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INTROGUCYION

ith the introduction of the sociwa thiosulpnaute treated
gample bottle, tie presence of bacteria has been noted in
chlorinsted swimmuing gools that were forierly telicved to be
becteria free. ot ouly weas the colon group noteq, but also
the presence of streptocoec ci. <Lnese latter orgzenisums may
or me;” not heve edded sisnificiuce over the colon sroup
index, depernd ing upon th2ir source. I1If thzy are entirely
of intestinel origin, then ta~y have no sanitary value, es
the colcn group of arzenisas is ample evidence of intestinel
pollution, tut if they ere oi mouth &rd nose origin, thzsy
wwey be of velue as indicetion of respiratory discases,
Certairly their ebsence in a pool would indicaute the freecdom
of the pool water of respirsiory uisecase or zeunisas.

Since streptococci, as damonstreted by Lallmem (1),
ao not temd to increasc in nunbsr after beirngz introduced
into swirmiing pool weter, whcreas colon tecilli do, it has
been thought that they misht land valuablz &ild in determining
th2 true conteminetion of the pools. However, most of this
worx origineted in the anelysis of drinkins water where
poliution woula invarisbly caue iraa sewage pollution and
wnzre, therefore, strepgtococeil mizht b2 expected to present
a true picture of the fecel contemination. 4Lt first it was
not realized thet this sume picture misht not hold pod

for swimmiingz pools.
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The possibility of large numters of focel streptoca ci
enterinz the pool would be very slignt, as the cmrnce of the
water in the pool bhecaming polluted by the facel aischarges .
of the beth-rs would be very rere., 4he ounly other method
by which fecal streptococci mizght gain cutrence to the water
would be along with smmll particles of fecel materiel which
were adhering to the : urface of the body. EIEven this
possibility would, in some measure, be done awey witn by
the fecect that bathers are required to texe a shower before
er-tering the pool. It is xmown that thes nose and nouth
are the sowce of larze numcers of streptocae ci, which would
have ready eaccess to thz pool. Durinz the period of bathing
the mouths and noses of the na jority of bath~ors would be
weshed out with water severel timee, each time carrying
larze nuuters of streptococci into the pool. It woulu seem,
therefore, thet the charce of th2 pool becominz contaminated
with streptococeci from the nosc ‘anc mouth would be greater
than the chance of conterination fram fecel nateriel,

lienheimer (2), in a review of the litersture on enteric
end respiratory diseases obtaineu throush bathing, points
out the fect that wnile there heve been & great meny euteric
digesses trensmitted in tinls meuncr, thy heve all resulted
frau bathing in rivers or in pools wnere the water is

untreated. On the other hend, those cases of respireatory
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disecases which have beemn ottained while bething wore mostly
of ths type ceused by pyosenic cocel and ware obtained from
swimming pools which wore arpparently free fraun intestinal
pollution. Grierson (2), in his review of the 1literature
cerie to much the same conclusion as l.anheimer, nanely, that
thouzh the trarsmission of enteric diseases mg; be of
importence in the cese of sewaze polluted waters, it is the
respiretory diseas=s wnich ere of prime importerce in
swimnuirg pools. Hesty (4) states that ear end respiretory
diseeses ares ofta transmitted by swimning pool wet-r, and
demonstretes the fact tie t water gets into the nasal
chardters of tnz mejority of svi mmers carrying with it
whetever sort of couteminction happens to be present,

Althouzh investigetars scem to disazree as to tae
gource eand lmportance of these stregtococci found in swimming
pools, no reference is mede of enyone trying to determine
from which source the greetest nwiater are derived. Siuce
mneny diffeorent dis=zeses such e&s conjunctivitis, otitis medie,
sinusitis, and meny other sinus end resgiratory disecses
are sometimes caused by certein pyogzenic coceci, it is of
sorie inportence to try to discorer the actual source of these
stregtococci found in swimming pools. 1% is, therefore,
th2 purpose of this paper to demornstrete whether tihese
gtreptococci hecve es their source the nos=2 &:d moutn or

fecal mm torid .,
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HI3WORICEL

