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I1TRODUCTION

It is generally recognized that there are three major
groups of bacteria that might be used as indices of fecal
pollution because of thelr presence in the intestine of
normal warm blooded animals and man. %The {irst, the coli-
form group, are characterized as the Gram-negative non-
spore-forming, aercbic or facultative anaerobic, bacilll
which ferment lactose with the formation of gas., AL pre-
sent this group is the one most commonly used for determin-
ing fecal pollution. The other two groups, namnely the fecal

ol

streptococcl (enterocoecci) and the svore forming lactosc-

&
ffermenting anaerobes, have not been employed as fecal
indices because of the difficulties involved in their cul-
tivation.

In spite of the wide recognition of the coliform
group as a fecal Indicator, there are still times when it

ls not certain whether these organisms are of fecal origin,

For example, when BEscherichia coll i1s isolated consistently

from sea water collected 50 miles from shore, it is hard to
believe of its being of recent fecal orisin, Occasgionally
a high coliform content is encountered in situations where
a sanitary survey fails to show any source of fecal pol-
lution. These observations cast considsrable doubt upon
the value of the coliform bacteria in sanitation under cer-

tain conditions. Whether or not the presence of these or-
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In 1044 white and Sherman reported the use of & selcc-

&%

tive medivm Cor ihe igeolsition of ithe enterococel. Thea meclum

1 i

utilized the Inbibitory actleon of sodlwr aside Lo eliminatle
srachtically all bacterla excent the staphylococel and ptron-
tococel. Uy addings ponlielllin, growth was restricted 1o the

fecnl strenitccocel, one of the few penlicillin-resisiant

his new mediwm oflered posslbilities for using the
fecanl streptococcei as index orpanismes in the detectlon of

feeal polluclon. ihe characteristics of this group are dise-

A

4

tinet and for ithig resscn conlirmastion of thelir presence can

be easily acconplished., fhe one practical limitatlicon that
had Yo be overcoms was the development of a rapld pregump-
tive test. ‘the eluess to this were louand in the nuitrient

of these bacteria zs Indicated by olhervan {(1357)

in his monogravh on the Streptocoecl,
The primary characteristics of the feur nmaln divislons

of the genus Strepltococcus, i,e., the cpenlc, the viridans,

the enterocoecci, ars shown in uwable 1, UYhe
enterococel censist of four specles, Strestococeus lecnlis,
Strepuoccecus ligucfaclens, Strepiococcus asvmopenes, and

Streptococcus durans. ‘hese all belony to Lanceflieldles

et

(103%) group D and are divided on the basis of hamolysils,

b 1

two (feecalin and liguefacisne} belng non-hemolytic. OF ihe




Table I

FUIMARY CHARACTERTITICC OF THD JREBRRS
OF THE GENUS STREY ?x)im(;mj 3
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four majar ﬁivisimna, the ant@raauﬁpi are the mest active
as far as cultural aharacﬁmristiaa ara aaﬁaernaﬂ,;rfheﬁa
four species share with the lactiaigranplﬁhﬁ ability to
grow at 10°, In eém&an with th§ vir¢ﬁann sbuciaa and group
H, they grow at 45°¢, They are unigue in their ability to
tolerate and grow in 6.5 per cent sodium ochloride and at
PH 9.6 respectively, and are aleo unique in their resistance
to psnicillin. They share with all but the pyogenic group
(group H excepted) the ocapacity to survive 60°C. for 30 min-
utes and share with all but the viridans group the abllity
to produce ammonla from peptone.

The cultural characteristics of the four specles com~
prising the enterococel are shown in Table II. 4 primary
separation can be made on the basis of hemolysis and the

reaction in gelatin aaaarﬁimgvt@ the following schene:

Hemolysls
/ \
Fosltive Negative
Gelatin Gelatin
7\ /N
IAquefied ¥ot liguefied Liquefied Hot liquefied

B, liguefaciens 8. fecalis 8. zymogenes 5. durans
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According to Shermen (1337) and Houston {1536), the
four species, regardless of thelr hemolytic properties, a1l
belong in Laneefisld's group D when tested with antisera

prepared using Streptocotcus gymogenes a8 the antipgen.

The detailled taxonomie features of each respective specles
are listed below:

Streptococous fecalis, Spherez, ovals, of varlous size,

waually occurring in chalilns of two to elight cells. Gram-
pogitive, QGelatin not liquified, ¥Froduces turbidisy in
broth, clearing later with abundant sediment, Reactlon to
litmme milk 18 acid, usually reduction of litmus befors curdle
ing; no digestion of clot, Acld from dexirose, maltose, lacw~
tose, trehalose, sallcin, and mammitol; may or may not
ferment arabinose, sucrose, raffinose, glyﬁ@rél, sorbltol;
imulin not fermented., Starch 1s not hydrolyszedy sodium hipe-
purate may be and esculin is hydrolyzed. Ammonia is produced
from 4 per cent peptone. Optipum temperature is 37°C.; will
grow at 10°C, and 45°C.; survives 62,8%C., ror 30 minutes,
Poleratas 8.5 per cent NaCl. Final pH in dextrose broth is
4.5 to 4.0. Grows at ﬁﬁ ég&.:twélerﬁﬁés O§1~per cent meth-
viene blue. Nag hemolytic. Lancefield's group D. Facul~
tative ankerebe, lHabitaty - Human and animel intastine.

Btr@ptéaaeéuﬁ liguefaciens. This specles shows the

game characteristics as st?gyié&ba&qufs@alia except as

given below,
Gelatin liquiflied with profuse growth, Litmus milk 1s
acid, curdled and peptonizged. Acid from dextrose, maltose,



w

sucrose, lactose, trehalcocse, marmitol, sorbitol, salicin
and plycerol,.

Streptococeus zZymogenes, This specles shows the same

5

characteristics as 3treptococcus fecalls excent as oiven

r

balow,
Celatin usually liguified. Litmue mllk ds acid,
curdled and peptonized. Acid from dextrose, wnliose, sucrose,

&

lactose, trehalose, manmitol, sorbltol, sallcin and glycerol.

Beta henolysis,

Streptococeus durans. This specles shows the same

characteristics aas Strepitocceccus fecalis except as given

beslow,

Litrmus milk is acld; curdled followed by reduction of
litrmas., Acld from dextrose, maltose, lactose and ususlly
sallcin and trehalose, Rafflnose, inulin, serbitol, ara-
binose, glycerocl, mannitol and sucrose not fermented. So-

diuwm hippurate 1is hydrolized., Beta hemolytic,



LI

tThe litercture dealing wiith foenl pollution indicates
thaot muach of the early work was carried on by sanitarians
in charge of water supplies. Following the cholera epidenle
in London from the Broad street well in 1854, there evolved
a growing conscloueness of the role of polluted woter in the
spread of enverie diseases, During the 1850's, there were a
number of outbreaizs of typheld fever In America, Ingland and
contlinental Europe. These epidemics stimulated research to
find methods for determining the presence of human excrement
in water., ihere were two methods of approach; chenmlcal and
bactericlosical. The rmain intersst centered about the dee
tormination of the nominl bacterinl [flora of the intestine,
Uescherich In 1880, first dezeribved the Grane-nepacvive bzellli
whiech have served azg an index of feecal pollutilion since ithwe
perimnling of bacterloloplcal sanitary sclence.

The first report of strepioccocelits being isoclated from
sewase wasg made by Roscoe and Lunt in 1891, who deseribed

what they called Streptococcus ureasc. the desceription and

photomicrosraphs of this corganism indicalte that it probobly
was one of the lecal streptococci. three years later, Laws

and Andrewes (1894) reporied a small streuvtococcus as belng

most common or;anism presgent in fresh sewage Irom the

i,
(3381

Q

5t. Bartholorew hospital. Yhiercelin (180U) in his report

n the morrholory and method of reproducilon of thecse orpan~



10

isms, was the first to use the term "entsrococel®.

Houston (10@2) was the first to call atiention to the
significance of ithis group of streviococci in water. lle
examined the rivers arcund London and found that streptococeci
could be lsolated from 0.1 to 00,0001 ml. allcuots of water
poelluted with sewage. e was unable to lsolate streptococci
from 0.1 ml. quantities of water from those rivers "above
suspiclon of contamination. This led him in 1899 to state:

in the present stage of our knowledge, the
presence oi strecntococel in a substance, be it

goll, or sewage, or water, supcests recent asso-

cintion of certain ingredients of that substance

with an animal host. These microorganisms are

readlly demonstrable in waters recently polluted

and they are seeningly albtogether absent from

winters above suspicion of contaminstion.

he method of isolation used by lHouston at this time
was to filter the water sample throurh sterile Pesteur fil-
tergs and tronsfer the residue to an agar plate by means of
o small sterile brush. The apar plates were incubated at
- 5 : .

37 °C. for 24 hours and then examined for minute colonies,
These colonles were then plciked for subculture and further
study.

The following year IHouston agsin stressged the fact
that the streptococcl were indicatlve of extremely recent
pollution. @He stated that 1f sbtreptococel arc absent, it

does not imply "purity or safety" Lut their presence does

%

indicate recent pollution. In his description of these or=-
panlisms e mentlons o fact that 1s recognlzed today, nawely

that many of the streptococel are almost rod shaped.
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In 1901, Harrocl published his book on the "Bacterioclow
slenl Bxramination of Waters™ in which he devotes one chapter
to the sewage streptococci. In his experience, when dilu-
tions of old sewage are kept in the dark on a veranda for a
few days, the streptococcl rapidly disappear, so he deducted
"thelr presence in a water supply undoubtedly indicates a
recent contamination but the contamination is not necessarily
dangerous unless the streptococcl are accompanied by B. coli’.

The first nmention of these organlsms in America was in
the two papers in 1802 by Winslow and lunnewell., (hie first
paper was primarily a review of the papers of Houston with a
report of a few prelininary confirmatory exveriments in which
they found the occurrence of strectococcl in polliuted river
walter to be constant and significant. They suggested that
these organisms be referred to as "the sewage streptococci of
Houston®., In the second paper, they report that they examin-
ed 157 samples of unpolluted water and found sitreptococcel in
only 3 samples, whereas they found these organisms present in
£5 of the 50 samples of water Inown to be polluted. They
note that they might have found the organisms in nore of
the polluted waters if a better method of isclation had bteen
available, They concluded that "it 1s desirable that the
occcurrence of the streptococcl, as well as the colon bacilli,
should be noted in sanitary water analysis™., Later Winslow
and HUibecker {1503) found streptococeci in only one sample of
the 259 sampleg of unpolluted waters tested.

Prescott (1302) showed that in many cases, the strep=-



thwe colon baclllli in plucose broth after
24 hours of incubation. irrescobtt and Baker (1004) laoter
reported that they had tested o0 samples of polliuted water
from the Charles river of Boston and found streptocccel in
all of the samplecs., ZFrom their studles, the; zpreed to the
value of using tests Tor bwoth the colon bacilli and the
strevntococel in water analysis.

Franhiland {1011) worling in Houston's laboratory and

- N4 N e T I . ) -1- PR T, .,
using his method of spreading 1 ml., of the water ss

Conradi-orisalsizit's medium (apnendlx A), Incubating at 57°C .

T the Thames, Lea and Mew rivers. ‘e first two were pol-
F ] X

o]

luted wirlle ©The last wogs a much cleancr river. The results
showed that coliflorm bacteria arc more often isclated {from
thesge wotoers than are the sitreptococel, He alsco found that

human feces contains roughly 100,000 streptococcel per gramu,

<+
<
o
o
[

e
»
[
O
’,.J
I.J-
o

sometlrics belng more abundan

Clemesha (1v1lZ), in India, found the streptococcl pre-
gsent in 0.2001 ©to 0.00001 grams of human feces which might
be interpreted as 100,000 organisms per gram, as wos pre-

viously reporied by Frankland. However, he was able to

Isolate sireptococcl from 20 ml. of water on only six occa-

sions out of 378 samples, 151 of which were grosely polluted

. 9 2 o

e concluded thal streptococecl were infiniiely rarcr in
rivers and lales in India than in iingland., In o serico of
bottle experiments in the laboratory and in the study of an

)

artificially polluted tank outdoors he found that they

ting minute colonies, compared the waters



Savage and dead in 1917, exarmined 1dl< leg ol woter

£

(074 surface supplics and 340 deep well suun

N kT
lucone neuwral-rcd bhrouvn ond

the waiter to
riiloerogconic exarinatlon | yiralng alfter irncubation ol 577
EEE N R ANALE pEp R bt LN CLONn L0 oo ilns alteer TICIID LY w ol U -

for G0 to <0 hours, OF thesge, 010 soigples concained colli-

eria pave nesative resulis for strentococcl. Thils wag uhe

firet indication that the stroptococel misht hely to dilfer-
entinte between the fecal and non-Tecal coliforrm bacteria.

In the swxpnary of thelir recporc, Savare and Read stated:

foia

ithe atsence of streptococc: £

the methods used) 1s of less sirnifli e U
their pregence, fhie standards fcr permissab
nurber of stmeytococci bronily corre 1 €
simnilar numeri w7 standards for . ¢
of less qt(ngfl ance and reliabili by
decidedly of the oplnion that the si
estirmation, carricd out by the simple @
describad, is of undoubtcd value ag evidence [op
or aralnst excretal contanmination, Ve thini fur-
ﬁher bhﬁt 17 the reliabllicy of the method (ol
isolation) could be iuyrovoﬂ, the value of the

crntococel emineration would be ernhanced and
even rore clearly demonstrable,

The following vear, Savage and vood (10l8) found that when

=

hunan feces, animal feces or seware were added to sterile

s the strevtocccci diminiched or

Pt

water blanlis, in alil case

J'

were practically eliminated after two weeks storage. 1his

led to the conclusion:
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ihe finding of strestococel or Do goll
in 1 or 10 ce. of sample can only imicate
contamination mcnﬁi@ura~$m in amount and of
recent origsin. In particular, the {inding of
streptococel in any mubere cun be sceepted as
iﬁiicutiﬁﬁ conslderatle and recent contaminae
tilon. wWe congldor that the strepiococci dow~
tormination 1s very vnluahle on 1ts pogltive
gide as an inmicmt¢er of recent contamination.
A8 a means of judging the recency of the cons
taxminatlon, it is even nore valuable than the
Be coll enumeration.

