium chloride and buffering agentse. It did not
support the growth of the test organism as well as Medlum
5 which was of the same compositlion but only contained
one-~half per cent sodium chloridee.

It was observed that Medlum 7 made from prepared
dehydrated material, showed the lowest count other than
Medium 3 after six hours of incubation. It should be
added that Medium 1 is of the same composition as Medlium
7 but was made up from the lngredients in the laboratorye.
This medium was not as inhibitory as was 1ts dehydrated
counterpart. As i1s demonstrated 1ln Table 2, Medium 1
showed a count slightly less than double that of Medium 7
after six hours. After nine hours of incubation Medium 1
contained 177,000 organisms per ml while Medium 7 contalned
only 54,000 per ml,

Of the three medla which contained buffering agents,
Media 4 and 5 were of the same composition, with the
exception that the former contailned one-half per cent
lactose while the latter contalned one and one-half per
coent dextrose. TUpon examination of the data, 1t was noted

that these two media were the best of the experimental
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base media for the support of Str. faecalis growth. TUpon

further repeated investigations, Medium 6 contalning
dextrose, was judged the better of the two. It 1s this
medium that was employed as a base for the further experi-
mentation for a selective confirmation medium for the
enterococcl.

In an attempt to increase the inhibltory action of
the medium for the gram-negative bacteria, as well as to
determine the limiting concentration for the enterococci,
five media were prepared with a concentration of sodium
azlde ranglng from 0.00 to 0.10 per cente

An actively growing culture of Str. faecalis was

seeded into the above medla in minimal inocula and growth
curves were plotted as previously outlinede.

The results of this investigation, listed in Table 3,
indicated that a concentration of 0,05 per cent and above
demonstrated marked inhibition. It would seem.that sodium
azlde increased the lag phase so that at the end of 24
hours no visible growth was observed in the medium with a
concentration of sodlum azide as low as 0,02 per cent,

The control, base medlum minus sodium azide, demonstrated
normal growth and turbidity at the end of 18 hours of in-
cubatione

The above results indicated the necessity of extending
the incubation period to 48 hours., Media were made with
the concentration of sodium azlde ranging from 0,00 to

0.05 per cent. Again these media were tested by growth
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curves as previously describede.

The results of this investigation, shown in Table 4,
indlcated agaln that the growth peak for the control,
Medium 1, was 18 hourse. The growth peaks for media con-
talning 0,02 to 0,03 per cent sodium azilde was 42 hours,
while for those containing 0.04 to 0.05 per cent, it was
48 hours or more. The medium with 0.05 per cent was the
only one in this group that did not demonstrate visible
growth after 48 hours of incubatione.

It must be stated here that 0,02 per cent sodium
azide was found to inhibit the coliform bacteria and this
same concentration is used in dextrose azlde broth as an
inhiblbory agents It was felt that a greater concentra-
tion of sodium azide, which would allow Str. faecalls to

grow and yet inhlblt the gram-negative orgenlisms, should
be used in & confirmatory medium. Therefore, the medium
containing 0,04 per cent sodlum azlde was chosen as a
base medium for further investigations. It can be argued
that 0.02 and 0,03 per cent sodium azide could be used
but the results indicated that after 36 hours there is no
appreciable difference in growbth of the test organism
using the two concentratlionse

It was found that the above medium, as is the case
with dextrose azide broth, demonstrated inhibition of the
gram-negative bacteria but allowed some spore-formers,

such as Baclllus subtilis, to growe For this reason the
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addition of another iInhibitory agent was necessary before
the medium could be used for confirmatory worke.

The following dyes: methyl violet, brilliant green,
oethyl purple, maslachite green, and crystal violet, were
incorporated into the base medium in various concentra=
tions in order to test their inhibitory powers towards
the gram-positlve bacteria., This also was carried out to
find the concentration critical for the streptococci. The
base broth, however, contalned no sodium azide so that
whatever inhlbltion occurred could be attributed to the
bacteriostatic action of the dyes.

Ten ml of the base broth contalning various concene-
trations‘of the dyes were seeded with O.1 ml of a 24 hour

culture of Str. faecalis, which had been transferred each

day for three days in brain~heart infusion brothe The
seeded tubes were then incubated at 37° C. and were ob-
served at 24 and 48 hourse.

The data as shown in Table 5 indicated that the
following dyes and their concentratlions could be used
without inhibiting the test organlism for more than 48
hours: methyl violet, 1:500,000; ethyl purple, 1:800,000;
brilliant green, 1:2,000,000; malachite green, 1:1,800,000;
and crystal violet, 1:800,000.