Since our erntire present method of swimming pool
analysis is based upon the method used 1o0r the analysis
of drinkinz water, it is not surprising that most of our
ideas concerninz streptococci found in swimminz pools canes
from the ssme source. Prescott end vinslow (5) revort that
Houston in ™nmzlaund, in 1900, was the first to cmphasize
th2 imvortance of streptococeci founa in water, iHe pointed
out that the streptococci were characteristic of animal
discharges and were, therefore, quite indicative of dangerous
pollution. 4“he first wodc in this country was cerried out
by Winslow and Hwmewell (6), in 1902, when they isolated

streptococci along with Eschericnia coli fram the herds of

school childrec. Later tncy found them to be present in
sewage, fz2ces, and in water polluted by sewage. 1In 1904,
Prescott end Beker (7) showed tlesc orzenisms to be present
in each of 50 samples of polluted vater, wiereas they could
not be demonstrated in nonpolluted waters. Seavaze and Keed
(8), in 1916, report that the estimetion of streptococei

in water is of undéoubted velue as evidence either for or
ageinst excretal comtemination. Following this a great

deal more worx was done along the same line by other investie

getors, in each case thz streptococoi being found along with

Eggh. coli in the sewage polluted vater, It is not surprising

that when streptococecil were first demonstrated to be present
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in swimming pool water thzay were essuned to be of fecal

or igin.

dasty (4), in 197, called attention to the fect thet
the water iﬁ @ swinming pool during the ppriods of its use
would be subjected to the weshings from both the nose &nd
moutn of the bathers, thus receivinz largze numbers of strepto-
coceci vhicn might be iwportent in th2 transmission of disease.
llallmenn (1), in 1928, was the first to use streptococei
es an ind icator of swimning pool pollution. de stutes,
"Strepococel are constant indicators for intestinal pdlution
and the number found in the pool perallels the amount of
pollution as indicated by the number of bathers." Grierson
(3), in srpeekirg of the metha s used for detormining the
pollution cf swimming pools stetes, "It is custouary, there-

fore, to access results on the preserce or sbsence of

Becillus colil in various gquantities of water, teking into
cansideration the total bacteriel count end the preseuce

or absence of feecal streptococci and other orzenisms,"
Harwood, Gould, and Schwachman (9) were of the opinion that
the streptococci found in swimminy pools ere of little
im'porfance in th~ determination of fecal pollution, but
may be a very impartant factor in th= transnission of
disecases of the rnose and throat. In all th=z ceses where

streptococ ci nave been used as & counfirunator test for



irtestinal pollution of swimmirz pools it hes been assumed
thet the; were of fecel orizin, but ther-s is no reference

in the literaturs wicre experinents were gerformed to
dermonstrate trnis. In the cases wiere investimtors believed
the strestococei to hevs their origin, &t least in mrt,

in the nose end mouth, th~re hes br~en no worx done o confim

this telief,

PRUPARATION OF LATIRILLS

In detemining tir pesence of stregtococei from
different parts of the body stendard beef infusion broth
was used. I1ts reaction was adjusted to between & pd of 7.4
end 7,6, To this broth was added 5 per cert of sterile
bovire blood. Irn order that ailution detcruinctions migznt
be obtained, in th= ceaese of fecal mteriel end materisal
texer from the mouth, this btroth was thm tuted aseptically
in 9 c.c., amounts. These tubes were then incubated for a
e riod of ﬁwenty-four houre at Z7°C. ir order to determine

if there was eny contemination,

In the isolation of purs cultures of streptocaci and
in the mexing of quantitative counts blood azar was used,
A base medium of beef liver infusion ezar was used, as
recormerded by Stefseth (10). ©hs reaction wes adjusted

toa pd of 7.4 to 7.6, The agar was tha placed in flasks
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in 200 c.c., emounts. In the preparation of the plates
the ager wes m=1ted a1l efter beinz cooled ®© between 47
end 50° C. 5 por ccnt of sterile blocd was added am the
azar then pourcd irto pletes. This sawe blood egar wes
used in thz peparstion of sk nts for ths carryiug of pure
cultures. 4he tubes, before beinz inoculsted, were incubated
at 37°%., for 24 hours to aetermine tha prescuce of ®ntemina-
tion.