During the next deecade 1ittle work was published on
the foenl stroptecoeceil, ropelibly due Lo the incressing
emshaslie thet vac 1 beling bl on the colen baceilll, MHover-
thoeless, Vouston wos £ii1) ueines the strepiccocel and in
15350 nis resort to the Uetreonoliian lnter Roard of Lorndon

contelned o seciicon on ihis cubject, Tide purcested meiliod

- . FI S W Y

wing to ub the
s 5 -4 o 5 Py 9 £y P ] e X o~ . ,

and incubate at 2YVC, Tor 24 hours, ‘fwo to four drope of

in the center of a Pebri dish and

thig broth was then
sprecd wiith & needle, the oven vlates were (hen placed in a
apy 2790, incubator for 15 minutes sand then transferred to &

Lod Q ) g .
moist (85675 humidivy) 87 C. incubator for 45 minubtes. 50

40 Cece Of melited Dripsleki-Conradits apar (anvendix i

P P I I B - . : RS 3 . Tynmertee oo o - 2 ¥FN
then added 1o each plove and they were Incubnied nt 5770,

s SRR SR, S,

s e A 4 s A & - PRSI ; » 5
Tor 4 hhoa oo At Thoe ongd of whin f‘ﬂ:ﬁ:"i o

povbono=-11ltmis medluw {(avcondix A) and
for 24 hours, These tabes wors then oexamined for the prow-

duetiorn of acid with no caeg and then as o final check, a
Gram staln was prepared. The deying srocedure was an ate-

tempt to differentiate betweon the sallvary and the fecal

Conlzeyts broth {(apvendix A)
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strentocoecci, Lactose and rallincce Ol
ployed to differentiate beitween hunman ond other aniral
strephtococel. The huran strevtoccocel wore Tiactose
vositive¥,
‘wo vears later the gawe aunthor {(1932) had examined
14 human fecal samples and found the number of estreptococcel
te range frow 10,000 te 10,000,000 per gram. 32 samples of
e tested econtalined from 10 to 1,000,000 strepto-
being the most cormon count,
of B.

crude sewapye
cocecl per ml, with 1000 per wml.
He continues to state that the corroborative Cfinding

re very valuable,
supnested

coli and sitrentococel
Ilareld (1238}, one of Houstons collearues
usins a 1:15000 concentration of potassiuwm tellurite (ap-
pendix A) in the platins medium and the sirevptococel could
then be recognized as small blulsh blacl: colonles about 1 wm.
in diameter wilth a periphoral onpalescence,
The influence ol the scormnendatione of these British
videnced by the fact that the Commititee of

salth (1232) continues to reconmend

ol B
coocecus Test

Wi

investigators Is
the British Hinistry of le
the emumeration of streptococci as a routine proce
sanltary water analysis. In this country he 1312 Standard
Methods was the last to mentlion this test and 1t was 1laid
aside by stating, "the information afforded by the cccurrence
of these orsanisme secms to be of less value than iIn the case
P Bae coll and it is belisved that for the present at least,
Lt is of subordinate lmporitance”,
allmann and Gelol (L;uJ)bt,Q n to

the strept

dallmann (1328) and

G
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uge the strentoceccl as an Indicntor of unsafc conditicns 1n
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swirmming poods and reported that the manmber of sireohtococel

found irn swirmin: peel waterg parallels the nwount of vol-

1 .. 1

vher of bathers, In 1254,

found that in Lale Lansing, a sgmell inland lale of Hichipgan,
the streptococel {luctuatad wit

found st points free from bathing pellution, and dlsapneared
from the water over night, It 1ls nct clear whether he is
dealing solely with fecnl streptococel, howevsr, since his
rmethod 1g to usge the lactose broth of the ceolifcrm btest and

examine for &tIC'LﬁGOPCi usging a Gram stain. It is os=clble

that his Sect ds Tor the salivary strespiocceci aleone o for

a mixture of these with the fecal Itypes. In 1007 Iher
presented a very complete report in whlch the Interocoscl

r differentiated proup.
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was perhans the

Sherman and Stark (1031) made a stuly of 284 culturcs

ol strentococecl isolated from milk and other sources to de-
termine species wnlch grow at 457C. All of

&
were In thls roup. Later the same two authors {1334) node

clear the differcntlation of Strepioccoccus lactls and Slirep-

tococeus fecallis.

£ a2 “ 3 - - e - T g P Ty 2 - °
focalisg, ever since Andrewes and horder reported Thils species
abtad

in 1306 from the air and horsge manure oI Lonaeoir streatis,

are really a homogenous group of three specles, Sireprococcus
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entecrococel of Group D. They concluded that
oi ident ol sanitary sig-
nificence from milhk s Lancelleld's serclopical technic’”.
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mal buamen feces, that Streptococcus durans is a fecal orpan-

evetolore this organism had beeinn reported

powad
[

ism ol Group D.



only from millk products, Of 109 cultures of hemolytic
streptococel from 456 fecal samples of normal Individuals,

75 were Streptococecus zymogenes, 19 Streptococcus durens and

17 pyomenlec streptococcci.

In 1240, Snyder and Lichstein reported that sodium
azide (0.,01ls) inhibited the Gram-negative bacllli of feces.
Later, Lichstein and Soule (1244) showed that streptococei,
pneumococel, anaerobes and lactobaclllli were resistant to
0,034 sodium azide while Gram-nepative rods, CGram-positive

spore-Lorming: acrobeg and 3taphvlococcus clircus were very

sensitive to the some concentration. Staphylococecus albus,

Stavhylococeus aurens and Corynebacteriunm diphtheriase were

moderately resistant., Biprht etrains of sitreptococel tested
were all tolerant to a 0,05, concentration.
As n result of the early studles on sodiwn azide,
allmann (1.40) s ested that sodium azlide be added in a

1:¢5000 concentration to the colilfcrm enrichment broth (appen-
dix A) which Darby and Hallmann (1939) had just recommended
and thus produce a selectlive broth for the strepltococci, In
1343 Hajna and lerry reported a new medium for the lsclatlion

off fecal sitrepcococcl which thev called "3, s medium', The

&

inrredlients arc:
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wcto Trypitone =0 £Te
NaCl 5} ihle
Dextross & Eite
136“3- & f O ,1 {::I:i »>

[1,F0, 1.5 gm.

-

4

1
Sodium azide (Ilali.) 0.5 g
2

Bromeresol purple (1.6 alc. sol.) ml,
Distilled water 100 ml,
The medium ie sterilized at 15 pounds pregsure for 15 mine-
utes. Alfter inoculation, it is incubated at 45.58%, ror
24=48 hours and then examined for turbidlty due to growth
and for acid as indicated by the bromecresol purple., Ostro-
lenk and Hunter (1940) using this 8. P. mediunm, found that
of 51 samples of human, cat, nouse, puinea pig, dog, rabblt,
rat, chicken, fl7, and monkey feces tested for enterococci

b

and Decherichia coll, 4v contained enterococcl in 0.1 to

0.000,001 pram, while 46 contoined Lscherichia coll in 0,01

- S e L] o1 in . . 4 1.,
s a0 contalned Hecherichia

3
g4

crare  whille on

L)

to 0.000,000,1

coll, all &1 contained coliforms of one type or another. Iwo

ving negative results for both

(N

soll sanmples were tested, g

Zscherichia coll and enterococci, A Gram staln pregaration

of each of the 71 tubes of 38, ¥, medium in which an acid con-
dition wae produced showed thalt 00 tubes contalned fecal
streptococel alone or in combination with a Gram-positive,
rod-shaped organlsm, Lleven tubes were regarded as false

ives produced by this rod, lfor the rod-shaped organism

e
o]
n
L
o
e

a8 present without any streuptocccecl. Seven tubes were re-



zarded as Calse nepatives because they contalned sitreptococcl

vet an acid condition was mot Indilecated, OUslrolenk, lrance,

e

and Cleverdon (1047) supgested following the Initlal broih
enrichment by streaking the broth on the same medium solid-
ifled by adding 1.55 agar.

In 1232, Fleming found that the enterococcl as a group
were resistant to peniclillin while all other streptococcci,

as well as staphylcocoecl, pneumccocel, B. diphtherise awi L.

acliophilus were penicillin sensitive. This was noited aprain

by Bornsteln (1340) who found that =7 cultures of enterococci,
some from hls own collectlon and sowe {rom Sherman, were all
resistant to penicillin wihhile 12 culitures of viridans streu=-

tococel were all susceptibiles Strepteococcus lactis wos also

registant. llelmhiolz (1044} obtzined the celve resultls

when 50 cultures ol Strentococcus fecglls were suscepiible

to & oxford units of penicillin per ml, in urine, Ferhauvs
the difference may be due to the fact that here the penicil-~

oL

O@le

o

1in 1s in a urine =oliu

O

A new mediun selective for the enterococcel was suggesi-
ed by Vhite and Shermaen in 13944, 1t takes advantage of the

action of sodium azide to iInhibit most all of the bacteris

other than the streptccocci, preumococcl, lactobacllli and

the anacrobic spore formers. renieclllin is added to inhi-
it all of these organisms exceplt the enterococcli and thoe

anaerobic gpore Iorriers, ve the plates are incubated acro-
bieally, only the enterococcil should grow. The formmla for

L7 . ——397 " S o
thls medliam iss
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0.5 %  Dextrose

0.5 %  Tryptone

0.5 % Yeast Extract

0.05% Sodium azide

1.5 %  Agar

525 Oxford units of penicillin per liter.

Sherman, Smiley and Hiven (1343) reported in their
vaper that the cultures of the orpanism that Linden, Turner
and Thom had legolated in 1026 from two sanples of chesse

causing "food poisoning®” were really Streptococcus fecalis,

The original authors had identlfied the organisms as Strep-

tococcus lactls but they are typlecal enterococcl in thelr

rhysiological characteristics and belong to Lancefield's
Group D. Duckbinder, Osler and Stelfen {(1946) have reported
four outbreals of natural food poisoning from canned millk,
Charlotte Russe, barbecued beef and ham bologna, 211 of
which contalined umusually great maumbers of enterocceci., 'The
toxiclty of these cultures was then tested by feeding milk,
custard or egy salad inoculeted with the cultures to human
volunteers. Of the 26 volunteers, 7 showed definite symp-
tomeg of food poisoning while none of the controls fed on un-
inoculated portions of the same foods were i1ll, These itwo
renorts indicate that the enterococcl may have slgnificance

in ocutbreaks of food poisoning.



JETEODS OF IS0LAGION

In order that the cultural charascteristics of the
enterococecl on the White and Sherman (194<4) sodium azide-
penicillin mediuwm might be studied, two cultures of each of
the Tour species of enterococel were cbitalned from Dre. Sher-
man. Fresh 4 hour culfures of each were grown Iin a dextrose-~
tryptone-yeast extract broth and 1 ml., 0.1 ml,, 0,01 ml, and
0,001 ml, amounts inoculated iInto poured plates of the medium,
These plates were Incubated at 27°¢, for 48 hours. Upon ex-

amination i1t was {ound that the Streptococcus durans seemed

to be partially inhibited but that the other three specles
grew very well. These indings were in agreenent with those
of Sherman and ¥hite. Three types of colonies were conmonly
produced -~ a small entire circular surface colony, a pin-
polint fusiform deep colony and a diffuse thin circular colony
between the agar and the glasg of the Petrl dish.

After the typical colony structures of the enterocoeci
on the medlum were known, a number of samples of fresh and
stored raw sewage was plated on the sodium azide-penicillin
medium. Typleal colonles were fished and these upon exam-
ination proved to be enterococci. Samples of raw and pasteur-
ized milk were llkewlisc tested with only enterococcl belng
isolated from the plates.

In order to make certain that the coliform group of

bacteria would not grow on the enterococci medium, four cul-
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tures each of IZscherichia coll and Aercbacter asrogenes were

isolated from the raw sewage and inoculated by poured and
streak plates on the mediw:, There was no esvidence of
growth on any of the pourcd plates and only one streaked

plate of Escherichia coli showed a very scanty growth along

the line of inoculation., This plate had been inoculated very
heavily with a loopful of organisms from a solid mediwm,
Cultures of enterococcl and coliforms were mixed and then
incculated into poured plates of the medium and only enter-
ococcl were found upon examination of the colonles.

Poured plates of parallel incculations were then in-
cubated at 20°C., 37°C., and 459C. It was found at 48 hours
of incubation that the colonies of both the 20°%C, and 45°C.

lates were extremely small and hard to count and that they

ge!

always gave a lower count. Incubation at 37°C. produccad
larser colonies and higher counts,.

At times during the early studles, the colonies of
enterococcl were cxtremely hard to differentiate from small
specks of debris in the agar. It was extremely difficult,
because of specks in the medium, to make counts on the medium
prepared with shredded agar, even after the medium was f1l-
tered through cotton. It was decided therefore, to add an
indicator which would permit the differentiation of colonles
and debris in the medium, Brom thymol blue was tried flrst
and after using several concentrations, 1t was found that
Del ml. of & 1.65 alecoholic solution in 100 ml. of medlum

k]

produced faint yellow colonies on a blulsh=-green baclkground,.



By comparing with contrel plates without the indlecator, 1T
was found that the brom thymol blue had a very slight inhi-
bitory sction. Xoszin ¥ was tried and although it did not

nhibit the number of ceolonies, 0,1 rl. of a C.4, agueous

Jde

solution in 100 ml, of nediws nroduced pink colonles on a

colorless background thet 4id not lacilitate the differentle

ation.