Next an attempt was made to determine whether these
dyes would inhibit the common gram-positive organisms found

in soil and water at concentrations below those which ine
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hibit the enterococcus used as a test organism. To carry

out this experiment Be subtilis, Staph. aureus, and Str.

fascalls were used. Twenty-four hour broth cultures of the
above-listed bacteria were mixed and O.,1 ml of the resulting
mixture was lnoculated into 10 ml of base broth. Incor=
porated into this base broth were various concentrations of
dyes as shown in Table 6. These were incubated at 37° C.
for 24 hours and examined microscopically. The following
represent the highest concentration of the dyes which
supported the growth of Str. fascalls (but not E. subtilis

or Staph. surseus): crystal violet, 1l:700,000; ethyl pur-

- ple, 1:800,000; brilllant green, 1:1,500,000; malachite
green, 1l:1,000,000; and methyl violet, 1:10,000,

Varlious concentrastions of the dyes were lincorporated
into a base medium containing 1.5 per cent agar, Plates
were made and divided into sections, in which were streaked
a loopful of the above cultures. These plates were then
incubated at 37° C. for 48 hours. Growth on the plates
was recorded as positive. The results of this investl-
gation are shown in Table 7.

From the above table certain facts are evident. B.
subtilis is not completely inhibited at a 1:600,000 con=-
centration of crystal violet, while the same dye inhibe~
i1ted Staph. aureus at 1:1,000,000 concentration. 3Stre

faecalls exhibited growth at 1:600,000,
Ethyl purple inhlbited both B. subtilis and Staphe.

aureus at a concentration of 1:800,000 while no effect



TABLE 6

TWENTY~FOUR HOUR MICROSCOPIC EXAMINATION OF BASE
MEDIA CONTAINING DYE INOCULATED WITH A MIXED CULTURE

Dye and
dilution

Stre.
faecalls

B.
subtilis

StaEho

aureus

Crystal violet 600T
7007
800T

iM
l.2M

Ethyl purple 800T

« 1M
l.2M
l.5M

2M

Brilliant green 1l.5M

| 2M
2.5M

3M

4M

Malachlite green 1M
1.2M
1.5M
1.7M

2M

Methyl viclet 107

25T

50T
100T

MR RN RN RN RN RN RN R R RN RN RN R RN RN RN R RN R RN R Y
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L N '
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TABLE 7

FORTY-EIGHT HOUR PLATE ANALYSIS OF GROWTH
ON MEDIA CONTAINING DYES

i —— — —
——————— ep——

Dye and Stre. B. Staph.
concentration faecalis subtilis aureus

Crystal violet 600T # é -
700T £ ¢ -

800T £ £ -

1u # # #

1.2 £ £ £

Ethyl purple 800T # - -
1y # £ y

1.2M £ £ P4

1.5M # # £

2 # # #

Brilliant green l.5M P - £
21 # # #

251 ’ # £

3u # # y

au # # #

Malachite green 1M £ 7 -
1.2M # £ ¢

1.5M £ # £

1.7M I ¢ s

2u # # #

Methyl violet 10T - P é
25T # £ -

50T # £ £

100T # £ £




was demonsirated on Str. faeczlise

Brllliant green inhibited Be. subtilis at 1:1,500,000
but did not have a complete inhibitory effect on Staphe

aureus at this concentration. Str. faecalis was nov in=-

hibited at the above concentratione.
Malachite green, on the other hand, inhibited the

growth of Staph. aursus at a concentration of 1:1,000,00uL

but allowed B. subtilis as well as Str. fascalls to growe

Methyl violet innivitea the Str. fascalis at a con-

centraiion of 1:10,000 but did not inhibit B. subtilis or

Staph. aureus. It must be adaed that the avove experie

ments were used only as rapid screening methodse There
was a possibility that some of the light growth, reported
as plus-minus, could have been dus to the carry-over of
media on which the organlsms were cultured. All things
considered, the results of these experiments indicated
that a 1:800,000 dilution of elther crystal violet or
ethyl purple could be used fo inhibit the growth of the
bacilll or staphylococel without oeffecting the growth of
the streptococcl considerably.

The investigatlion thus far suggested that the base
medium with 0,04 per cent sodlium azide and a 1:800,000
of elther crystal violet or ethyl purple might be used as

a selective medium for Str. faecallis. To investligate this

possibllity further and also to determine which is the

better dye, the above media were prepared; one contalining
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crystal violet, the other ethyl purple.

Raw sewage, polluted water from the Red Cedar river,
and soll were collected and the streptococel indices were
determined using dextrose azide broth in triplicate for
each dilubtion. Readings were made after 48 hours incubatlon
at 37° C. and confirmed by microscoplc examination. The
following most probable numbers of streptococcil wers

obtained from the dextrose azide broth presumptive tests:

Source Visible MPN Mieroscople MPN
Raw Sewage 9,200,000 9,200,000
River Water 430,000 43,000
Soil 27,000 0

Comparing the visible MPN with the microscopic cone
firmation, it.was noticed here, as well as by Mallmann and
Seligmann (42), that dextrose azide broth supports the
growth of organisms other than streptococcl, especlally 1n
soil samples. In order to test the above two media as
confirmatory media, three loopfuls of broth from each
dextrose azide broth tube were seeded into tubes of the
above media. After 48 hours incubation at 37° C. these
wore read visibly and confirmed by mlcroscoplc examinatlon.