In the isolestion of pure strept ococci colonies fran
different perts of tie body, an atterpt vas made to use
gert ian-violcst, e&s recamernved by Lryzn (11), e s an inhiviti ng
agent for the other orsanisus present. Strepococei are, for
the most wrt, fairly recistant to the action of germicides,
esyecially that of certain dyes. Norton and Davis (12),
in their work on th~ bacteriostatic action of dres found
that most streptocazci are inhibited in their growth by
gentien-violet in & dilution of 1 to 40,000. Hovever, in
dilutions of 1 to 150,000 and 1 to 200,000 strejt ococei
are not inhibited whcreas a groet neny other orzenisms are.
Therefore, in the prep ration of plates for ths isolation of
streptococci colonies, one por cent agueous gentian-violzt
was added in amounts of about U.1 c.c. per 200 c.c., of azar.
Five per cem of blood was then edded and the plates poured.
In meny cases, however, such small auounts of esger and dye
were used thet it was rether difficult to obtain the right

dilution. 4as & result of this the streptococci arnd other
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orgaﬁisms were ecither both imhitited or the streptocael
colonies were cougletely overzrova by th2 other orzerisus
present. Leczusz of this variability in inhilitory ection,
gentien-violet wgs &dded only to thosz plates where streoplo-
coccel were being isolatzd fraa feces &i.d which in the sbsence
of an inhivitory agent, were overgrovm in elmost every case.

Sau.ple bottles for the wllection of wetcr from svimming
pools were pre'pared as recommended by i.allmarm eaund cery (13),
with the followd ng exceptions, Instcad of tn= adéditdon of a
small crystal to & moist bottle or 0.5 cc. to & dry bottle
end sterilizetion by moist heat, pardered sodium thiosulgphate
was edded Lo ary bottles and ti.cso were sterilized in the
hot &ir sterilizer instead of in the sutoclzave, (Devereux
and l.allmenn (14).

The carbohyirete nedia used in the fermentetion tests
vers prepeared by scding one par cent of tha carbonydrecte
to peptbne watser. Uhe peptone water was prepared by edding
10 zrams of peptone and o grems of salt per liter o weter
end the reaction ad justed to a pd of 7,4, Yo this was then

added 2 c.c. of indrede's indicator per liter of solution.

EXPERILLNTAL

Experiment I

Since the bathers themselves are the ounly conceiveble
gource by which strepgococci might geain entrence to swimming
pocls, & study was made of different surfaces of the body,
the mouth end feccl materiel in order to determine which

of these sources would be the greatest contributing factor



for these streptococci. 4lonzy with this, pure cultures
were isolated fran these different sources for commrison
wi th pure streins isoleted from swimming pools. rFor tnis
worx liver infusion blood &zer was used. Yhe orzuuisis were
classified into the tiree types of Smith end Brown (15),

In the determination of streptocac ci on the surface
of different rezions of the tody sterile cd ton swabs were
used, Ynese were prepared‘ahd plach in tubes conteining
1l c.c. 0f sterile distilled water. These swabs were rutbed
over different surféces of tie body. In arder to @ tein
comge ratls results an crea of about 1 1/2 to 2 inches squere
vas swatbed. 4Yne swubs were tnen placed in tubes of broth
containinzy 5 per ceht.bloui end were incubated et 37°C, for
a period of 24 hours. 4t the cend ol this time & hauzing drop
was made of eadr culture, arnd if the presence d streptococei
wes rnoted, smears ware rade &aua stained by Grem's method
in order to confirm their presence. ine rezions from which
these different swabs were tsien are as follows: IL.outh,
anus, abdomen, arm (upper), em (lower), eear, nose (intermal),
hends, chest, thigh, leg (lower), face, back, eukle, &ard
fecal nateriegl., The results of this exgerinent are shown
in Teble I. |

In cultures made from the mouth ¢nd fran fecal mesterial,
&s might well be expected, the presence of stroptocos ci was