One of the characteristics of the enterocccel 1s thelr
ability to grow in a 0.1% methylene blue solution, so meihyl-
ene blue was tried in the medium., 0.1 ml. of a 1l agueous
solution in 100 ml, of medium (0.001% in final concentration)
did not produce any Inhibition and the cclonles were easily
differentiated from the debrls. The colqnies have a deep
blue center surrounded bty a white zone where the methylene
bhlue 1lg reduced,.

It was found that doubling the amount of penlcillin did
not inhivlt the mumber of colonies, therefore 1t was fclt
advisable to double the amount of penlicillin so as fo in-
ereage the safety factor against penicillin resistant
staphylococel and non-fecal strepteccccil.

his medium, with the modifications mentloned is recom=-
mended as a selectlve plating medium for I1scolation of the
enterecoccl,

A mimber of samples of fresh and sea water were tested
for the presence of enterococcl by thils plating method and
1t was soon evident that when the sample contained one or

two enterococci per ml. or less, the plating technic was not



of much value, For example, a sample containing one enter-
occoccus per ml., 1f olated in 1 ml. amounts should have one
celony per mlate. Actually, however, 1f duplicate plates

woere prepared, one night have two or three cclonles while

&3]
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the second would not have any. This opened twe muesgtion

£

first, can a plate with one or two ceolonies be considers
silgnificant; and secondly, can a plate wilithout any colonies
be consldered as evidence of the absence of enterccoccil?
Doth of these guestions were answered in the negative., A
better method of lsolating the organisms from sawmples con-
taining one or less per ml., would have tc be developed if
tests for these bacterias were to be made practical.

An attempt was made to concentrate the bacterial con-
tent of the sample by passing a given guantlity of the samw
ple throush a Seitz {ilter and then to grind up the fllter
pad in a Imown amount of sterile phosphate buffler solution.
This mixture was then plated on the selective medium, It
was hoped that an accurate quantitative count could be c¢b-
talned by this methoed but actual tests showed too much vari-
ation tc warrent the Inconvenience of the tect.

A second method was to incubote a known emount of the
gample in an enrichment broth and then determine the pre-
sence of the enterococci. A broth was prepared contalning
the dextrose, tryotone, veast extract and sodlum azide in
the same proportions as the plating medium, 10 mll. portions
of this could be inocculated with 1 ml. or less of the sample

without serious dilution of the sodiun azide., It is charac-
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of dextroesc, therefore tie producitilon ol acid, as Iindicated
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the pregence and

oy a dye, might pe used as an index of

f

growtl: of the organisme. Brom thymol blue wag chosen be-
cause its pi range is from 7.0 Lo 9.0,

In order that an iInoculum of 1.0 ml. or morc might be
used, a concentrated brotir containing five vimes the amount
of each Ingredient was prepared and two ml, of this inocu=~
lated with 10 mi., of the sample. In a like mannor, 20 ml.
of the concentrate could be placed in a sterile bottle and
inoculated with 100 ml, of the sample.

Since the enterococcl grow in a medlum adjusted to
pH 2.8, the selectiviity of the medium was enhanced by ad-
Justing the reaction to at least pi 8.0, Blnce the piH would
drop during sterilization, a buller was added to stabllize
the reacilon, but 1t was found that the presence ol a bulfer
Incressed the incubation time necessary for the organisms
to produce sufficlent acid to change the indicator. The re-

sults indicated that if the normal sirength medium wag ad-

>
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justed to pH d.5, with O.1W HNalOi, a drop to pH $.0 = 3.2
could be expected after aultoclaving,., As would be expected,
the change of pH was greater in the sterilization of the
concentrated medium. However, since the Difco Laboratories
have suggested that both the normal strongth and concentirate
be adjusted to pH L.5 so that both may be prepared [rom one
basic medium,

-

An incubation ternperature of 25%C, was chosen to enhance
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the selectlivity of the cnrichment test. The nececssary ine-

cubation tinme was found te be as sghorti asg 7 hours 1n soue

casesg, some tubes showlng the presence of acid and turbi-
ity after that tine., Very seldom woe it found that a tube

with negative reecults after 16 hours would become positive
upon iuvrther incubation., When time i1s an important Ifactor,
as in the analysis of certalin food products, 1t is recom-
rnended that thie tubes be checked periocdlically alfter 38 hours
of incubation. A4 tube failing to show acid arpd turvildity
alter 24 hours usually can be reogarded as negztive,

this medium le similar te thnet of Hajna ane Ferry'ls
S, Fo medlum in that the productiion ci acidd and Lurbldity
is used to indlicate the presence of enterococcl. There are
several differences however, Ihis mediuwm containg yeast
extract in addition to tryptone as a source of nutrient and
growth factors. No buffer ls used, whilch hastens the test
by rot recguiring the prcduction of excessive acid, Erom
thymol Llue with a range of pli 6.0 - 7.8 1s superior to brom
crescl pTurple used in the S. Fo. medium which las a coler
range of pH S.2 - 6.2, These differences eliminate a nusber
of false negatives found when using 3. F. medias, as Jound
by Ostrolenk and [lunter (1u4C) and thils lavoratory.

Thie enyichment medlurm described above can only be eni~
ployed as a presumptive test {or the enterococcl and a cone-
Firmatory medium is essentlal 1f the tests are to be signi-
ficant. To this end it was desirable to develop a sinple,

selective, practical procedure. An agar slant, the lower



half of which Is covered with a broti (Figure 1), vprovides

of coleonies s well as g 1li-
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Gald culiurc. Characteristic growtihs can be observed in a
single tube incculated in one operation. A wagic medium
coan thwen te preparved, uslng 1.3 por cent agar in the slants,
After inoculaticon and ircubatlon, characterlistic colonies
with blue centers appcear on the slant and a dark bLlue sedl-
%
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rient 1s seon in the Lroth. Sodiam zzide is addszd Lo €
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hroth ard arare Sodium chleride (£.55) was at Clrst addsd

to thwe baclce mediwm vut 1t was found that the salt Inhiibi-
ted the colony formation cn the wgar. Thoe salt should be
added only tc uie brotli., It would be desgirable to add perd-
cillin to the Dasic medlum but 1t would be inconvenlient to
ircerporate into the agar medium and as it is felt that auto-
claving night dcgtroy it, 650 Oxford units per liter are
added aseptlcally only tc the broth, She salt and penicillin
become equally disgiributed between the broth and agar bubt in

&

inal tube, since itihwe concentration ol ithe peniclllin ls

&
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eC Lu\r White and Shierron \1-;‘@.‘-:}, L roe-

ctive
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gsulting concentratlion, after eqgqualizatlcn, is still effe
Although tho godiam chlorlde 1s not present im a 6.5 per cent

L)

solutlion, 1t romains In an inhibliory concontration, An ine
cubacion temperature of 37°C. ylelds more ropid end charac-
teristic colony formations, Ifherefore this femperature ig
rocomnendod. A Gram stoiln should be prepareda {rom the broth

culture., As a Tinal test, 5 ml. of a Jj HgOp soluticn mway

be added to the slant-broth preparation to determine the
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production of catalacse,
On the basis of the above, the follewing methods have
been proved most satisfactory for the isolation and identi-

fication of the enterccocci:

A. Direect Flating ilethod

The modldfication of White and Shermant!s sodium azidew
penicillin medium recommnended for isolatlion of the enter-

ococel by direct plating technic has the following com-

position:
Dextrose ) grams
Tryptone {(Bacto) 5 grams
Yeast extract (Bacto) 5 grams
Sodium agide O 4 grams
Methylene blue 0,01 grams
Agar 15 prams
Penicillin 650 Oxford units
Water 1 liter

For convenience, it is recommended that a 1 per cent aqueous
csolution of sodium azide be prepared and then 40 ml., of this
added per liter of medium. A 1 per cent agueous solution of
methylene blue may be prepared and one ml, of this used per

liter of medium. e lngredlents, with the exception of the
penicillin, are put into solution and the pi adjusted to

7.4 = TaB, After being autoclaved at 15 peounde pressure for
15 mimates, the medlum 1s cooled to 45°9C. and the penjicile-

1in added just before the plates are poured. It is conven=



lent to onrepare a sterile distilled water dilution of the
venicillin containing 100 Oxford units per ml, and then add
the proper amount of this dilution to the medlum, The plates
should be incubated at 379C. for 48 - 72 hours,

Plates should be poured with a dilution of the sample
that will result in not less than 10 and not more than 100
colonlies per plate. When more than 100 colonies grow on a
plate, they are extremely small and atypical, All colonies
of enterococci have a blue center with a white edge and may
have any one of the Tour characteristic shapes (Figure 2) =-
{2) Tusiform deey colony, (b) tri&ngular fusiform deen
colony, (c¢) entire ecircular surface colony or (4} filmy dif-
fuse colony lying between the agar and the glass of the dish.,

Since the colonies formed are usually small and deep in
the agar, 1t is suggested that the colony be removed with
one stroke of a needle and transferred to a tube of broth
containing 0.5 per cent dextrose, 0.5 per cent tryvtone and
0.5 per cent yeast extract adjusted to pl 7.4. After 24
hours incubation at 5700., a sediment should appear in the
broth. A Gram stain 1s made from the broth culture. If a
typical sediment is found in the broth, and if large, Gram=
pogitive, oveold coccl in chalns of two to seven cells are
found nmicroscopically, the presence of characteristic strep-
tococel is confirmed.

For complete identification, inoculations may be made
from the broth culture into (a) a sterile tube of tryntone-

glucose-yeast extract broth, incubated at 45°C., (b) a sin-
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ilar tube of broithh to be incubated at 1000., and (¢) a third
tube of the same broth containing 6.5 per cent NaCl for in-
cubation at 37°C., After these inoculations have been made,
5=10 ml, of 5 per cent I 0. is added to the orliginal broth
culture to determine the production of catalase. Typlcal

- 5 s 0 a 3
enterccoceci should grow at %DOC;, at 107C., in the presence

%
.
o

ol per cent ¥NaCl and be catalase negatlve,

In routine worlk, it is felt that the complete ldenti-
fication 1s not neceassary but that the vresence of colonies
on the selectlve plating medium and the characteristic find-

inge of the Gram steln are sufficient,

B, &IEnrichwment and Confirmation Method

The recommended presumptive enrichment medium for the

i1solation of the enterococei has the following composition:

Dextrose 15 grams
Tryptone {(Bacto) 5 groms
Yeast extract (Bacto) 5 grams
Sodlum azide O grams
Brom thymol blue 0,032 grams
wWater 1 liter

For convenience, it is recommended that a 1 per cent aqueous
solution of sodium azlde be prepared and then 40 ml. of this
uged per liter of medium. For the same reason a 1.8 per cent
aleohol solution of brom thymol blue rmay be prepared and 2
ml. of this used in each liter of medium,

The medium is adjusted with sodlum hydroxide to a
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PH 8.5, disvensed in 8 ml, aliquots and autoclaved at 15
pounds pressure for 1L minutes,

The concentrated presunptive enricihment medlum is pre-
rared by using the swme Ingredlents as those of the normal

strength mediuwm, but the concentration of each 1s incrcased

[#1

five fold. The pi is edjusted in the same nmammer and is
dispensed in 12-20 rmm, tubes In 2 ml, aliguots and auto-
claved at 15 pounds pressure for 15 minutes,

To determine only the presence or absence of the enter-
ococecl, 1t 1s recommended that one tube of the concentrated
medium be inoculated with 10 mi. of the sample and that tubes
of the normal strength medium be inoculated with 1 ml, and
0.1l ml, amounts, If a quantitative determination of the
enterococel is desired, it 1s recommended that a series of
three to five tubes be incculated with each of the three de=-
cimal dilutions and thaet the dilutions be made to a degree
where the last seriles will yield negatlive results, These

ubes are then incubated in a water bath at 45°C. and ob-
served periocdically after & hours for thc production of acid
a8 shown by the indicator and for growth as indicated by
turbidity. %he production of acid and turbidity is Inter-
preted as a posltive presumptive test., All positive pre-
sumptives should be further conflrmed.

The confirmation procedure requires the slant-broth
preparation previously described. The slants are prepared

as follows:



Dextrose 5 gramns
Tryptone (Bacto) 5 grawus
Yeast extract (Bacto) 5 orams
Sodium azide 0.4 grams
Methylene blue 0,01 grams
Agar 18 orams
Water 1 liter

The sodium azide is added in the same manner as previously
described and the methylene blue is added by using 1 ml. of
a 1 per cont agueous solution., The nealum lg adjusted with
gsodium hydroxide to pH 8,5, tubed in ¢ ml, allguots, auto-
claved at 15 pounds pressure for 15 minutes and slanted with

long surface slopes,

The broth has the feollowing composition:

Dextrose 5 grams
Tryptone (Bacto) 5 grams
Yeast extract (Bacto) 5 grams
Sodiun azide 0.4 graus
Hethylene blue 0,01 grams
laGl 55 grans
Penicillin 650 Oxferd units
Water 1 liter

All ingredients except the penielllin are put Into solutlon,
adjusted with sodium hydrexide to pH 2,& and autoclaved in

flasks In measured amounts at 15 pounds pressure for 15 nine
utes. After cooling to room temperature, ths proper amount

of a sterile dilution of penicillin 1lg added. ZEnough of
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this broth is then added aseptically to each slant to cover
approximately one hall of the gel surface when the tube 1is
vertlecal,

One loopfull of the positive presumptive broth should
be transferred to the broth and one loopfull to the slsant of
the slant-broth preparation. These tubes are then incubated
at 37°C. and observed after 12-24 hours for pin-point colo-
nies on the slant surface and for growth sediment in the
broth (Figure 2). A Gram stain is made from the broth and,
if desired, 5 ml. of 3 per cent Hy0p may be added to the
slant-broth preparation for a catalase test, FPiln-point colo-
nies on the slant, a growth sediment in the broth, large Gram-
positive ovold streptococci Iin chains of 2-5 cells, and a
negative catalase test 1s iInterpreted as confirmatory evi-
dence for the presence of enterococcl.