Results of the wvisible growth are as follows:

Source BEthyl Purple Crystal Violet
Raw Sewage 9,200,000 4,300,000
River Water 43,000 435,000

Soil 0 0
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It can be seen that the confirmation in ethyl purple azide
broth was exactly the same as the microscopic readings on
the dextrose azide presumptive teste The crystal violet
broth displayed some toxlcity in the confirmation of the
raw sewage sample bubt was simllar to the other medium
usuallye. A compact purple button formed by the sediment
seemed to be specific in all cases of positive growth.
This was repeated and similar data were obtained.

In order to test the specificity of these two media
the following experiment was performed, Cultures of
various micrococcl, isolated by Mr., Edward Seligmann and
Miss Lisa Neu of thils department, were seeded into the
confirmation media. After 48 hours incubation at 37° C.
obssesrvations were made for growthe The results of this'
experiment, as shown in Table 8, demonstrated the speci-
ficity of the ethyl purple azide broth, in that 1t only
supported growth of the Str. faecalis (Nos. 1, 8, 9, 10,

11, 12, and 40) while the crystal violet azide broth sup=
ported the growth of these organisms plus three strains
of Staph. aureus and possibly Str. mitls (Nos. 5, 6, 13,

and 17). Since most of these culbtures were only partially
1identified the certainty of the species is dublous. Such
strains are indicated in Table 8 by a question mark,
Cultures 23-36 were not identifled but belleved to be
members of the buccal group of streptococcl. Cultures

1=4 were obtailned from the Amerlcan Type Culture Collection.



TABLE 8

GROWTHE OF VARIOUS ORGANISMS IN CONFIRMATION MEDIA

(48 Hrs.)

Noe

Organism

Isolat

ion

Ethyl
Purple

Crystal
Violet

OO~JOHUPWNDH
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T T 1 E5)

Stre. faecalis

Str. salivarius

Staph. aureus
Stre. mitis
Staphe. aureus
Stre mitis ?
Staph. aureus
Str. faecalls
Stre. faecalis
Str. faeecalls
Str. faecalls
Str. faecalis

‘Staph. aureus

Str. faecalis
Str. mitis ?

Staph. aursus
Staph. aureus
Staphe. aureus
Str. faecalls

or

?

or

Str. salivarius

Staph. aureus

Staphe. cltreus

Staphe. eplderlcus

Staphe. aureus
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Proteus vulgaris
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On the basls of the results obtailned from the pre-
ceding preliminary Investigations, ethyl purple was found
to be a better selective agent, for the gram-positive
bacteria than was crystal violet. The latter dye was
also found to be more toxic when used in a confirmation
medium than was ethyl purple. On the basis of these find-
ings, a more complete investigation of ethyl purple azide
broth was carried out in order to prove the merits and dis-
cover 1ts limitations, The formula for this medium, which
will be used in the following experiments is as follows:

Ingredient Grams per liter
T'ryptose 20
Dextrose 15
Sodium chloride 5
EoHPO, 247
KHoPO, 2a7
Sodium azide 044
Ethyl purple 0.,00125

PH = 740

Sterilized at 1210 C. for 15 minutes
To investlgate the specificity of ethyl purple azide
broth more thoroughly, actlvely growing cultures of the
following organisms were seeded into this medium: Pseudo=-

monas aeruginosa, Staphylococcus aursus, Staphylococcus

aurancica, Staphylococcus albus, Sarcina citreus, Sarcina

lutea, Serratia marcescens, Proteus vulgaris, Escherichia
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¢oli, Escherichia communior, Salmonella typhimurium, Sal-

monella typhosa, Shigella alkaliscum, Mierococous agilis,

Bacillus subtilis, Bacillus cereus, Alkaligenes faecalls,

Chromobacter violaceum, and Streptococcus faecalis. After

incubation at 37° C. for 48 hours, these tubes were examined

for visible growth. Str. faecalis was the only speclss

whlch showed visible growth.

From the previlious data it was quite obvious that
othyl purple azide broth supports the growth of streptococeci
but further information was needed to find its specificity
limitation within the streptococel groupe For thils, actlvely
growing cultures of streptococeci, acquired from Cornell
University and Iowa State College, were seeded into the
test medium. Observatlions for vislble growth were made
after 48 hours of incubation at 37° C. It was found as

showmn in Table 9, that only the enterococei, Str. faecalis,

Str. durans, Stre 1iqpefaciehs, and Stre. zymogenes, demon-

strated growth at 48 hours. Stre. bovis grew out after five

days and the rest did not show any visible sign of growth
after a week of incubatlone.