noted in almost evary instance. The only exceptions to this
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were samples lo.3 end Ilio.13, obtained from fecal re terial.
TLvm in the cesc of Lo. 3 there were & nun.ber of chein-like
orgenisms present wnich hed the sppearunce of very short raods.
If these had been trensferred & rnunber of times end a more
deteiled study made of them they might have been movea to be
streptococci. Sixteern cultures out of 22 from th= nose
proved to have streptococci yresent in them. This was also
to be expected as the mucous nmemxbraenes of the nose like
those of tine mouth and throet ere considered as one of the
chief sources for stregtococci. Seauples from the anus showed
sixteen out of the twenty-thres ceses to heve strepgtococci
present. his lb:ge nw.ber of ceses is beyord aoubt due
to contumination withn fecel materiel, Sewples fram the
thizh show eight of the ceses to have streptococci present
whereas there were only two cuses wnere streptococci could
be demonstreted on the lower section of the leg., dere esgain
those ceses fourd on the thizh may have been cue,at least in
prt, to contemination with fecel material., Ssesmples from
the hands showed streptococci in ten out of twenty-three
cases, This nunbsr is grobatly due to the fact timt the
hends ere ver; often brouzat in contact with thz nose ard
mouth and would thus tend to becoue conteaineted with
gtreptococei fram these sources. ior the most part the
rest of ta= regions studied tended to show none or & very
few cases with streptococci. The ecar ernd face each showed
five ceses to have stregococei

Lresent

%

, but all th? other

resions exXemined were positive in no niere than thrse cases
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end in severel ixstences in no case, 2drai thacse results
it would app-eer thet the two chief sources from wihicn
streptococci mizht zein ~ntrence to svi mxriin;: pools would
te from the rosz erd mouth of the bathers end possibly fram
sie 11 particles of feceal re teriel adhering to th= body.
'Th2 other body surfeces would seem to te of very little

sl znificence in reisdnz the nwk=2r of stregtocac eci in the
pool. In the first place streptococei are prescut in such
few casecs thaet evm if thoy were inwoduced intw the gool
they would have little effcct in increasing the total
nunber present. Then there is the fact tet in all well
controlled pools the bethers are required to texe a bath
before extering the pool. Yhis would tend to wash off a
goodly nwibter of those present so that in most cases there
would be little denger of th= pool becoming comteminated
from this source.

In ettempting to isolate pure cultures of strepgtococci,
sterile swabs were firgst tried. Lhese were dipped invo the
tubes of blood troth; vhich had previously been inoculet=d with
fecal material, material teizen from the mduth, end from
swimminz pools; e&rnd were thm streasxed on blood egzger plates.
This mcthod, howevz2r, did not prove to be very successful,
es the other orgenisns usuclly outsrew and ovari;rew the
colonies of stregtococci. .n attengt wes then made using

dilutions of the inoculeted broth end platinz in blood agar.
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T"his method provea to be more successful except timt in
sorie of the cases, where fecul metarial was used, the otner
colonies would setill ov=2rzrow th~ stregtococci colonics

in the cilutions win~re the streptococci ware ;L:-resent. It
weg found, however, that by th~ eddition of gentien-violet
in & dilution of &bvout 1 to 150,000 tlet these orstnisms
coulk be inhibited to such en extent tlet colonies of
streptococci miznt be obteined. .hen typicel streptococeci
colonies were noted they were fished with a platinum needle
end streaxed on blood szsr pletes, where th=y weres incubeted
at S7°C, for 24 hours. Lt the erd of this period henging
dmps'were made of the colonies, a.d, if the prescuce of
streptococci wgs noted, it was confirmed by stainea
prepersetions., Yhe colonies were thm trensferred to blood
ezer sleuts where tha2y wor= trausplantcecd every tir ee weeks

to insure good growth.

Sxperiment II

Sitice most o the streptococei in the swimming pools
scen to ba of either mouth ar fecel origin an ctiompt was
naae to determins the nuwiber of streptococci grescnt in
certain given cmounts of metericl from each of tiese sources.
In meking thecse gquantitative tests for the nwiber of
streptococci in th= nmouth, 10 c.e. of sterile water was
texen into the mouth &nd washed ecout and gargled for a

period of ebout half & minute. <This wes then diluted out

into tubes counteining 9 c.c. of blood broth in ¢éilutions
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of 1 to 19, 1 to 1, 1 to 1,008, 1 to 10,000, wnd 1 to
130,000, Yhese tubes were theun incuwwated for a geriod of
24 hours at c7°C. &at the erd of tnis tin= the presence
of stregtococci was detcruined by making siacars of —ecn
@ilution end steininy by 3Gre:n's mnethods The results of
this work ere shown in Table 1I.