If a quantitative estimate is sought and a serles of each
dilution has been inoculated, the kost Probable Humber may be

obtained from Hoskins' Tables (1234),
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At first difficulty may be encountered in interpreting
the production of ascid in the 10 ml., incculum concentrated
presumptive tube but, 1f 1t is observed by reflected light
rather than by transmitted light, little difficulty will be
encountered in clearly dilferentiating positive and negative
tubes.

When the sanmple 1eg of such materlial as crabmeat, oys=-
ters or frogen foods, welighed samples are ground with phos-
phate buffer solution (see section on Vatsrials) in sterile
Waring Blendors for 1 mimite, This mixture is used as the
gource of inoculum. The test materlal sometimes interferes
with the interpretation of the presumptive test, It 1ls re-
cormended that the presunmpitive tubes be inoculated as stated
and after 18-24 hours of incubation at 45°C., and without
attempting to differentiate between positive and negative
tubes, the confirmation slant-broth preparation be inoculated
from each presumptive tube to determine the presence or ab-

sence of esnterococci.



HATERIALS AND MEIHODS

All of the tests for the presence of enterococcl were
carried out by elther the direct plating method or the en-
richment presumptive method., Cclonies from plates were con-
firmed by determining cultural characteristlcs., The positive
presuxipeive tubes of the second method were confirmed by
using the slant-broth tubes. All materials and procedure
for preparation of media were the game as those recommendsd
in the previous section. During the early vart of this
study, these nmedla weres vrepared from the individual ingre-
dients but later dehydrated media obtained through the cour=
tezy of Difco ILaboratories was used. The dehydrated medla
are now available on an experimental basls.

e materials and methods used In the coliform bacteria
tests were those recommended 1in the Blandard Kethods for the
Sxamination of Water and Sewage (1938), l.e., lactose broth
fermentation tubes for ihe presunptive test, conlirmed Ly
colony characteristics on Levine's eosin methiylene blue agzar,
Double strength lactose broth was used when tihe incculum was
greater than 2 ml. For confirmation, the two lactose broth
tubes having the highest dilutlion of inocculum and showlng
gas wore strealed on individual eosin methylene blue agar
plates and observed for colony types alter Incubation at
3700. for 24 hours. In some of the early studies, in add-

ition to the Standard HMethods procedure, poured plates of
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the abdoren was openod and the larre intestine removed, The

&

L

intestlinal content was then ejected 1Inteo the sample botile,

)

Mhe specimons {ram birds were collected as fresh droprings
from undey the pena, Ten grams of the fecal speciren was
then shalen with 20 nl, of buffer solution in & boittls wilh
sterile beads. This emlsion wag then diluted by decima
amounis and inoculated into the proper wmedia, The figh
fecal spoclmwens were obtalned by asepticesally opening the abe
dorman, removing the gut and grinding the whole sut in the
~

Waring Blendor wlth 20 ml, of bulfler solutlon,

5011 samplesg. The soll samples were collicoccted aseptie-

ezlly in gterile, U oz., plags stoppered, wlde mouth bottles.
Ten prig. of the sample was then emulsified by shaking with
20 ml. of buffer solution. Decinmgl diluticons were made and
inoculated lunto proper median.

Seware and Water samuvles, All gewage and water sanmples

were collected in sterile, © om., plass stoppered, wide mouth
bottles, diluted according to Standard iethods and then cule
tured as deseribed anbove,

-

Sludre and Mud samvles. The seware sludpe and mud sayie

ples were collected and prepared for incculatlon in the same
manner ag goll szamples,

Frozen food and Orabtmeat samplee. The {rozen food

paclares were opensed In the laboratory. The crabmeast was

¢ollected in siterile, 5 o0z., plase stoppered, wide moutih
bottles. Ten gums. of elither type of sample was then ground

in the ¥Waring Blendor with 90 ml, of bulfer golution and



Aocimal dilutionz of thie usged as the Incculwm,.

Orester samnles, She standard srocesdure of oysior ex-

ardnation wae used. One hundred gm, of drained oyster meat
was pround in the Waring Slendor with 100 ml, of buffer sol-
ution, Two ml, of this was used as the {lirst lncculum Lo
obbain 1 gnme of oyster, ‘Twenty ml., of the blendor mix Is

then placed in 20 mle. of buffer solution to obltain g 1:10

"ij}

ution, From here, regular dscimal dilutions were made o
cbitain the desglred inoculum,

E]

Yiouth washlines as gamples, For the determination of

b presence of the enteroccoecel in the buccal cavity, 10 ml.
of sterile buffer sgolution was iasken fLrom & test tube Into
the mouth, After swilshing in the wmouth, the soluitlon was

rut into a concentrated enterococel presumptive tube and sule
ficient sterile buffer added to bring the volume teo 10 xd.
This tube was then incubated, observed and confirmed in ihe
usual manner.

Telerance of enterocoecci to skatole and indole. Une

grar, of the skatole or indole was dissolved in 10 ml, of

35 per cent othyl alcohol, Distilled walter was then added
to bring the volwse bto 100 ml, to produce o 1:100 dilution,
Fropver amounts of this dllutlon were then added te sterile
2 per cent pepione water that had been adjusted to i1 Tei.
The vorious dilutions of skaetole or imlcle were inoculated
from broth cultures, 24 hoursg old, by means of a “standard”
4 rin. 100D. dincubation was carried out atb 5790, and the

tubee observed at 24, 48 and 9€ houre for the nresence or



absence of turbldity to determine whether the slkatole or
indeole had exerted a bacteriostatie effect,

43



RESULYS

A. The Coliform Bacteria and Enterococci Content of PFeces,

A study of the coliform bacterla and the enterococci
was made on 63 fecal specimens {rom 9 humans, 18 domestic
aninmals, 12 wild animals, 4 chickens, 14 wild ducks and gulls,
and & flsh. The domestic animal speclmens were cobtained Irom
the University of Maryland farm and the Beltsville Research
Center farm. The wild animal specimens were taken Irom
animals trapped on the Patuxent Wildlilfe Refuge, and the
ducks and gulls were wild birds that were being kept in pens
at the refuge., The flsh were {rom comnerclal catches. All
gamples were obtained as freshly as possible and tests were
made immediately so that any changes 1In the {flore and nolis-
ture content would be lept at a minimum.

The enterococcl content of the fecal material Irom
nammals was determined by the direct plating method, whereas

he dilution method using the enrichment broth was used in
testing bird and fish feces. All results were expressed as
the number of bacteria per gram of feces. A summary of the
results is given in Table III. With one exception, entero-
cocel and coliform bacteria were present in the intestinal
tracts of all warm blooded animals and humans tested. The
exception wags one of the three speclimens from rmuskrats which
contained no enterococel and a relatively few coliform bact-

cris.
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In most cases the enterococcl are outnumbersd by the
coliform orpanisms by a ratio varying from 1:10 to 1:100.
The average enterococel count is greater than the average
eoliforrm bacteria count in the specimens from pull, duacks
and sqgulrrel wvhere the enterococcli-coliform ratios are
50031, €31 and 2:1 respectlvely. In the pull, this inding
might be expected because of the high acld condition of the
digestive eystem, the enterococcl belng more resistant to
such conditions, The 6:11 rotlo of the duck specirens 1ls not
gignificant because threec of the elght Juck specimens tested
contained more coliform than enterococcil., The largoest mum-
ber of enterccoccl encountered wag from the duck specimens,
being 88,700,000 per groum. The lowest enterococcel count en-
countered was that of cow feces, being 5,600 per gram. In
general 1t was found that the bacterlal counts were higher
for those animals which void the feces as small dehydrated
pellets and lower for those whose excreta are of a loose,
rmoist nature. The intestinal contents of six fish of three
different speocies contained no enterococcl or coliform bact-
eria,

B. Coliform Bacterlia and Enteroccoccl Content of Seware,

Water and Soil,.

Table IV showsg the relative content of enterococcl and
coliform bacteria obtained from sewape, water and soll.
Pecal specimens from 29 humans yielded average counis per

gram of 140,000 enterococci and 11,000,000 coliform bacteria

with Escherichia type predoninating in the latter group.




CRLIFMRE B HTLRT OF
Enterococel Colifora
Source L. H, per gm{ Method 1iLi.h. per gm. %ﬁ?
Human feces (9) 140,000 Flate 11,000,000 Esch,
Haw sevage (18) 2,070 " 568,000 Egch.
Raw gewsre July-3ept. (9] 10,500 " 650,000 fisth,
Raw sewage Oct.-Dec, (9) 6, LO0 " (94,000 Lsch,
#iea weter polluted (35) 2,470 " 240 aero,
Mm& water pollated (25) 17 Enri ehment 165 Esech. & sero,
Ses water non-polluted o) 3
Sewage sludge {gl L50 Flate Th %F‘:arzh, & Aaro,
Sewaye sludge # 2 13,000 " 1,330 Esch,
Fresh water polluted (1i) 1 Timia!mmt 11 Each.
Freah water non-polluted 4] u 8]
Polluted river wuter (&) 3 W 24 saro,
304l river edgs (6] G 3 " 2.3 ARTO,
‘“;gil eunltivated (4) 2ok ® 0 ABYO,
soil virgin (12) 0 o

E:3
wn Sumples of ses water collscted wherse human feces enters water,

pne CAmples of ses water collected at least 50 yds. off shore,
. Samples collected from field fertilized with cow manurs 3 mo, previously.

# Colony type observed on eosin methylene blue agar.

He o H, == lost Probable Humber.

Zsch, -~ Tacherichia.

lexro, -~ asrobacter.



Raw sewage collected Ifrom bthe Greenbelt, HMaryland treatment

plant, contalned an average of 8070 enterccoeccl and 568,000

Lo

=

coliform bacteria per ml., The population of this srall con-
munity 1s unusually siable. These samples, collscted over a
period from July to January, show that during the warner
meonthes both pgroups of bvacteris are nmore abundant. The aver-
age count wper ml, for the months of July, August and Sept-
smber was 10,500 enterccoccil and 650,000 coliform bacteria.
The average Tor the October, lovember wnd December period
was 6,400 enterococcl and 494,000 coliform bacteria,

Two samples of sewage sludge were examined, the [first
from a large disposal plant in Rochester, Hew York where the
sludge from the Imhoffl tanks 1is drawn ofl once every three
months, and the other from a small plant In Cawbridge, Mary-
land where the sludge from the sedimentation tank is drawn
off daily. Both of these sludges were being dried and used
for farm fertilizer. The average enterococcil and coliform
bacteria counts per gram were 450 and 74 for the [{irst sludge,
and 13,000 and 1350 for the second sludge,

Of a large number of sea water gamples tested, a few
tvpical samples have been selected to demonsgtrate the ratio
between the enterococcl and coliform bacteria., AT a point
where raw, untreated domestic sewage was being dumped into a
small cove of the Little Amnemessex Rlver of Somerset county,
Maryland, at the rate of 150 gallons per day, the entero-
coccl outnumbered the coliform group 10 to 1. The respectlve

average counts per ml, were 2470 and £40. At this point



49

there was a predominance of the Aerobacter type., Several of
the negative lactose presumptive iubes contained a blue-gsreen

pirment characteriestic of members of the genus Pseudomonas.

The bacteriological results of £0 sea water samples,

all of which contained both groups of fecal bacteria, were
averaged to obtaln the enterococci-celiforn bacteria ratio

in polluted waters. All of these samples were collected 2t
stations at least 50 yds. from shore., Sone of the samples
were grossly polluted while others contained minimum numbers
of bacteria. The average enterococci ccunts for these sam-
ples was 17 per ml. as compared to the avernge coliform count

of 1l€5 per mles, a ratlo of 1 to 10. Eoth Escherichia and

Aerobacler types were found., There were many cases where tuthe

waters further off shore gave no evidence of either entero-
coccl or coliform organisms and this was taken as o definite
indlecation of no polluticn,

In studies of fresh water, 14 samples which prave evi-
dence of both enterococel and coliform bacteria contalned an
average of one enterococcus and 1l coliform bacterla per ml,,
a ratio of 1 to 10, Many fresh waters pgave no evidence of
either group of bacteria. The Patuxent Hiver, at the Fa-
tuxent Wildlife Refuge, HMaryland, known to be polluted, con-
tained an average of 3 enterococci and 24 coliform bacteria
per ml., a ratio of 1 to &,

S0ll samples collected from the banks of the Patuxent
River and from flields that are often flooded by the river

contained both gsroups of bacteria in the usual 1 to 10 ratlio.
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Several sanples of soll talien from a corn {ield of the

2 A

Beltsville Hesearch Center, which had been fertilized with

P

cow manure about & months previocusly, yielded enterococcl

but no coliform bacteria. Twelve grasples oi goil taten from

wooeds known to have had no cultivation or fertilization for

!-Jc

3t least 50 years pave no evidence ol cithier groups of fecal

bocteria,.

-

C. Survival of Fecal Orpanisms in Sewape Stored at 5°C.
e

Sanples of sewage were collected periodically from the

n

Greenbelt, laryland sewage treatment plant anid stored in

stoppered bottles 1n the refrigerator at 5°C. Enterococcil
plate counts, with coniirmation, and coliform bacteria counts
by the stondard method, using eosin methylicne blue conliyrii=
aticn, werec mnade at intervals of from one ito two weclig, The
ts are shown 1In Tables V anl VI. The average entero-
coceci count of I'resh sewapge samsleg ltalen over the coix months
perliod was &,070 per ml., as compared to an average coliform
bacterla count of 562,000 per ml, Both groups of bacteria
were more abundont during the surmer months than during the
winter. Greenbelt is a community with an unusually stable
porvulation., In addition, a minimum of storm water is allow=-
ed to enter the sewer system. As a result there are only
s1lisht fluctuations in the volume of sewage and the data on
the bacterial counts probabliy represents intrinsic variation
in tre in tinal [lora.