This set of data was repeated with similar resultse.
It showed that ethyl purple azlde broth was not only specific
for the growth of the streptococci, but 1t was specific to
the extent of supporting the growth of only the enterococci,.
Again 1t was noted that all the enterococcl demonstrated a

compact purple button on the bottom of the tube after 48 hourse



TABLE 9

GROWTH OF VARIOUS STRAINS OF STREPTOCOCCI

IN ETHYL PURPLE AZIDE BROTH

Species Source Growth after
48 hours
incubation
Str. bovis Bovine mouth -
Str. faecalis Intestine #
Str. durans Intestine #
Stre. liguefaciens Intestine £
Stre. mitis Mouth -
Stre. zymogenses Intestine £
Stre oquisimlilis Pig heart valve -
Stre. lactls Milk -
Stre. thermophilils Milk -
Str. salivarius Milk -
Str. agalactlae Milk -
Stre. dyagalactiae Milk -
Str. uberis Milk -
Str. canls Dog -
Str. squl -
MLB Porcine abscess -
419-9 Pig liver -

.40
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Unidentiflied streptococci cultures were classified as
to whether they were enterococeci by their ability to grow
at 45° c, and in the presence of 6¢5 per cent sodium chlor-
ide. Trypfose phosphate broth was used as the base medium
in both cases. These cultures were also seeded into ethyl
purple broth, Perry's S. F. broth, Winter and Sandholzer
presumptivp medlum and then positive tubes were confirmed
in Sandholzer's 6onfirmation broth-slante Perry's S. Fe
broth and Winter and Sandholzer's presumptive broth were
incubated at 45° C., while ethyl purple broth and Winter
and Sandholzer's confirmation medium were incubated at
37° c. Ali tubes were incubated for 48 hours with the
exception of those containing Winter and Sandholzer's pre-
sumptive medium (directions call for 8412 hours of incu-
bation) which were incubated only 24 hours.

The pesults of this test indicate, as shown in Table
10, that those strains having the characteristics of fecal
streptococel, growth at 45° ¢, and in the presence of 645
pér cent sodium chloride, grew in ethyl purple azide broth,
wlth the exception of cultures 17, 18, and possibly 33.
None of the enterococcl showed acid productlion or visible
growth in Perryis Se. Fo broth, while only Culture No. 25
was confirmed by the Sandholzer method. All cultures grew
1n dextrose azlde brothe. These data indicate the selectiv=-
ity of ethyl purple azide broth for the enterococcl as
compared to other methods. The toxicity of these latter
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media 1s clearly demonstrated,.

In order to test the effectiveness of ethyl purple
azide broth as a confirmatory medium for the enterococci
the following investligation was carried oute. Samples of
water were taken along the Red Cedar River at bridges and
points at which sewage entered the river. Raw sewage
samples were also collected. The river water (undiluted
in ten-fold dilutions up to 1:1,000,000) and sewage samples
(diluted in ten-fold dilutions up to 1:10,000,000) were
seeded in dextrose azide broth, incubated at 37° C. for
48 hours, Mlcroscopic examinations were made after 48
hours and used as a control for the positive streptococcus
growthe Three loopfuls of the dextrose azide broth were
then seeded into the ethyl purple azide broth, incubated
at 37° C. for 48 hours. Microscopic examinations were also
made of the 48 hour confirmatlion tubes. One hundred and
sixty-four samples of river water were examined by this
methode

A representative sample of the data is shown in Table
11, While this table does not include all of the results
obtained, those not included tend to show the same trend.
Ethyl purple azide broth confirmed the microscopic positive
tubes of dextrose azide brothe It was also found that all
positive confirmation tubes only contained streptococel
when exsmined microscoplcally. Again 1t was noticed that
the growth after 48 hours 1ln ethyl purple azide broth



TABLE 11

RESULTS OF USING ETHYL PURPLE AZIDE BROTH AS A
CONFIRMATION MEDIUM FOR STREPTOCOCCI IN TERMS OF M.P.N.