In only two of the ceses Nos 9 end 21, were there no
streptococci present. 1In cese Ko.l7 there were only a
hundred streptococei ottained in the one washinz. 7ith the
excertion of these tnree casces all showed streptococeci to
be present in nuwubers tetween 1,000 arnd 1,000,000. The
averaze nunver obtained with onre washiny was aitout 130,000,
this, however, coes not mean that this would bz anywhere
near the total nwiter of streptococei entering the pool
fran the mouth of any oune vather, In ceses wiere te
mouth weas wash2d @& second time immedia tely followins the
first washirgz it was fouwid that relatively hizh counts could
still be obtained,

In order to checi on this ¢ilution method es a means for
deteruining ths nwiber of stregococci, samples 1 ® 7 and
18 to 20 inclusive were slso determiined by the plate method,
In this worz dilutions of the sarples were made the saane
es tefore; 1 c.c, being plkced in steriles petri dishes.
Liver infusion blood sgar was th3I acded a1:d the plates

incubated for 24 hows. it the eund of this time the number



Yipil I1
Streptococeci in l.outh

! Dilutions "Numcer Ootained
No.' 1:100'rl 21, 00071:10,000"'1:100,0C0"1:1,C00,000"'in One .jashing
1 1

1' « '+ 7 + ! + ! - ' 100, 000
2 1 + 1 + ! - 1 - 1 - ] 1 UOO
3' ¢« ' o+ ' + ! - ! - ! 10’000
O L s ! - ' 100, 000
N L . . ' 1,000,000
6 '+ '+ e e + ' 1,000,000
LA s ! + 1 + 1 - 1 1 ’ lo' o
1 1 1] 1 1 - 1 'QJO
g ! * 1 * ! - 1 - 1 - 1 1’000
L] - - - - O
10" + '+ £ ! - ! - ‘ 19, 000
I O S, - - ' 10, 000
I S . - - ! 1, 000
1 ! 1 ’
A IS I A S S S -0
T T S - + : 10, 000
16 + + + + - ' 1, 000, 000
7' + ' - T - ! - - ' " 100
' + ' o+ + ! + ! - ! 100, 000
19 ] + 1 + 1 - ] - 1 1
20°' + ! + ! ! ' N 1 1,000
* - 10, 000
21 ! had ! - ! - ! - ! - 1 ' O
g2 1o+ 1w T e v ! - : 100, 000
g =+ o+ + + ! - : 100, 00
24 '+ o+ £ ] * ' 1,000, Cu0
256 . + . + ) + . - ) - " 10,000
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of streptococci colonics were determined by tneir ection
on the blood &zar. “hz results of this method are shown
in Ysble III.

In almost every case the results were similar to those
of the dilution m2thod, except thet the nuutesr obtained by
rleate m=thod, ¢s mizht be expected, wes slizntly hizher than
by the diluticn method. Seunples Kos, 2 end &, &s determined
by the plate nethod, show2d no streptococci to be present,
whereas th~ seanie saimples tested by the dilution method
showcd sample lio.2 to have 1,000 streptococecil gesemm end
sanple lo. & to leve 10,000 gtreptococei gresermt, In the
plate m~thod the leck of streptococei in these tw instences
was probaply due to the fact that they occurred only in
dilutions which would be overgrown by the cother types of
bacteria present.

In deteruining the nwiber of stregtococeci resert in
fecal material much thes same method was weé as in the
determinetion for those in the mouth. Sawples of faces
were obtained from different individwls and were weished
out in one grem emounts into larze sterile test tubes.,
©2n c.ce of sterile wter was then adcded e the meterisal
well mixed., ZThis was then ciluted in tubes of blood broth
in éilutions of 1 to 10, 1 to 100, 1 to 1,000, 1 tc 10,000,
end 1 to 100,000. These were ircubated as tefore arc the
determination for siregbococci made by maxing smears and
staining with Gram's stein., The results of this exemination

ere shown in "Tebl= IV,



PYABLE 11X
Streyvocceei in Liouth
FPlate i.ethod)

! Dilutions 'Number Obtained
No,' 1;10 '1:100 ' 1:1000 '1:10,000 '1:100,000'In One Weshina
1 ‘'overgrown'overgzrown'overgrown' 3 ! - ! 90, 000

1 1 1 ! ! !