After 5 or 4 weelig of storagse atl O G., tlre entcrococcl

Y

and coliform bacteria numbers both had dropned to 10 per
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cent of the original mambers, The average time regulred for
2 10 per cent survival was 3: weels for both orpanisms,
The enterococci count deereassel to 5 per ml. or less

within 10 weeks on the average; the coliform count decreased

to 10 per ml. or less in weeks, [I[hroughout the o « 10

weelr pericd, the roeduction in numbers of ¢ach of the organ-

et

sue corresponds rather closely, However, beyond this point,

i

ot

he enterococcl seem to disappear almost entirely by the 1dth,
week, whereas the colliform group survive in svall numbers for

the entire period of storage (27 weclks) {sec Tavle VI

D, dolerance of Enterccoccl to Skatele and Indole.

he tolerance of the enterococcl to the intestinal pro-
teln putrelactive substances, indole and skatocle, wag deter-
mined by observing the ablility of the organlsm to grow in
varying concentrations of these substances., 8Slxteen cultures
of enterococci were used in 2ll, four of each of the four
gspeclies, A series ol three tubes of each concentration were
incculated with each culture. “he resulits cobtained with the
varicus specles in indole are given in Table VII. A1l grew
in a concentration of 1:353500 and all eXcept one sg8tralin ocach

of Streptococecus lrecalls and Sirevtococcus durans giew in

1:3000. The data further sghow that 12 of the 15 strains grew
very well in the 1:2000 concentration while only two strains
grew in the 1:2000,

Table VIII piveg the results obtalned using varying

concentraticns of skatole., All four strains of Sitrepltococcus

L}

ecalis were able to grow in a 1:5000 concentration., Host




TOLTHANCE OF E

TaBLE VII

BROCOCCI TO INDOLE

[
i

Concentration of Indole

Species Strain Number of tubes with growth

1 1 1 1 1 1 1

1000 1500 2000 2300 3000 3500 4000

8. fecalis 1 o v] o 3 3 3 3
" n 2 0 o 0 3 3 3 3
" " 3 0 0 0 3 2 3 3
" " ' 0 0 0 1 e 3 3
S. durans 1 c 0 0 3 3 3 3
» " 2 0 0 1 3 3 3 3
" " 3 0 0 o 0 0 3 3
n n 4 0 0 0 1l 3 3 3
8. licuefaciens 1 0 0 3 3 3 3 3
" “ 2 o 0 0 3 3 3 3
ol n 3 0 0 o] 3 3 3 3
n " 4 0 0 0 0 3 3 3
" 8. zymogenes 1 ©c o o 3 3 3 3
" " 2 o ¢) o 3 3 3 3
" a 3 0 8] 0 3 3 3 3
" " I 0 o 0 3 3 3 3




TABLE VIII

TCLERANCE OF ENTZROCOCCI TO SKLTOLE

Concantration of Skatole

Species Strain Number of tubes with growth
S, fecalis 1 o 0 0 0 3 3 3
" " 2 0 0 0 0 3 3 3
" " 3 0 0 0 1 3 3 3
" " L 0 0 0 0 3 3 3
S. dursns 1 0 0 0 1 3 3 3
" " 2 0 0 0 3 3 3 3
" " 3 0 0 0 3 3 3 3
" " 4 0 0 e 3 3 3 3
S. liguefsciens | 1 0 0 0 1 3 3 3
" " 2 0 0 0 2 3 3 3
" " 3 0 0 1 3 3 3 3
" " LY o 0 3 3 3 3 3
8. zruogenes 1 0 0 0 3 3 3 3
" " 2 o 0 2 3 3 3 3
" " 3 0 0 3 3 3 3 3
" 1 L 0 0 3 3 3 3 3




straine of the other swecles grew well in a 112500 con-

centration. Ihree of the {our Streptococeug ZyroZEenes

strains were able to grow In a 1:2000 conecentration,

E. Interoccecl~Colilform Bacteria Survey of a Polluted Cove

in Chesgopeake Bay.

The results of a survey to deteirmine the enterococcl and
coliforym content of the watbters of a known pclluted sea waler
cove are siven in Fipure J. At each sampling station three
values sre gliven repregenting, (1) the entsrococel plate
count, {(2) the coliform bacterla presumptlve tube lost Fro-
bable Number and (3) the brilliant green lactose bile agar
plate count, At point A, raw humen excrement was belng dump-
ed from a2 wagon at the rate of 150 gallonsg of drained fecol
material per dey. An abundance of algae wes growing 1In the
water at this polint., The temperature of the water was 10°¢,
and the tlde was flowing to the south.

Megure & revesls several Interesting facts. The coli-
form bacterla counts are extremely lov, even at the polnt
where raw sewvage 1s introduced, At thils peoint the lost Pro=-
babtle liumber of colil Iforw bacteria was 48 per rl, while 100

faet from this point 1t had dininlished

1
o
o
Im‘

averape wost
Provanle Tumber of less than 1 ver ml. In contrast, tie
enterococcl avueared In greater nurbers at neariy cvery sta-
tion, being 20 times nmore abundant at the point of pollution
and aporoxirwtely 10 times more abundant at nost other sta-
ticns. At point A, the enterccoccli count was 1030 per ml.

Both counte were relatively large near the crab and oysier
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houses at the north end of the cove, indicating a second
source of polluticn which was verified by sanltary survey.
The brilliant green lactose blle agar plate counts were
conspicuously high, 1In most cases being larger than the con-
bined count of the other two tests. Trossible reasouns for
this were the fallure of the collform bacteria to produce
gag In lactose broth and the ability of the enterococcl to

produce typlcal ksgcherichia-Asrobacter~like coclonies on brile-

liant green lactose blle agar, Because of the latter possi-
bility, six plates of B.G.L. B, agar were poured using as an
inoculum in each, a 1 ml, allquot taken from a tube of entero-
coccl presumptive medium known to contaln enterococci. Coli-
form bacteria type were isolated and streasized on the enteroccocci
plating medium. These cultures were then confirmed, The re=
sults are shown In Table IX, 8ix colonies were selected from
each B.G.L.B. agar plate. A total of 26 of the 38 isoclates

grew on the enteroccocci medium, all of which were confirmecd

ag typicol enterococcl,

¥, Bacteriolorical Survey of Little Arnemessex Rivor.

Twelve sarpling statlons were set up in the Little
Arnmeriescex River at Crisfleld, Maryland., These stations are
shown on Flgure 4, The polnt marked as station Fo. 1 was
originally the end of the river but a channel six feet deep
and approximately 25 ft. wlde has been dug from this point
to the Great Annemessex River, The tides now flow through
this channel producling a flushing action that did not exist

before, The stations are in mid-charnel, approximately one=-



TABLE IX

GROWTH OF ENTEROCOCCI ON BRILLIANT GREEH
LACTOSE BILE AGAR®

Colonies en Colonies | Isolates growing Confirmed
B.G.L.B. agar | Isolated on Enterococel as Enterococci
Mediom

840 ) 6 6

6 6 2 2

6 6 0 ¥

120 6 5 6

19 ) 6 6

68 b 6 €
Total 36 26 26

# Pormula in Appendix A.
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alf mile avart. 8Station Ho. 12 is alt the mouth of the river
ag it enters Chesapenlle Bav.

3
One zample of the surface water and one sampls of the
water from the bottom, taken with the bottom sanpler desg-
cribed in Apvendizx B, were collected alt each station. This
wa.s repeated four Times at intervals of & hours so that one
complete get of samples was taten at mean flood tide, {lood
tide, mean ebb tide and ebb tide. The presence of entero-
coccl was determined by the enrichmeni-confirmation method
and the presence of coliform bacteris by the usual methods,
The bacteriological results obtained under these four
tide conditions are given in Table X. The dats show a marke
ed shift of the fecal bacterla with the tides, This is es-

peclially true of the surface samples. As the tide comes 1in,

the enterococcl and coliform bacteria sre carried baclk into

o

the river and iIn turn are carrisd out with the tide. The
bacterial content of the bottom water shifts more slowly
than that of the surface., Observatlong of Table X will show
tiwat the bottom waler samples taken f{rom stations 5, 6, and
7, which are dirsctly off-shore from the industriszl sectlon
of the city, show the pregsnce of enterccecci and coliform
bacteria under most of the tide conditions, This is parti-
cularly true of the enterococci. A sanitary survey has
shown many sources of pollution in thils sectionm of the water
front. It will also be noted that the ghift of polliution,
ags Indicated by the gurface waters, 1s from stations 2, 35,

and 4 tc stations ¢ arnd 10, The reglon of constant fecal



T4BLE X
BACTERIOLOGICAL SURVEY OF LITTLE ANNEMESSEX RIVER

Station Surface Water Bottom Water
Enterococel Coliform Enterococci Coliform
presence presence tLype® | presence pregence  type¥®
Mean Flood Tide, Oct. 24, 1946, 7-9 AH,
1 - P A - P A
2 - - - P A
3 P P E & A - P A
A P P Z& A P P B
5 P P E & A P P A
6 - P E P P E
8 - - P P BE & A
9 - - - P -\
10 - - - -
11 - - - -
12 - - - -
Flood Tide, Oct. 24, 1946, 10-12 i. M.
1 - P A P P B
2 P P E P P A
3 P P E - -
4 P - P P B
5 - - P P A
6 - - P P E
7 - - | -
& - - - -
9 - - - -
10 - - - -
11 - - - -
1z - - - -
Mean Ebb Tide, Oct, 24, 1946, 2-3 P,i,
1 - - P P E
2 - - P P B
3 - - - P E
h - - P -
5 P P E P P A
6 P P E P P E&A
7 - P A P P E
9 - - - -
10 - - - -
11 - - - -
12 - - - -




TABLE X {continued)

BACTERIOLOGICAL SURVEY OF LITTLE ANNEMESSEX RIVER

Surface Water Bottom Water
Station |Enterococci Coliform Enterococei Coliform
presence presence type¥ | presence presence  Lypex |
Ebb Tide, Oct. 24, 1947, 5-7 P.M,
1 - - - P A
2 P P E&A - P A
3 - P . B - P E
4 - - - -
5 - - - P A
6 - - - -
7 - - P P A
8 P - P P E &
9 P P E&A P -
10 P P E&A P P E
11 - - - -
12 - - - -
% Colony type on eosin methylene blue agar
- Organism not present
P Organism present
E Escherichia
A Aerobacter

S
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flora 1n the bottom waters lays between thiese two extrenes.

3,

Ge. Dactericlecical Survey of Presh Waters of Chatauqua

An enbtorococci and coliform bacteria analysis was nade

wavers of Lake wrie and fcour streans in Chalauqua

"N

oL

MJ
y-'

+

County, M. ¥, 4 map of the samuling stavions 1is glven in
Figure 5. HMost rrobatle Tuambers por mls. of enteroceocel and
collform bacteria were determined, Coniirmation ol each was

tologzical results

]
e

carrisd out in the uvsual manncsr, he bacle
are glven 1In Table Xl

Fractically all of these walers contalilined bobi: entero=-
coccl and coliform bacbteria, althcough these streams {low
throush couniry where very few huran dwellinges are Iound,
the bactericlosical results were confirmed when a sanitary
survey showsd that one stream pascsed through a pipg farm and
tha other three throusrh cattle pasture lands wiere Tecal
material woasg much in evidence., It is of interest that of
the three reservoirs, each fed by one of these stremms and
used as storage reservolrs for the Vestlleld, N. Y. water
system, two {(szamules 16 and 2¢) wero free of fecal organisnus

while the third (scsrple 24) containsd on Acrobacter type of

scolilform and no enterococci, Hore vegetation was observed

in the loet reservoir.

-

He An analysls of the Ocourrence oi tnterccocci With Lsch-

erichia ani Aerobscter in Variocus Water Samules,
L e

he presence of the enterococei and the Bscherichlia-

Aserohacter group have been determined in 220 samples of
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DIAGRAMATIC UAP OF FRESH HATER SAMPLING
STATIONS OF CHATAIXJUA COUNTT, N. T.
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TABLE XTI
MEWEY OF TRECH VATHRD OF ONTARE CADTY, He Y.
Colirorm Interoccocd

Souree iz Tyoe® YigTell
walker Ureel 1 Esah Hed
Haiker Ureel il Lach <A 2
Talker Croelk Le4 Haok D.2
Halker Crook 4.8 Eseh AR 3
Yuiker Creek il Esoh Led
“alisy Creak i3 HBYO 2.4
Yulker Lreek 24 AT ¥
Corrslli Creek 33 ¥ 2ol
Gorrelll Creek .9 Xaeh 0
frooton (reek b5 1 Epoh £a%
Brooton Cyeek 2.4 BP0 o
Lrpoton Oroek 31 ABTO 4]
“rooson Croek i1 Yaeh et
Broeton {{reek 4.6 Kaoh Q.2
Prooton (roek 4.8 BY 5] 2o&
iracton Resorvolr 4] o
YeutTiald Creak i1 ABT Tk
Taatfield Creek i1 EZsch 3
Yaztflold Orselk 1.8 Lash 2eh
Fe Tautfield Creok X Xneh L4
He Youtfieold Creak il Ssch L4
Hegervolr o 4 G
e HYoctfield Ureek i1 Zsah D8
Ve “astfield Cresk i1 LOP0 ¢
¥e gatTield Ureek i} Fseh 2otk
Re Fostfield Creek 1l AETO U8
e Yastfield Orvesl il SO B4
¥y Tastfield Creek 1 ABTO R
He Yoatfinld {reelk 1l SERD 2.4
luke Frie 0.7 Eoeh QR
lake Yrie S.4 fsoh LY
Leka Crie 2ok ¥seh 24
Jake Yrie 4.8 SO Dl
iLake Trie 4.6 Losh {2
Lake ¥rie 406 BTO Reé
Lake “rie 4] 4]
Tap water o 0
Tap water O 4]