—
———

Site of Dextrose Azide Ethyl Purple
Sampling Sample Prosumptive Azlide

_ Confirmation
Vislible Microscopic Visible
Railroad Ce 4,500 4,500 4,500
Bridge Je 9,500 9,500 9,500
P 4,500 950 9,500
Ve 45,000 45,000 95,000
Se 45,000 20,000 110,000
9. 45,000 25,000 20,000
Women! s D. 4,500 4,500 4,500
Gym E. 9,500 4,500 2,500
Bridge K. 4,500 4,500 140,000
Qe 9580 950 45,000
Xe 25,000 2,000 2,000
4, 2,500 2,500 2,500
Hotel F. 2,500 4,500 4,500
Bridge L. 25,000 95,000 25,000
R. 45,000 45,000 95,000
Y. 140,000 14,000 20,000
5. 2,500 2,500 250
12. 2,500 300 1,150
Kalamazoo Io 4,500 9,500 4,500
Bridge Oe 140,000 140,000 140,000
Te 45,000 45,000 95,000
Ze 25,000 9,500 25,000

8e 150,000 25,000 35,000
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appeared as a compact purpls button on the bottom of the
tube,

Since some streptococei were found microscoplically
in the 48 hour dextrose azide tubes, but were not con-
firmed in the confirmation medium, an investigation was
carried out to determine whether these were of fecal or
non-fecal origin. Tubes which were not confirmed were
diluted by loop dilution, and plated on brain-~heart infusion
agar. After incubation at 37° C. for 24 hours, colonlies
were fished and purified in tryptose phosphate brothe
After purity was established these cultures were grown at
45° C, and also in a 6.5 per cent sodium chloride brothe
The results indicated that of the 82 cultures checked only
7 were classified as fecal streptococci by Sherman's method
of classification, Of these 7 cultures, five showed typical
enterococcl growth when reinoculated in the confirmation
brothe These false negatives in ethyl purple azide broth
may have been due to faulty laboratory technlgue when seed-
ing from the presumptive to the confirmatory medium.

These results indicated that ethyl purple azide medlum
inhibited not only bacilli but also non-fecal streptococci
while allowing the enterococcl to grow readily. To further
prove this, tubes which did show typlcal growth were picked
at random and seeded in tryptose phosphate agar by loop
dilution. Cultures were isolated, purifisd and tested as
above. Of the 116 cultures tested by this method only
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three typed out as non-fecal streptococei. One culture
grew in the presence of 6.5 per cent sodium chloride and
not at 45° C., while the other two did not grow in either
teste It must be reported, however, that these cultures
were lsolated from plates that demonstrated fecal strepto-
coccil, Also, these three cultures did not produce a typlcal
purple button in the confirmatory medium but showéd very
scanty growth upon reseedinge

Tp compare the dextrose azide~ethyl purple azide
broth method, for the detection and confirmation of entero-
coccl with present-day methods, samples of river water and
sewage were seeded Into these media and confirmation pro-
cedures carried out as previously deseribed. The results
of these studies, as shown in Table 12, proved that the
ethyl purple azlde confirmation method was far better than
Perry'!s or Winter and Sandholzer's methods. In every case,
with the exception of sample 21, ethyl purple azlde de~
tected and confirmed from 100 to 1000 as many enterococcl
as did the above methods, Samples 6 to 12 were taken from
a relatively unpolluted stream. The results of both Perry's
and Winter and Sandholzer's methods indicate no fecal
streptococel in any of the six samples when the ethyl purple
azide method detected two samples, 11 and 12, with strepto-
cocci indices of 73, Samples 1 to 6 and 36 show higher
indices in Perry's than in Winter and Sandholzer's method
but in the case of the remaining 35 samples Winter and
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TABLE 12

OF ENTEROCOCCI WHICH WERE
DETECTED AND CONFIRMED BY VARIOUS METHODS

—

—

Winter and

— p——res
e—— =

Dexbrose Azide

Sample Perry's
Numbexr S. Feo Sandholzer's and E.P.A.
Method Me thod Broth Method

1 91 o] 920
2 91 0 430
3 36 36 430
4 36 0 740
5 240 0 920
6 91 0 150
7 0 0 0o
8 2] o o
%] 0 o) 0
10 o 8] 0
11 0 0 73
12 0 0 73
13 0 0 480
14 0 0 240
15 o 0 920
16 o 36 430
17 0 o 9,200
18 0 0 2,500
19 0 73 140
20 0 91 920
21 ) 240 240
22 91 150 2,500
23 240 1,470 4,300
24 7S 36 91
25 0 90 1,500
26 40 150 700
27 ol 210 4,500
28 0 70 4,500
29 0 450 2,000
30 40 450 25,000
31 240 1,500 20,000
32 o1 450 25,000
33 0 3,000 110,000
34 0 40 2,500
25 0 0 15,250
36 o1 40 15,000
37 0 40 35,000
38 40 40 20,000

47
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Sandholzer's method detected as much or more enterococci
than d4id Perry'!s medium.

It must be noted here that microscoplc readings of
the dextrose azide presumptive broth invariably resulted
in higher indices than did the readings of the other two
presumptive broths. Positive confirmation in the ethyl
‘purpla azide broth was noted by the compact purple button
in the bottom of the tube, This was easily noticed after
48 hours of incubations The tubes must not be shaken

before this characteristic growth is noted.
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DISCUSSION

Many investigators, especially those in England, have
demonstrated that the enterococci can be used as indicators
of fecal pollution. Mallmann and Litsky (41) have shown
that these organisms can be used to.test recent pollution
in soils where the coliform bacteria are normally found, as
well as in watere. However, in the light of these reports,
results have been publlshed to the effect that the entero-
cocel are not good test organlsms for pollutlon because so
few could be lsolated as compared to the coliform organisms.
This belief has been dominating the Investigations for the
past fifty years and consequently the entsrococcl were
never given thelr proper role as test organisms.