2 1 - 1 - 1 - 1 - 1 - 1 \)

1 ! 1 1 v ]

3 » - 1 - 1 - 1 - ! - 1 O

L 1 1 ! 1 1
4 'overgrown:overgrown'overgrown: 2 ! - ' 200,000

| 1 ]

5 " : " ' L ' - ! 200, 000

1 1 ! ! 1 T
6 : " : " : " :overgrown: 2 : 2,000,000
7 ! " ! " ! 8 ! - ! - ! 80,000

1 ] 1 1 | !

18 ! n ! n L 6 1 - 1 - ' 60, 000

J |} 1 ] L] I
19 ' " ! u 1 4 ’ - ' - J 40'000

1 ] 1 ] ) 1 1}

20 ] L] 1 " ] 2 1 - ] - ! 20. 000







CASLE IV
Streptococeci in Feces

! Dilutions ' Ilumber Obtained
NQLlelOO'1:10001l:lOLQOGTl:lOO,OOOrl:l,OOOlOOo: In One Grem
T 1 1 1 .

!

1 ' "+ ' + ! + ! - ' - ! 10, 000
1 1 ] 1 |} 1

R PO T ' + ' - ! - ! 10,000
! ) 1 1 1 1

R R + ! + : - ' 100, 000
] 1 ! 1 1 1

4 ' + ' & ! * ' - ' - ! 10,000
1 1 1 1 1 1

5 ' & ' 4 ' + ! - ! - ! 10,000
1 1 t 1 ] ’

6 1 + ! 4+ ! L ! - ' - ' 1,000
1 1 ! ] 1 T

7T + ' ! + ! - ! - ! 10, 000
1 1 1 1 t 1

8 | + | + ! + ! + , - ! 100, 000

!

o ' e s o - : 1,000
1 1 1 ! ! L} »

0, -, = 1 - 1 - 1 - ' C
1 ' f ! 1 !

11, + |, + , + + , + . 1, 000,000
] ! 1 1] ! 1

12, + |, + , + + , - . 100, 000
] ! I 1 1 1

13, +« , + , + . - . - . 10, 000
' 1 ' 1 ] 1 ]

14, + | + . + + . - , 100, 000
1 ' ] ] ! ?

15, + |, + . -, - . - R 1,000
) 1 ’ 1 1 1 )

l6 , +« |, + | + - . - . 10, 000
1 1 1 ! ! 1

17 ! + 1 + 1 + ' - 1 - ' l0,000
' 1 ) ! ! 1

8, + , + . + - . - . 10, GO0

19 + 1o« ] P + + L 1,000,000

20 : + : + : + : + : + : 1,000, 000
1 ) 1 1 T 1

g1, + , + - ~ \ - . 1, 000
1 1 ] 1) 1 1

&2 , + , - 1 = 1 = ! = 1 100
1 ! ] 1 1 ]

23 , + , + . + ' + ' - . 100, 000
] | |} ! 1 !

24 , + , ¢ . + . - . - ; 10,000
1 J ! 1 I !

b1+ 1+ 1 + 1 - 1 - ' 10, 000
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In this wori there was only one cese, Lo.,1l0, which
showed a canpleie absence of streptocoecci., Case lio.22 showed
orly 100 streptocoeci to be present psr grem of feces wherees
in &l11 the rest of the ceses the nutbers rernged between
1,000 and 1,000,0C0. <he average number per grem of fecal

e terisal was sbout 10,000,

£lthoush no direct comperisons can be rede between the
nuntber of streptocccei & tained from a wasning of the mouth
ané from & zram of fecal matericl, these experimerts at
least show that either one of these sources would present
a very plentiful supgly of streptococei if b ysht into
contect with the water of & swimaing pool. Un the whole,
it would secm that the clance of swinmingz pool water be-
caning polluted by fecel dischs rges ol tie batners would
be very rerc. ut least it scems safe to say tlet it would
be of such rare occurrence that it would play no mrt
in the day to day high streptococci indices which mey te
obtainrned from almcec t eny swimwing pool. Iven smll
particles of fecel me terial adhnering to the body would be
renoved in large rnicasure due to the focet that bethers esre
required to texe a bath before entering the pool, Un the
other herid it is easy to s2e how the large nuwbers of
gbvreptococci cmteined in the nose «rG mouth would have
ready access to the watar of the pool. Iva though spitting
is prohibited in thc pool, there is 1little doubt but thet
thz rnose and mouth of cach bathzar is wvell washed cut
gevarel tides wuring the course of swimuin;; eech

weshing carrying larze nuuters o streplocacei into the ool
~ *
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Ixperiment II1