- Smimy tyve on eosin methylane biue apar

b [ “.’Q,' o
Kpabh

mm "wmma Hhirbhers
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rembar of the colliforn sroup anda in turn tihe mutbo

the ccliform group was found

toth menbers of the collform
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proun were progent, 1t was censidered thet tlwe Eschearichla

wrg the rosgt sirnmificant and the fsrobacter was therefore dis-

Tt

rerarded, The resulte of this analysis is siven in Tatle XII.
e ecnvichnent-confirmation teci weos used Tor the sunterococecl

and the usucl sbandard meihod procedure Jor the coliflorn
where the woter was usgually sbout 18 ineches deep. LHipnty=
stations at leact 8 feet {from shiore and &2 were Luien from
the mud from statlione atitleéast 50 feet from —
shore. Forty-four fresh water samples were tested, 3u from

the Chatauqua county survey and gix from sourcec near College

Of nll senples, 28 per cent contained both Escherichia

tyre of colilfcrm bacterlia and enterccccel, =0 per cent cone-

tained Aerobacter and enterocccci, and =8 per cent contalned

neither of the fecal grours. There was agreement belween

the enterococci and coliform bacteria in 7C per cent ol the



OCCURRENCE OF ENTEROCOCCI VITH
AND AEXROBACTER 1IN VARICGUS WATERS

ABLE XIX

ESCHERICHIA

Sea Water Sample : Freah
Enterccocci Coliform 80 ft.off shore | Water
Qoeurrence | Occurrence |Type¥ |Shore[Surface [Bottom | Semple|Total| %
Present Present Eseh i 16 12 20 63 28
Present Present |Aero | 17 14 4 10 |45 | 20
Absent Absent 6 32 18 v 63 28
Absent Present Rach 2 6 3 2 13 8
Absent Present Aexo 6 16 7 B 34 15
Present Absent 1l 3 4 0 8 4
Total 47 87 48 44 [226 100
#* Colony sype on eosin methylene blue agar.
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ntitative snterococel and coliiorm bacteris count

£ 32 cormmorcially packed Trozen foods, 24 gamples

e

conzisted of 6 Irozen ({rulits, 12 Irozen vegetavles, 1 Iro-
sen homburger, and 12 frozen ses foods, fhe resulis ob-

'3

feoy 1 oy e oy Ty M1 g *
taired ore showvn In Teable XIIT

Mine sgamples of the {rozen Tocde {(rasyberry, o plum,
wirzxed vepetableg, £ cauliflower, brusselsg syrouts, cocked
cofteghell crob, and cooked shrimp crecle) gave negative ree-

gults for both grecups of bacieriz. Five

gses focds, gave positive toste for both Zscherichig and

enterccocel, vhile & frozen vegetables ylelded botl: Aercbace
ter rembers and enterccccel, The hamburger sanple contaln-

ed hLecherichla wilth no enterocceci, Three frozen vegevables

contained Acrcobaocter vwith no enterococci, The most proninent

rrouy conglsgted of 11 samples which contalned entercecoccl and



TABLE XIII

ENTEROCOCCI AND COLIFORM BACTHRIA IN FROZEN FOODS

Cooked shrimp creole

Coliform bacteria Enterococci
Source M.P.N. / gm. Type* M.P.N, / gm.

Mixed fruit coektail 11 Aero, 0
Sliced strawberry 0 0.2
Black raspberry (2) 0 o]
Plum (2) o] 0
Broccoli 0 204
Mixed vegetables 1.6 Aero, 0
Mixed vegetables 0 0
Succotash 11 Asero, 0
Cut corn (2) 0 0.1
Pea O.4 Aero, 2y
Spinach (2) 0.3 Aero, 0.9
French green bean o 0.1
Cauliflower (2) 0 0
Brussel sprout 0 0
Hamburger 11 Esch, 0
Fried scallop 1.5 Esch., 2.4
Cooked soft shell crab 0 0
Deviled crab 0 2ely
Cooked peeled shrimp 0 0.2
Oyster ( 2) 0 2.4
Oyster newburg 0 2eky
Scallops (2) 4.6 Esch. 2.4
Clam (quohog) (2) 0.9 Esch. 2.4

O 0

0 2.k

Cod fish cske

# Colony type on eosin methylene blue agar.

Esch, - Escherichia

Aero, - Aerobacter

M.P.N, - Most Probable Numbers




no coliform bacteria, Ail types of frozen food were repre-
gented In this last group.

Of the 24 oyster spanples, 20 were meat and liquor mix-
tures and 4 were liguors. The results of these fests are
shown in Table XIV.

Six oyster-meat samples gave negative results for the
coliform group. Elght produced Host Probable Kumboers be-
tween 30 aﬁﬁ 160 per B0 grams and 6 produced HMost Prebable

Yunmbers greater than 1100 per S0 grams, Escherichis-coli

wag the predominant type of coliform found, All samples con-~

tained 240 or more emterococcl per 50 grams., All of the li-

guor E@*pla» yielded ni zh counhs.of coliform baciteria as
well as emterocacc¢g -

| Bight Of the erabmeat sam@las, ™ble XV, cantained no

"*califcrm baaﬁeria while: thé remaining twwnty*four contalined

betweon ul and 100 per gram, Escherichia and Asrobacter

members were fqund in‘1$*aﬁd ilwagmplas, reapectively.
Only two samples g&vé nagﬁti?ef#ﬁéulta’far enteracocai, one
of which was also negative for coliform orgaﬁisms and the
other containing 210 Aerobacter per gram. All the remaining
30 mamples conteined antarscocci with Most Probabls Humbers
between 23 and 240 per granm.

An anslysis, similar to that on water sumples (section H)

of ths occurrencs of enterccocci with Lscherichia and Acro-

bacter, is prezented in Table XVI, In zll, 28 samples of
food were tested. Both groups of organisms were present in

58 per cent of the samples and both were absgent in 11 per



TABLE XIV

ENTEROCOCCI AND COLIFORM BACTERIA CONTERT

OF FRESHLY SHUCKED OYSTERS

Sample Coliform bacteria Enterococei
No. M.P.N. / 50 gm. | Type¥* M,P.N. / 50 gm.
1 1100 Esch. 240
2 1100 Aero, 240
3 0 240
L 0 24O
5 0 240
6 4] 210
7 50 Esch. 240
8 o 240
9 50 Esch. 240
10 1100 Esch. 240
11 1100 Esch. 240
12 120 Esch. 210
13 120 Esch, 240
14 120 Aero. 240
15 120 Esch, 240
16 1100 Esch. 240
17 0 240
18 1100 Aero, 240
19 30 Esach, 240
20 160 Aero. 240
w21 1100 Aero. 240
W2 1100 Aero. 240
#5273 1100 Bsch, 240
#R2L 240 Aero. 240

# Colony type on eosin methylene blue agar.

#* Oyster liquor only.

Esch, - Escherichia

Aero, - Aerobacter

H.P ., ~ Host Probable Numbers

T4



TABLE XV

ENTitROCOCCI AND COLIFORM BACTHERIA CONTENT OF CRABMEAT

Sample Coliform bacteria Enterococci
No. M.P.N., / gm. Type¥® M.P.N. / gm.
1l 93 Esch. 240
2 36 Esch, 240
3 L60 Aero, 240
L 0 240
5 120 Aero, 240
6 93 Aero, 240
7 240 Esch, 240
8 450 Esch. 240
9 93 dero. 240
10 93 Aero, 240
11 36 Esch, 240
12 36 Esch, 23
13 3l Aero. 23
11& 36 Aero, 2w
15 0 240
16 o 250
17 210 Aero, 0
18 24,0 Esch, 250
19 36 Aero, 240
20 o] 240
21 36 Esch., 240
22 36 Esch, 240
23 1100 Esch, 240
2 0 . 250
25 93 Aero, 23
26 120 Esch. 240
27 0 0
28 913 Each, 23
29 120 Aero, 240
30 36 Esch, 2
31 0 240
32 0 23

# Colony type on eosin methylene blue agar.

Esch. ~ BEscherichia
Aero, ~ Aerobacter
HoPoeN. ~ Kost Probable iumbers

75



OCCURRENCE OF BNTEROCOCCI #ITH ESCHI

TABLE XVI

LICHIA AND

76

AEROBACTER IN SEAFOOD AND FROZEN FOOD
Enterococei | Coliform bacteria Seafood Frozen
QOceurrence Occurrence | Type¥* | Oyster | Crabmeat Food Total | %
Present Present | Esch. 11 13 5 29 33
Present Present |[ Aero, 7 10 3 20 23
Absent Absent 0 1 9 10 11
Absent Present | Esch. o 0 1 1 1
Absent Present | Aero, 0 1 3 4 5
Present Absent 6 7 11 24 27
Total 24 32 32 88 (100

# Colony type on eosin methylene blue agar,
Esch, = Escherichia
Aero, - hserobacter



77

cent, so that the two tests agres in €7 per cent of the

amples, In only one case was Escherlichla present when the

enterococcli were absent and in 4 cases, Aercbacter vresent

and enterococcl absent., 1In 27 per cent of the samsles,
enberococel wore vresent whlle no colifcr bacteris were
detechted,

J. FPrevalence of Enterococci in the Oral Cavity.

Sterile phosvhate buffor solution (Sse Materials aond
HMethods) mouth washings of 107 individuanls were tested by
the enrichment-confirmatory method for the presence of en-
terococels The washlings from only two individuals gave
vogitlive results. IFresh sanxples of these two individuals
were recultured agaln Tlve days later and negative resultis
were obtained,

Ke Specifliclty of Enterococel mnrichraent-conllrmation Hethod,

The specilicity of the enterococci enrichment-conlirme
atlon test was checked by determining the cultural chare-
acteristice of 156 cultures which had given confirmed nog-
itive tests, The characteristics checlied were morpiology,

4

Grarm staln reaction, growth at 10°c, and 4506., growth in

p

45 per cent HaCl and catalase production.
The results were: 148 or 95 per cent, gove typical
enterococci reactlions; 4 or 2o per cent would not grow at
-0 o ) o P
457Ca3 2 or 1y per cent would not grow at 107C., nor in 6.5
per cent sodium chloride; and 2 or 1& ner cent, would not
-

fnd g 0 o 3 . -
grow at 45°C., 10°CG., nor in 6.5 per cent sodium chloride.

All cultuses gave characteristlic morphology and Gram reaction,
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as well as beling catalase nepative, lThoce falling to zrow

2

5 : % T T T o - S -
at 45°C, would still be concidersd as entsrococci, there-

%

£ PN I —— - B e kI J. Fad L% §e a3 Y ¥ ¥ 1 S - 3y e
fore the svecilicily of the test would e 7. _er cont.

e

crliclerical Survey of Sea Walers of lit. Hope DBay, He L.

t

A bacterlological survey was carried out on the Rhode
Island waters of Mt. iHope Bay. The 24 sampling stations se-
lected weres dlstributed as evenly as possible over the area
and were marked elither by anchor buoys or by drawing lines
between prominent land marks on shore, ‘The northern part of
this area ends in a closed tide-water bay with several towns
along the shore, There are two outlets at the south end =-
one into lHarragsnsett Bay and the other into Salkomnnet Hiver,
both in turn opening into the oecean.,

At each station, two ganmples were collected, one of gure
fece water and the other of bottom water, collescled with the
bottom sempling device described in Aprendix B, Hachi com-
plete set of samples was collected In as short a period as
possible (approximately 2 hrs.) so that the tide condition
would not very between the first and last statlon any more
than necessary. Four such complete gets were collected, two
at mean ebb tide, cone at full ebb tide and one at mean {locd
tide., Using the mud dredge described in Asppendix B, mud sam-
ples were collected at 12 of the stations at the same time

that the second and third set of water samples were being

token, All water and nmed

M

gamples were examined using the
enrishment-confirmuation methed {for enteroccccl and

tandard mebhods for coliform bacterlia with confirmatlion on

4]



eosin methylone blue apar, The resulic wre glven In Yable

XVII.

In order to pregent the regults gravhlically, a map has
& & J 9

oy
4]

en rremwared for each of the four sets of data witi: a syuare
representins each statlen. The bacteriological findings are
indicated by the same method as is used with the water sam-
wles,.

Flrure © represents ithe flrst set of samples talen at
mean ebb tide with a calm seca, an average water ltemperalture
of 8°9C, and an air temperasture of 8°C. The data on stabions

2y T, 8, and 17 indicate the presencs of both groups ol or=

"

sanisme in surface and bobttom waters, Hleven stationg, ovens

ited over the area, all showed evidences of pol-

bt
o
‘;:’4
[
{n
o
]
Pte

lution, The overall picture Indicates that the ares was
poelluted,

Firure 7 represents the sccond set of samples itaien at
mean ebb tlde with a calm sca, an average water temperature
of 7°C¢. and an ailr temperature of 12°C, lone of the sguares
are completely black, nelther are any completely clear, Lhne-
terococci were present at only 6 scattered stations, once in
surface water, once in bottom water and 4 tines in rud.
Coliform bacteris were present in bollhh the suriace and bottom
water of nearly all stations except the two most socutherly

in the Sakomnet River, O0Of the 45 walters containing coliform

orpanismus, only one surface sample contalned Aerobacier alcone.

All of the other 44 contained Sscherichia alone or with Aero=-




TABLE XVIIX

“NTEROCOCCI AND COLIFORM BACTERIA IN THE WATERS
OF MT. HOPL DAY, R. I.

#ean BEbb Tide

79

Surface water

Bottom water

Station | Coliform bacteria |Enterococci Coliform bacteria |Enterococci
No. ¥.P.N, /100 |Type* [¥.P.N. /100 | M.P.N. /100 | Type* |[M.P.N. /100
1 150 E.&A, o 93 E. 0
2 93 E.&A, 23 240 F.&A, 240
3 93 BE.&A, 0 240 E.&A, 0
4 0 0 23 E. 0
5 150 h.&A, 240 150 B 0
6 150 B &4, 240 4L60O fe 0
7 75 A, 240 93 Bkl 9
8 93 E.&A. 240 93 DA 240
9 4,60 B84, 0 93 E.&A, 9
10 93 A, 23 L3 Tie&h, o
11 93 Ao 0 93 E.&A, 0
12 93 E. &4, 23 93 L.&A, 0
13 240 B.&A, 0 240 E.&h, 0
14 L6O E.&A, 240 93 Rl &4, o)
15 460 E.&4, 0 24L0 B.&4, 9
16 1100 B.&A, o 75 E.&A. 23
17 1000 E.&A. 240 93 | G.&A. 23
18 460 E. 0 43 E.&4. 0
19 310 A, ¢ 240 be 0
20 L3 E.&4, 0 93 E, 240
21 240 E. 23 23 E. 0
22 150 E. o 43 A, (¢
23 0 0 93 B, 0
24 43 E. 23 93 Ee. o]

% Colony type on eosin methylene blue agar.