The primary reason for not using the enterococcl for
testing for pollution was that there never has been a
satisfactory medium that could be used for the isolation
of these organlsms. If and when these organlsms were
detected a complicated identifilcation procedure had to be
employed for their confirmastion. It was not uwntil 1937
that Sherman proposed the two test methods for the identi-
fication of enterococcls

From 1930 on, numerocus media were reported in the

literature for t he detection of fecal streptococci. These,
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however, were too toxic for the detection and demonstration
of the actual number of streptococei in a sample of water,
especlally if the water was not grossly polluted. Conse-
quently, those that did confirm were so few in number that
the test was not practical. These media had to be confirmed
by microscopic examination, which only tended to complicate
the method as well as to add more worke

In 1950, Mallmann and Seligmann published a paper in
which they showed that azide dextrose broth was the best
tost medium for the quantitative determination of strepto-
cocel as compared to the media used at that time. This
medium had to be confirmed by microscoplic examination also.
It was felt that a microscopic determinatlion defeated the
purpose of thls test because 1t required a trained tech-
nician and valuable time to prepare the stained slides
and to examlne them. The average water analysls laboratory
unfortunately is poorly equipped and cannot employ a trained
bactertologist for routine analysis. It can also be stated
thet these workers have little time to examine confirmation
slidese

Another objection to mlcroscoplcal confirmation is
that streptococcl may take any coccus-llike form including
that of micrococci, diplococci, sarcina, staphylococci,
etc. and conversely. It also must be added that it 1s
very easy to call a smear negative for streptococci and

find them on further examination. It can be stated further
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that under the microscope all streptococeci look alike and
that fecal streptococcl can not be differentiated from non-
fecal streptococci. Because of these objections, a medium
was sought to confirm the dextrose azide positive tubes
wlthout the use of the microscopic examination,

The preceding work in the development of ethyl purple
azlde broth is self-explanatory. It shbuld, however, be
noted that when 0,04 per cent of sodium azide was used in
the base medium, a 48 hour incubation period was necessary
for the visible growth determination. When the ethyl purple
dye was lncorporated into the medivm, most of the positive
tubes were observed in 24 hours or less. This suggests
that the dye is 1n some way decreasing the toxiclity of the
sodium azide. The same phenomenon was reported in brilliant
green bile medium, where the bile decreases the toxieclty of
the brilliant green dye concentration used.

To teat the effect of dyes from various sources on
the selectivity and toxiclty of the medium in which they
are employed, three batches of ethyl purple azide broth
were made, each having the sams ingredlents with the ex-
ception of the dye source. When toxlclty tests were carried
out, 1t was found that media made from the dyes from
National Aniline, Difco Laboratorlies, and Haricco showed
different toxic effects. The medla made with the dye
received from Difco Laboratories supported the growth of

Str. faecalis as well as dextrose azide broth, whilch was
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run as the control. All five tubes supported growth when
one ml of the culture containing approximately 1.56 organ=-
isms was seeded in the broth tubes and three out of five
tubes showed growth when they were seeded with one~-tenth
of this number of organisms. The dyes from National
Aniline and Haricco demonstrated more toxiclty than the
above. National Aniline dyé, which was used in the devel-
opment of ethyl purple azide broth, showed four of the five
tubes positlive when one mi of the dilution (containing
approximately 1.56 test organisms) was seeded, and only
two positives out of five when one-tenth of the above
dilution was used. The medium made up with Haricco dye
showed four out of five positive tubes in the first dilu-
tion and none in the second. All showed five out of five
positive tubes when dllutions were used containing l15.6
organisms per ml or moree.s

Litsky, Mallmann and Fifield (33) showed that these
dyes differ in actual dye content very greatly. Uslng
spectophotometric analysis, they showsed that the dye pre-
pared by Haricco contained the greatest amount of active
dye content of those examlned. When these results were
compared with the blological toxlclty results it was dis-
covered that there 1s a corfelation between the toxicity
of the ethyl purple azide medla and the actual dye content
of the dye. Haricco dye, with the largest content of active

dye, was found the most toxlc while the dye obtalned from
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Difco Laboratories contailning the least amount of active
dye was found the least toxic. TUntil further investiga-
tions are carried out as to the dye content, and until this
dye 1s certified by the Certified Dye Commission, a con-
centration of 1:800,000 or 0.00125 gram per liter of ethyl
purple dye produced by the National Aniline Company should
be used in this confirmation mediums.