In this series of experinents an ettempt was nede to
determine whether the strep tococci found in swimminz pools
were of orel or fecal origin. These experinauts were con-
ducted with & class of forty students in ore of the Junior
high school pools. The residual chloriue in the pool weas
first detemined by means of the orthno-toliaine test end
control semples of the water in the pool were te<en in
godiun thiosulphete treated sample bottles before the cless
wes allowed to enter the poocl. A4ll Tne samples tuxen,
includ ing the cantrols, were taiien in triplicate; one
at eech side of tiae pool and one at the shallow end. The
three samples were token sinulteneously., 4Lfter these three
control samples had b=en texen the class was reguested
to enter the pool at the shallow end, and, in so doing,
to be careful that their hceds were continually ebove the
water. They were then asked to move about, meanwhile keeping
their heads well out of the water in a der et tnere might
be no chance of streptococci from their mouths entering the
pool. 4T steted intervals samples werz teken of tae pool
water from the three éifferent positions. xfter several
sanples had been tuken in this rewner, the class wes givem
sane breathing exerciss wnich entailed repeated total
subnersion. In a great many of the cases this hed the

effect of introducing water *‘nto the nose and mouth, fram
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which it wes shortly returned to the pfool. 48 bedlore
semples were teien at reguler intervals.

Thege sarples wore then carried to the latoratory
where 10 c.c, of each ssmple was pigetted into eacn of five
tubes of double strenzth lactose broth and 1 c.c. into each
of five tubes of sinzle strengzgth lactose broth. Lhese were
incubated for e poriod of 48 hours. One c.c. portions of
the water were platecd out in plain azcr and counts of the
nunber of bacteria present were made at the end of 24 hours.
Lt the end of 48 hours the tubes of lactase broth were

examined and thos e showing gas were streakzed on eosine

nethylene blue egar to caufirm for Esch. coli. 1he presence

of streptococci was first determined macroscopical 1y by

the method suzzested by liellmenn and Cary (14). 4his
consists of holding the tubes up to the 1ight and looxing
for a grenuler precipitate. If this yprecipitate was present
after the tubes had stood for 72 hours, tae superratent
liquid was dravn off and smears were made of the precipitete.
These were then steined by Grem's method end examined
nieres o pically to camfirm for the presence of streptococci.

Prom these results indices for the Isch. coli and the strepto-

coceci present in the pool were obtained. ©he results of
this experiment are found in Tebles V to Id inclusive. Each
Table is divided up into three parts 4., b, and C; repre-
sent ing the diiferent positions about thz pool fraa which

the samples were taken. The number of bathers and the parts



TABLE X
Streptocae cus and Colon Index

P.P.MO Of Chlorine - l
Nunbter of Eathers - 40

A
Na th Side of Pool

Sample Time Streptoca cus Colon  Becterial
numbsr in pool i ex index count

1 0 - - 19 Control

2 1 mnin. - - 36

3 2 min, - - 36

Body
4 3 min, 4 - 60
b 4 nmin, 4 - 19
B
South Side of Pool

Sample Yime Strep tococcus Colon Beacterial
number in pool index ind ex count
-1 0 - - 48 Control

2 1 min, - - 8

3 2 min, - - 2063

Body
4 3 nin, 2 2 91
5 4 nin, 2 b 166



TAaBLE X (continued)
Streptococcus end colon Index

C
Ind of Pool

Sample  Yime Streptococ cus Colon  beoterial
numb2r in gool index index count
— 1 ———
1 0 - - 24 Control
2 1 min, - - o7
3 2 nmin, 2 6 90
Body
4 3 nmin, 4 - E3
5 4 min, 2 - a7



P.P.1le
Nunber

YpLn

Strop tococcus ernd Colen Index

of Chlorine =« ,6
of pethers -« 490

A

North Side of Pool

Sample Mme Streptococ cus Colon bacterial
nunber in rool index index count
1 0 - - 7 Control
2 1 min, - - 13
] 2 min, - - 29
4 3 min. - - 482 Body
5 4 min, - - 33
6 5 min, - - 26
B
South Side of Pool
Sample Time Strep tocoe cus Colon Bacterisl
nunber in pool index index covnt
1 0 - - 6 Control
2 1 min, 4 4 11
3 2 min, - - 51
4 d min, - 4 28 Body
5 4 min, - - 96
6 5 min, - - 20