E, - Escherichia
A, - Aerobacter

M.P.N.

/100 - Host Probable Number per 100 ml.



TABLE XVII (continued)

ENTBROCOCCI AND COLIFORM BACTEHIA IN THE WATERS
OF MT. HOPE BAY, R. I.

lHean Bbb Tide

80

Surface water dottom water
Station | Ceoliform bacteriz |Enterococel Coliform bacteria |Enterococei
0. HePoe /100 Type* |7 .P.N, /100 H.P.N. /100 Type® |i.F.K. /100
1 23 Le&h, 0 43 E. 4]
2 93 E.&A, o) 4L3 E.&A, 0
3 L3 E.&A, 0 43 E.&A, 0
L L60 B, 23 93 F.&A, 4]
5 23 E.&A, 0 pal K.&4, 0
6 23 Bo&A, ¢} 23 Be&h, 23
7 23 A 0 23 E.&A, 0
8 L3 E. 4] L3 E.&A. )
9 93 E.&A. 0 23 E.&A, o)
10 L3 E. 0 L3 B.&h, 4]
11 23 E, 9] ) B, %A, 0
12 23 E.&A, 0 23 R.&i. 0
13 23 E.&A, 0 23 E. 0
14 43 E.&A, 0 23 E.&A, 0
15 23 B.&A, 0 23 E. &4, 0
16 43 De&d, 0 23 E.&h, 0
17 1100 B.&A, (0] 290 Fo&he (4]
18 75 BE.&A, 0 L6O Eo&i, 0
19 1L He&A. 0 9 E.&a. 4]
20 0 0 9 E.Z%A, 4]
21 23 B. &, 0 23 E.&A, 0
22 39 E.&A, ¢ L3 B.&A, 0
23 0 o] 9 B.&4, 0
24, 0 0 9 ‘ =, 0

# Colony type on ¢osin aethylene blue agar.
He = Gscherichia

A. & Aerobacter
100 - Most Probable Number per 100 ml.

f‘f. P. N‘




TABLE XVII {continued)

ERTELOCOCCI AND COLIFOAM BACTARIA IN THE wATGRS
OF MT. HOPE BAY, R. I.

Ebb Tide

81

Surface water

Hottomn water

Station | Coliform bacteria |Enterococci Coliform bacteria |Entcrococel
No. ¥, P, N. /100 [ Type® |V.P.M. /100 [:.P.N., /100 | Type* |¥.P.N. /100
1 L3 E.&A. 0 9 E.&A, 0
2 75 E, 0 43 El.&A, ¥
3 L3 B &4, 0 23 E. 0
4 43 E. 23 43 B 0
5 14 E. 9 1L E.&A, 0
6 43 E.&a, 0 0 o
7 23 B.&A, 23 23 E.&A, 0
8 23 E. 23 3 L.&A. 0
9 43 B.&A, 0 23 VoA 0
10 93 j“».. 23 23 Ao O
11 43 E.&A, 0 39 E. 0
12 23 B.&A, 23 23 L&A, 0
i3 43 E. 23 9 B 0
14 0 o 9 Fe o
15 1100 B.&4, 23 23 Be.&A. 23
16 23 B. 240 23 L&A, 23
17 23 E.&A, 0 L3 B.&A. 0
18 23 E.&A, 0 L3 L.&A, 0
19 23 Ao 23 23 E.&A, 0
20 43 E.&A, 0 23 E.&A, 0
21 93 E.&A, 0 L3 A, o)
22 23 E.%4, 23 23 E. 0
23 23 E.&A. 0 9 E.&A. 0
24 0 0 23 B, 0

# Colony type on eosin methylene blue agar.

Fre = Escherichla
A, = ferohacter

MePuR,

/100 - Host Probable Number per 100 ml.




TABLE XVII (continued)

LNTZROCOCCY ANP COLIFORM BACT -RIA IN THE WATERS
OF MT. HOPE BAY, R. I.

¥aan Flood Tide

82

Surface water Bottom water
Station | Coliform bacteria |Enterococeci Coliform bacteria |¥nterococed
No., M,P. N, /100 | Type* [¥.P.N, /100 | M.P.N. /100 | Type* | .P.i, /100
1 23 E.&A, 0 9 E. 0
2 3 E. 0 9 E. 0
3 20 E. 0 23 E. &4, 23
4 0 0 23 E 0
5 3 E, 0 21 F.&A. 23
6 0 0 o 0
7 0 o 0 0
8 43 E.&A, 0 3 E, 0
9 0 0 1; E, 0
10 0 0 3 A. 0
1n 3 E. o} 0 0
1z 0 0 0 0
13 3 E. 0 3 B 0
14 %) A. ¢ 0 0
15 43 E.&A. 240 L3 . 23
16 29 E. 23 11 E.&A, 23
17 39 E. 0 93 E.%A, 23
18 93 E, 23 150 E, 240
19 150 B.&A, 0 75 A, 0
20 75 A, 0 43 A, 0
21 14 A, 23 150 E, 0
22 0 0] 39 Be&h, 4]
23 9 E, 0 43 K., 0
24 O 0 0 0

% Colony type on eocsin methylene blue agar.
B, = lscherichia
A, = Aerobsacter

MJP.N. /100 — most Probable Number per 100 ml.




TABLE XVII (continued)

ENTZROCOCCT AlD COLIFCR! 5.CT RIA IN THE /ATuR
OF MT. EOPY DAY, R. I.

Bottom lLud Samples
Station Coliform bacteria Enterococci
.No, V.P.N, /100 | Type* 2ot eNe /100
tean Ebb Tide
1 O 3]
2 230 Al 0
5 230 A, 0
7 430 &, 0
Q 0 0
1C 230 Fie 250
14 o 240
16 0 0
18 1200 he 0
19 1200 E.&A, 24,0
21 11000 Ee 240
21 430 Ao 0
Ebb Tide
i 4,600 Ao 0
2 0 0
5 9] )
7 0 0
9 (o] 0
10 1500 B, 23
14 0 23
16 0 0
18 91 E.&A. 0
19 930 B. 0
21 o 0
2L 0 240

% Colony type on eosin methylene blue agar,

¥, = nscherichia

A. = Aerobacicr

Mei’olla 7100 - Most Probable Number per 100 gm,
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" Pigure 8 represents the third sampling run taken at
ebb tide with ' a choppy see, a strong westerly wind, an av-
erage water tampsratuﬁe of 8.550. and an air temperature of
10°G. 411 stations show evidenaa of pollution on & bacteri-
élcgical b&sis.' All of thm battam water aamplaa aonta*n
coliform organisma while anly two aontain enﬁaraaoeei. This
evidence indlcates that a pﬁiluted gondition has shifted
south with the autgcing tide,

Filgure © represants the last set of samples taken at
mean flood tide with a choppy sea, an average water temper-
ature of 3°C, and an air temperaturs of ~6,5°C. The con-
spicuous thing here is the lack of fecal bacteria in the
central area. Three stations are entirely free of entero-
ceccel and coliform bacteria and the others show a marked re-
duction. The northern stationes 15, 16, 17, and 18 showed
the presence of both types of organisms Iindicating that the
pollution is shifting north. '
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ihe enrichment-~conilrmation tect provides a very ragld
gluaple Best for e isclutlon of the cnterccoccl. Yhe

advantage oi this test over the plating metho

}2
1
5]
ct
b
¥l
(4l
o

lorper incculurm can be used and the enricrsent broth will

Jetect entorococeil when they are prescent in very siall Inin-
bers, 4 guantitative estinmzition can bte made oy using the

of Bosrins (1ud4). The pre-

T
ot
¥

"Wost Irobabie Numbers”
gsunpitive teat reguires between 12 and ©0 hours and ithe con-

fivmation test o ginmilar periocd soe that - completed test may
¥ ¥

- 3o ] e e
o] 1 24 Voo

Yoyt
W

ours., 4 negative test safely may be re-

®
l
It
ot
g.-.'v

corded asz such in 20 hours. The test is simple and easy to

N,

carry out, requiring no special apparatus or eguipnent. De-
hydrated media are being prepared by the Difco Laboratories,

mawing the preparation of the media very simple.

‘fé
The specificity of the enterococcl enrichrment-coniirm-

-

ation test has been tested by checking the cultural char-

actoristics of 1506 orgenlsms. All were characteristic imn

x',’l

their morpholory and Gram reaction and ©7 per cenl were

characteristic as indicated by growth at 45°C,, lGoC. arid
in the presence cf 6,5 per cent sodiuwm chloride, The se-
lectivicy of the conflrmation mediuwm is based upon the pre-~
scnce of 0,04 per cent scdium azide, 6.5 per cent sodlium

chloride, €50 Oxford units penicillin per liter and 0.001

ver cent methylene blue. The streptococci, staphylococcel,
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lactobacilll and the anaerobic spore forming rods are the
only organisms capable of growing in the presence of sodium
azide, An incubatlon tempsrature of 45°¢‘ retards many of
these, In the confirmation medium, the sodlium ¢hloride,
renlellilin and methylene blus will inhibit the ataphylecocei,
lactobacilli, the anaerobes and all of the streptococci ex-
cept the enterococel, Occagionally, falsely poeitive pre-
sumptive tests are csused by & Gram-positive, non-spore=~
forming, rod shaped crganism, but these do not confirm,
Reports of siwmilar resulis have besn received from other
laboratories using this test, ‘

It is evident from the results of this study that the
intestinal material of man and warm blooded animals, includ-
ing birds, eb;wains'entexrm#ci iri numbers ranging from 5,000
per gram to 88,700,000 per gram. This 18 In agreement with
" the mgxding;s. of ‘Gst@ian}: and Hunter (1946) who found that
rodénﬁ#, dogs, cats, monkeys ;nd flies, as well a&s humans, "
all contain enterococci in the intestinal content, An oc-
cacional Tecal specimen may'f&il to show.ths presence of
enterogocol, but this might be expected, since it ia not un-
common to find an oceasional specimen from a human or warm
blooded animal which contains no coliform bacteria. The
faces of ducks and chickens contain large muoebsrs of both
enterococcl and coliform bacteria., The gull, possibly dus
to the high acld condition in the gut, contains fewer coll~-

form bacteria than enterccocei, The Intestine of fish does

not contain either coliform bacteria or enterococci, This



1e in agroement with the findings of Griffithes (1937) who
concluded that "the bacteria of the intestine of fish appoar
to depend largely on the type of food being ingested and

that 1t appears unlikely that there exists in fish any typ-
iosl, cormensal bacterial flara siniler to that which oeccurs
in the intestine of mammalse". Plsh do not act as a source of
enterococei in water and thér@fove, do not interfere with the
sanitary significance of the organisms,

Sewage and polluted waters contain both the enterococel
end coliform bacterls in g usual ratio of 1 to 10, Studles
have shown that the mumber of fecal organisms in sewage in-
creases during the swmer months and decreases during the
winter, probably reflecting the seasonal variation in the ine
tostinal tract, Although both types of bacteria are capable
of surviving in sewsge sludge, the enterococcl gurvive in
larger nurbers than the coliform group. This would be exe-
pected because the enterocoeccl ere usually considered to be
very resligtant organisms, B

A survey of s small =salt water cove indleated that when
the usual tests are employed, 1t 1s possible to have s very
low "Most Probable Number" of ecoliform bacteria in water
taken from & spot where raw human excrement lg entering.

At thils point, the enterococel outnu@ber the coliform group
10 to 1. As the dlstance from this point increased, the
ratlo deecreased and then reversed, so that at a point 50
vards or more away, the ratio bscame 1 to 10. With the

usual ratio of 1 enteroccopcus to 10 coliform bacteria in



both human feces and raw sewage, 1t ls 2iflicult to ¢xny

this reversed ratic unless the coliforms are belng sup:

sed Ly soms factor. Yhe blue-~green pigment producin; or-
ganicms found were suspiclonced, resulling in studies by
BDertullo and Sandholzer (1847) which have demonstrated that

the presence of Pseudomonas aeruginose in lactose presunpitive

tubes will inhibit gas formation by the coliform organisme,
If, however, brililant green lactose bile agar is used, =
higher count of coliform bacteria will result. This was true
at practically all stations repardless of the distance f{rom

2L I e

the source of pollution. The higher counts may be due

ret

13

tially to the lack of antagonlstic effects by other micro-
orpanisms on a solld medium and also becaouse enteroccoccel
produce colliform-like colonies which are indistinguishable
from colonies of true coliform bacteria.