The above results also show that very few organisms
are required in the inltlal inoculum for growth in the
mediume This Indicates that although there are two inhibe
ltory agents in the medium, together they demonstrate very
1little effect on the growth of enterococcl.

A word of cautlion as to sterilization of this medium
should be emphasized at this time. It was noticed that when
the medium was sterillized for more than 15 minutes at a
temperature of 121° C. browning took place and the longer
the mediuvm was sterilized the more the browninge. Toxicilty
tests, in the same manner as described above, were made
using a lot of medium that was sterilized for 15 minutes
as a controle It was found that the longer the sterili-
zation process was prolonged the more toxlc the medium
proved to be. It must be stressed that this medium should
be sterilized only for 15 minutes at 121° ¢. for its great~
est efficlencye.

As was reported in the preceding sectlons, ethyl purple

azide broth supports the growth of the enterococeci and in-
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hiblts all the other bacteria that were tested. The
specificlty of this médium for the fecal streptococcl can
be put to much use in the field of medlcal bacteriologye.
With the use of this medium an enterococcus can be dlsting-
‘ulshed very rapldly and easily from that of an hemolytic

or pyogenic streptococcus without employing a long series
of medla and reagents necessary for the separation at

present,

Streptococcus faecalls has been named by Dack (1ll) as

the causatlve agent 1n many food-poisonlng outbreakse.
Ethyl purple azide broth may find a major role in this field,
thereby, making 1t possible for the investigator to trace
this causative organism very rapidly and without too much
effort.

It has been philosophized for many years that the
fecal streptococel have a common characteristic which
separates them from the rest of the groupe. Sherman found
that these bacteria are the only streptococci which will
grow at 45° C. and also in the presence of 6.5 per cent
sodium chloride. The results of these investigations 1in-
dicate another characteristic common among the enterococeci,
the fact that they will grow in the confirmatory medium while
the other streptococcli will nots This investigation was not
made to determine whether thls ability is due to tolerance
or an enzyme system. It does, however, suggest very strong-

1y, & common characteristic emong the enterococci, and the
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reason for thils may be found in a further investigation of
this mediume.

A new method for the detection and confirmation of
fecal streptococci in water, sewage and soill has been
suggested. This method employs dextrose azide broth as
a presumptlive medium and ethyl purple azide broth for con-
firmation. TUsing the microscopical examination data as the
control, it was demonsitrated in the preceding sections that
ethyl purple azide broth satisfactorily confirms the posi-
tive presumptive tubes that contaln enterococei. In fact
it may confirm a larger number of those than are called
poslitive by the presumptive microscopical examination as
can be seen in Table ll, This may be due to mistakes in
the smear examinatlon, in that the streptococci are con=~
fused with other forms or that they were sc few in number
that they were not detected. It also may be due to the
original conditlon of the organism when first isolatede.
Weak strains may take 48 hours in dextrose azide broth to
be revived. These fow organisms may not be detected by the
microscope. When they are transferred to the conflirmation
medium 1t is possible that they may be revived to the extent
that they multiply more rapldly and consequently show
visible growth at the end of an additlonal 48 hour period.

Dextrose azide broth presumptive tubes, showing
streptococcl by microscopical examination, but not growth
in the ethyl purple azide broth, were plated and cultures

isolated and classified. Of these only seven out of 82
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cultures which were studied were classified as fecal strep-
tococci. Flve of these seven demonstrated typical growth
on subsequent inoculation into the confirmation mediume

The absence of growth in the primary confirmation medium
might be attributed to faulty laboratory technique in the
transfer. Of those not confirming, the majority were
classified as micrococci; although staphylococcl, diplo=
cocci and tetrads were frequently encountered.

The above method was compared with the former methods
used for the detection of enterococecl and it was found thatb
it was superior to the Hajna and Perry method and also
"The Winter~Sandholzer Enterococcus Test" in that 1t detected
indices from 100 to 1000 times as greate One reason for
the toxicity of these established tests might be due to
either the inhibiting agent in the primary enrichment medium
or the 45° C, incubation temperaturee It is logical to
surmise that the more optimum the growth conditions are,
the more organisms will survive the critical lag phase of
the growth cycle. The primary medium should be employed
only to enhance the growth of the test organism and not
to identify it. When growth occurs and a large number of
these organisms are present, then and then only should con-
firmation be attempted. Both Hajna and Perry‘s.s. Fe
broth and Winter and Sandholzer!s presumptlive broth are
incubated at 45° G, It 1s true that the enterococci grow
at 45° C. but this temperature is not the best temperature

to grow a very small number of bacteria as often occur in
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water and soil samples. Dextrose azlde, on the other hand,
is incubated at 37° C. and results in a larger index.
Winter and Sandholzer's confirmation medium was compounded
with the ldea that if t he enterococeci are able to survive
85 per cent sodium chloride, 0.1 per cent methylene blue
and peniclllin, then these organisms should be able to grow
in a medium contalning all three. This 1s not the case, As
the experimental data show, this medium is far too toxilc to
grow fecal streptococcl when seeded in pure cultures, let
alone enterococcl found in water. Ethyl purple azide broth,
on the other hand, showed visible growth when approximately
1.56 organisms were seeded into 1t, In ordinary routine
analysis thls 1s not important because dextrose azide broth
increases the number of organisms and a very large inoculum
is transferred for confirmetion.