In scwagre stored at EOG., the decrease in the number of
enterococci and coliform bacteria sesm to correspond rather
closely for the {irst 10 weeks. At the end of this reriod’
both have decreascd to 5 per ml. and 10 per ml. respectively.
By the lHth. weel: the enterococel have disapypeared couiplete-
ly but the coliform bacterila survive in small numbers for a
long periocds. This survival ol the enterococci does noetl
arree with the observations of Clemesha, (1vlz) who found

that in India, enterococccli survived for only £ or 3 da

is

Eadd

I

)

stored river wolter. Illg results may have Deen duc to bacte-
erlorhage versus strestocoeci beling present in the water

resulting in a situation similar to that of cholera in cer-
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tain oriental watcrs., 8tudies of anti-strentococci bact-
eriophages which might be found in the rivers of China are
being planned by the author, Othsr ianuEimeorS (Savaigze
and Wood, 1318) alsc have found a short survival time for
enterococci. These findings, as well as those of Clemesha,
may nave been due in part to inadequate methods of isolation,

Enterococcl are not normal inhabitants of soil which
has not been recently contaminated with animal or humsn ex-
crement, This is in agreement with the {indings of OUstro-
leni: and Hunter (1946},

It is evident from the results of this study that small
arnounts of indole and skatole will inhivit the growth of the
enterococci, However, all strains tested were able to grow
in =2 1:3500 concentration of indole and in a 1:3000 concon-
tration of skatole., Since the concentration of indole in
feces is approximately 1:10,000 (Pierce, 1332) and the con-
centration of skatole is between 1:10,000 and 1:20,000
(llerter, 1897) it 1= not probable that the concentratlion of
either of these substances will be great enough in any natur-
al condition ocutside of the Intestinal tract to inhibit the
enterccocci., It is inmpossible to state what the concen=-
trations are in the intestlnal tract but they are undoubted-
1y greater than the concentrations in feces, for it is known
that both substances are absorbed from the Iintestine and
some of each 1s destroyed by oxidation. In comparison, the
coliform bacteria are inhibited by concentrations of 1:2000

of indole (Tittsler and Sandholzer 1u35) and 1:4000 of ska=-
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tole (Tittslcr, Sandholzer and Callshan, 1035),.
The survey of the waters of the Little Annemessex

River ylelded many interesting facts. As the tide moveg in
and out of the river, the fecal bacterial flora of the sur-
face water shifts correspondingly. This shift is not so
marked in the bottom water., Bottom waters from stations
directly off shore from the city of Crisfisld, Md. show a
relatively constant number of both coliform bacteria and
enterococei, This region of polluted bottom water lics mid-
way between two extremes of pollution 1In the surface waters,
This suggests that the bottom water may give a more uniform
and more accurate index of the degres of fecal pollution.
Por thils reason it is suggested that in surveys of this type,
gamplesg of the bottom water should always be studied. (A
speclal sompling device for taking samplecs of water from the
bottom has been used with very satisfactory resulie {(Appen-
dix B).

~A study of the waters of four strecams of Chataugua
County, ¥. Y. demonstrated that the enrichnent-confirmation
enteroceoccl test provides a very rapid and simpls test for
fecal pollution in fresh waters. It wag thought, before
these tests were done, that these streams were non-polluted
but after the positive bacterlological results were found,

a sanitary survey was conducted which showed that these

streams were passing through plg farms and cattle pasture
lands,

An analysis of the results of tests on 226 sea water
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and fresh water samples shows that thoe enteroccceccl and coli-
form tests agree in Ve per cent of the samsles tosted. When

tihe two tests

@]

not agrec, there 1s usually an absence of

ot

d
enterococcel with the pressnce c¢f Aerobacter members. It

t
felt that the prescnce of enterceccccl differentiatcs betbtween
fecal and non-fecal colifcrm organisms since the former have
been shown to be primarily of intestinal crigin. If cntero-
coccl and members of the coliform grour are present in any
given sample, the sample has been fecally pollutcd. IHowever,
if the enterococcl are conslstently absent in wateres giving
positive tesls for coliform bacteria and a sanitary survey
reveals no source of pollution, the laiter probably have no

gsanitary significance,

&

=
24

From a bacteriological study of Irozen foocds, cyste

~

anG crabmeat, 1t le evidenty that the enterocccel muy olten

,-
ct

be f&und in the absence of coliform organisms,. Just vhs
the significance of this may be, is not clear. The entero-
cocecl are resistant to heat shock such as is ueed in blanche-
ing foods bofore reezing. Enterococecl have been found in
all oyster and all except two of the crabmeat samples eXx-
smined in the study. UHowever, nany of these sea fcod samples

contained lischerichla members, Indicaiing probable pollution.

More study is needesd belore any statement can be made asg to
the gignifiicance of enterccoccl in food producis.

vhe enberoccoccl were found to be present in the buccal
cavity of less than two per cent of the normal persons ex-

amined. The second test on these positive indivliduals yicld-

&
(o
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ed negative regults, It Is possible that the foocd saten at
the last meal might have been the source of these organisus
and they were merely part of the transient {lora cf the mouth,
Cheese would be an excellent source of large numbers of ene
terococcli. The enterococcl probably cannot be considered as
a normal inhabitant of the buccal caviity under ordinary clr-
cumstances.

The enterococci are of a definite ald in determining
the limlts of fecal pollution in natural sea water arcas.
In surveys like that of the Mt. Hope Bay, Re L., the coli-
form organisms may represent an Indigenous flora and are
not necessarily indices of recent fecal pollution. When the
enterococcl are found in conjunction with the coliform mem=-
bers, the evidence of recent pollution is evident. It has
besen shown that the waters taken from the bottom are less in-
fluenced by currents caused by the wind and tide. A4 Tew mud
samples have been examined and the results indlieate that
these samples may be influenced even less than the botiom
water by shifting currents and tides. In examinationsg of
shell fish beds, tests on mud are particularly significant
becausge the shell ish grow in the mwmud. It is recommended
that the enterococci be inecluded in the examination of fresh
and sea waters for fecal pollution and that where possible,
bottom water and rmud samples be included to give a more

complete pleture of the degree of fecal pollution.



SUMMARY

1. An improvement of the White-Sherman agar plating medium
for the isolation of the enterococcel is suggested,

2e A mnew, hirhly specific, enrichment-confirmation method
for the isolation of the enterococci is suggested as a sup-
plement to present bacterioclogical methods for detection of
feeal vollution., The presumptive test requires 1lE~18 hours
and the confirmation 12-24 hours. A completed test may re-~
cuire only 24 hours,

%2« oDnberococel have been isolated from a2ll gpecimens of
human feces examined and from all except one of the fecal
gspeclimens of the domestie and wild animals and birds tested,
Enterococcl were not present In the intestinal tract of fish.
4, Enterococcl are present In most sewage and polluted
water and soll samples in numbers approximetely one-tenth as
great as the coliform organisms,

S5e 8cil samnles from areas that have not been cultivated
for at least 50 years and where there 1s no pollution other
than that from wild animals and birds, do not contain entero-
cocecl,

G« The enterococcl are capable of surviving storage at

ﬁQC. {for from 10 to 15 weeks.

7. The enterococcil ars tolerant to a 1:3500 concentration
of indole and a 1:3000 concentration of skatole,

8, The enterococecil are of value in differentiating the
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fecal and non-fecal members of the ccliform group.

@« Eunterocceel are often present in frozen food, shucked
cysters and fresh crabmeat when the coliform group are ab-
sent,

10, The enterococci are not present as normal Inhabitants

of the buccal cavity.

l1l. It is recommended that in the examination of waters for
fecal pollution, the enterococcl test be carried out in con-
Junction with the standard methods for the coliform group
and that In surveys of large bodiles of water, aurface water,

bottom water and md be examined from each station,
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APPENDIX A

CULTUHE MEDIA

ILeectose Broth.

Beef extract 3 Ee
Peptone S Ze
Iactose b5 g.
Distilled water 11.

Mix and heat slowly on a water bath to 65°C., stirring
until dissolved, Make up the lost welight with distilled
water. Adjust reaction to pH 7.2. PFPlace 1In fermentation
tubes and sterilize in autoclave at 1l& 1lbs., pressure for
15 mimates.,

Levine'g Bosin Methylene Blue Agar.

Peptone 10 S
Lactosge 10 2
Dipotassium phosphate 2 Be
Agar 15 Beo
Eogin Y Ced £
Methylene blue 0.06% g
Distilled water 1 1.

Bell until all ingredients are dissolved and make up
loss due to evaporation with distilled water. Adjustment
of reaction is not necessary. Place in bottles and ster-

1llze in autoclave at 15 lbs. pressure for 15 minutes,



Brilliant Green Lactose Bile Agar.

Peptone 1645
Lactoss S8
Bacto-0Oxgall (0.05%) 11.8
Sodium sulfite (1073) 441
Perric chloride (1%) 509

Potassium dihydrogen phosphate (3.4%) 0.9

Erioglaucine (2.2%) 5.9

Basic fuchsin (4.25%) 3.35
Brilliant green (0.001%) 5.9

Special agar (Noble) 203

Distilled water 1

Melt the agar in the water by autoclaving at 15 lbs.

Fe
ml,

Ee
1.

104

pressure for 45 minutes, Make up loes due to evaporization

with distilled water. Add the other lngredients and after

2ll are dissolved, place in bottles and sterilize in auto-

clave at 15 lbs. pressure for 15 minutes,

White and Sherman Enterococcl Agar.,

Glucose 5 Ze
Bacto tryptone 5 Se
Yeast extract 5 e
Agar 15 Lo
Sodium azide 3 S
Penieillin 225  Oxford units / liter,

Distilled wator 1 1.

Mix all ingredients except penicillin and dissolve by

boiling., Adjust reaction to pH 7.4, Place in flask

in
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known queantity and sterilize in autoclave at 15 1lbs. pres-
sure for 15 mimutes, Cool to 48%Q¢, and sdd paﬁiaillin‘Juat
before pouring,

Hajna and Perryts "8,F," medium,

Baeto tryptone 20 e
S8odium chloride 5 g
Glucose 5 g
Dipotassium phosphate & 2
Monopotassiur phosphate 1.5 g;
Sodium azlde 0.5 e

Brom eresol purple (.82} ¢ wm,
Dietilled wétar 1 1.,
Dissolve in warm water, place in tubes and sterilize
In autoclave at 15 lbe, pressure for 15 mimmtes, Incubate
at 25.5°¢,

‘Mallmann's Fnterocosel Broth

Bacto bryptose 1.5 go
lactose & g
Dipotaseium vhosphate 4 fen

Monopotassiuvm ghoaphatef 135,$~"f
Sodium chloride =~ w'fs '“Qiy
ngiatillﬁd wa@en L ,1 . l‘m ..

@issclva in warm watav, plade: ﬂnntubéa anﬁ gﬂﬁriliaa

in autocleve nt 15 1bs. pressure for 15 minutea.
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Laectose §§m¢9'?eptanw Bitmug,ﬁréth;>
Ilaotose & g “

lLemco (meat extrsct) 5 g,

Digtilled water 11.

ﬂiasolve by heating; aﬁj&at reaction té'pﬂ 7«5+ How
add Ic-per‘éﬁnt litms solution until.madiﬁ& attainﬂlaA
purplish color, Distribute in ﬁeét tﬁbes and sterilize in
auteclave at 15 1bs, pressure for 15 mimtes.

Eauézomkand‘ﬁarala!s Potaesium Tollurite E@%&ﬁaaaﬁai

Medium.
Peptoné | o 10 g.
Laatese | V‘  3' . 1311 5 e
Dipatassium yhoephate ( 2 g
E SQdium ehlarg&a e 5 Be ”, e
Pisasolve by heating; place 1n bottles and sterilize
in autoclave at 15 1hs. presauru fer 16 mimates, Cool to
45%0, and add potassium tellurite to malke a 1315000 cone-

centration, FPour into plates,
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di~Prigala .
Sodium chloride 5 g
‘Peptone 20 ge

sHatrose 10 g«
Beef extract 4 Be

Sodium hydroxide N/1 60 ml,
Agar BO ge
Distilled water 1 1.
Dissolye by heating; place in bottles and aterilige,

A sodium caseinate used as a nubrient,



Mo  HOLLOl Liatoer SRLDICE.

Cow

. E R T Y s e
L2 wolltor water swipler usod

in tirese stuadics 1s a
modifflcecation ol it used by Lhe dhode Island State rublic
Ty Iy Y 1 TR ORI O 1Y ;L Srey Cr pmees o my e pw g e ey S wey e G e o v A 41 .
ER RIS N USRIt SR GAl St A IF P 3N o 21%C WS NS 3000l (‘L'L.Llf:);: (¥ wi il [ L 211 c&“"
T 1 o R R N O U T vt e S g wE Ty . 3 ey e B -

N CIE R WO War T I U O " [ "’V’ ;.).!' SR “'E) rnee e fi{:d ASSUCI1iIuCS
e A iy ey o L A ) T 2 e mrgm o RS I I
W OLIRAILYy Ou Cie Vi LilSa, B LaG . Lv I8 soes encire 1y Cf
Lrass aind Ll Wovised o0 use & o 0Z., widice meuia, ground
glass svoprer sampliing vottle wiih o musaroocw type stopper,

he overall heilght is 19 inches.

bottle can ve inseritcd without being opered, 1t 1z then
held in place by letting the disit arop over thic mushroom

ol the stopper and vy fastening tne spring around the body

of the bottlie. 1he apparatus is then lowered 1into the water
without allcwing the botvle to open, dne bolbtle will re-
mnaln closed as loug as the welghit of tne sampler is carried
by the rope., When 1t comes to rest on tioc bottom, the weight
is then brought to bear on the siiding rods nolding the stop-
per. “his causes the botitle lo open (¥igure 1ll). After
allowing a few seconds for the bottle to iiil, the apparatus
iz raised by the rope which immedlately closes the bottle.
When the apparatus is brougnt to ths suriace, ihe closed

bottle can be removed.
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FIGURE 10
BOTTOM WATER SAMPLER

Closed
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FIGURE 11
BOTTOM WATER SAMPLER

Open
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B, HMud Sampling Dredge.

The mud sanpling device is a small iron clam-shell
dredge., The rmd chamber is cylindriecal with an inside dia-
neter of & inches and a length of 10 inches. Iron weights
are provided which can be screwed to the cylinder if add-
1tional weight 1 needod to dig into the mud,.

The dredge is opened and the Ytrip bar® set to keep
the chamber open (Figure 12). It is lowered inbto the water
in this position. When it comes to rest on the bottom, the
"trip bar" dropeg and os the rope is pulled, the clam~shell
chamber digs into the mud, as it closes, encasing the md
gample. When the dredge is brought to the surface, the
chamber is opened and & bacteriological mud sample removed
from the center of the mud mass, using a sterlle, wcoden
tongue blade. The samples are carried to the laboratory in
2 0z,.,, wide mouth, ground glass stoppered bottles, The

dredge must be thoroughly washed before each sample 1s taken.
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FIGURE 12
MUD SAMPLING DREDGE

Open



FIGURE 13

MUD SAMPLING DREDGE

Closed