The following paragraphs were taken from a preliminary
report of a "Tri-State Survey of Lake Michigan Waters" by
the United States Public Health Service (60) and demon-
strates the attitude at present concerning enterocoecci as
test organisms for pollution:

"The Enterococcus Test of Winters and Sandholzer
was made simultaneocusly with the coliform exam-
ination of each sample. Without evaluatlon at
this time of 1ts usefulness as a pollution in-
dicator, the following summary describes the
resultse

"), The enterococcus group was isolated from
most sample points at one time or another during
the period of the survey, includlng areas where

the sanitary survey showed no evidence of 1lm=
mediate sewage pollutione
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"2, 1In areas where the sanitary survey showed
no evlidence of immediate sewage pollution, the
denslty of the enterococcus was extremely low.
Generally the results were negative to the
largest portion examined, in frequent instances
the most probable number of organisms exceeded
346, but rarely did they exceed 43¢ « o o

"3. The enterococcus density was much higher
in areas where fresh sewage or treated sewage
effluent entered the waters of the area. The
most probable number of organisms exceeded
3.6 more than 50 per cent of the time, fre-
quently exceeded 43, and in some instances
exceeded 240,

"4, The highest enterococcus densities occurred
at the outlets of Pettibone and Sunderland

Creeks in Iske County, Illinols. At these two
points the density exceeded 240 per 100 ml

in 8044 per cent and 33,3 per cent of the

samples examined.

"3, ©No characteristic enterococcus-¢oliform ratilo
existed for the entire section of Lake Michigan
waters studiled. However, 1t is apparent from

the results secured that the enterococcus deter-
mination is a less sensitive measure of bacterial
densities of waters than is the coliform deter-
mination."

Compared to the method advocated in thls paper, the
above results derived by the Winter-Sandholzer entero-
coccus test are very low and result in erroneous conclu-
sions. Using the dextrose azide-ethyl purple azide broth
method, as is shown in Table 11, samples from areas where
no evidence of immediate sewage pollution could be detected
(Women's Gym Bridge) showed enterococcus lndices from 2,000
to 140,000, whereas the above report indicated that they
rarely exceeded 43. Where sewage and treated effluent
entered the waters the above report recorded indices more

than 3.6 and frequently exceeding 43. Samples from the
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Kalamazoo bridge, a quarter of a mile downstream from the
East Lansing Sewage Treatment Plant, ylelded indices from
25,000 to 140,000 per 100 ml of water. It is obvious that
the flgures of the U, 3. P. H. S. would have been higher
and more significant if a more efficient method for de~
tecting enterococcl were employede.

In conclusion it might be repeated that the method
developed and described in this pasper is the most accurate
and easlest of all the methods used for the detection of
fecal streptococcis It eliminates the microscOpic examin-
ation and only two tubes of media are requilred. This test
tekes little time to carry out and can be employed in the
smallest of water laboratories. It does not requiré any
additional tests such as the catalase test of the Wlnter
and Sandholzer methode It can be incubated in the ordinary

37° C. incubator and does not require 45° ¢, incubation.
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SUMMARY

It was demonstrated that a concentration of 0,04 per
cent sodium azide inhibited the gram-negative organisms butb
not the streptococeci.

Data indicated that the following dye concentrations
did not inhibit Str. fascalis for more than 48 hours:

methyl violet, 1:500,000; ethyl purple, 1l:800,000; brilliant
green, 1l:2,000,000; malachite green, 1:1,800,000; and
erystal violst, 1:800,000.

Ethyl purple azide broth, a new medium, was developede
When tested with laboratory strains of bacteria, it was
found that the enterococcl were the only group that would
grow in this medium. These organisms also showed a charac-
teristic growth of a purple compact button on the bottom
of the tube of medium after 48 hours of incubation at 37° ¢.

The speciflclty of thls medium has been demonstrated
also with samples from river water, sewage, and soll.

A new test for pollution of river water, sewage, and
soil has been advanced. Thils test employs dextrose azide
broth as a presumptive medium and ethyl purple azide broth
for confirmatlone.

A comparison of methods for the detection of entero-

coccl was made and it was demonstrated that the new dextrose



azlde-ethyl purple azide broth test was the best and

easiest of those In use today.
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