LapBIll VI (continued)
Strepteccoccus sud volon Index

C
na of ZFool

Senple Time Streptococ cus colon Bacteriel
nunber in pool _index index count
1 0 4 - 5778 Control
3 2 min, - - 3650 bBody
4 3 min, - - 459
5 5 min, 40 6 4794
louth
6 6 min, 10 - 1705



TaBLE VIII
Streptococcus end Colon Index

P.P.L. of Chlorine -- ,75
Numnter of bathers - 28

A
Nartnh Side of Fool
Sample Time Streptococcus Colon Bacterial
nunber in pool irndex index count
1 0 ' - - 15 Cor.trol
2 1 min, - - 16
oGy
3 2 mino - - 4-0
4 4 nin, - - 42
6 6 min, - - 47
B
South Side of Pool
Semple Time Streptococcus Colon Bacterie
nunber in pool index index count
1 0 - - 26 control
2 1l min, - - 51
Eody
O 2 min, - - z7
4 4 min, 4 2 81
5 5 min, 6 - 76 Liouth
6 6 min, 2 - 49



LBLE VIII (cantinued)
Strep tccoccus arnd Cclon Index

C
Erd of Tcol

Semple Time Strep tococcus Colon Bacteriel
runber in rool ing ex index count
1 ¢) - - 25 Control
2 1 min, - - 65
Body
3 2 nmin, - - 57
4 4 min, 4 - 109
5 5 min, - - 56 liouth
6 6 nmin, 4 - 67



TABLE IX
Streptococcus and Colon Index
P.P.i., of Chlorine -- ,5
Number of Eathers -- 28
A
Nar th Side of Yool

Sample Time Streptococcus Colon  Bacterial
number in pool index index Count

1 0 - - 29 Control

2 1/2 min, - - 33

body

3 1 min, 2 - 119

4 2 min, 20 - 96

5 2 1/2 min, - - 72 Licuth

6 3 min, 20 - 90

B
South Side cf Pool

Sample Tine Streptoca cus Colon Eacteriel
nunber in pool ind ex ind ex count

1 0 - - 16 Con trol

2 1/2 min. - - 20

body

3 1l min, - - 44

4 2 min, 6 - 57

5 2 1/2 min, 8 - 77 Liouth



TA3LT IL (continued)
Streptococcus &rd cvolon Index

c
End of Pool

Sarxple Time Streptocaecus Colon  Bacterial
nunnber in pool index ind ex count
— — —_——— —
1 0 - - 22 Control
2 1/2 nin, 2 - 68
Body
3 1l nin, - - 77
4 2 nin, 4 - 58
5 2 1/2 min, 6 - 44 Llouth
6 3 min, 8 - 96



18

per million of chlorine is recorded in each caselat te
top of the Yable,

These Tables are rether siznificant in thet in evewy
cese there is a rise in the streptocawcus index inmedistely
or soon after the heeds of tn» bathers had been subnerged
in the water, \hat is still mare importent is the fact
that in a great meny of the cases the index increeses any-
where from five to thirt; times over thet b teired whm
only the body was in contact with the water, Yhis in it-
gelf would ternd to show that some new plentiful source of
streptococci had been intro.wed. That this new supply
of streptococci can not be attributea to fecal discharges
of thec bathers is shown by thnz fact tiet in no case was
there & like increase in the colon index as mizht be expected
if th~» fecal meterial was responsible, Iurthermare the

presence of Zgch. coli was noted in only five out of the

fifteen series of samples taken, and in only two seamples
did the index reach six. This would tend to show tet no
large amounts of fecel meaterial hed entered the pool.

In order to show that this sudden rise in the strepto-
coccus index following the submersion oi the bathers' heads
was not aue to the zradual relcase of the orgamisms fram
the body, althcurh th2 sudden end in most ceses rather
larse increase would in itself tend to disprove it, another

set of experimerts was run, In thsse experimeits the seme
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procedure was used &s before, exXcept that all of th: semples
were collected with only th> bodies of the bathors ezpcsed
to the water and without their heads beinz subtmerged at
auny tims, The results cf these experiments are shown in
Tables X to XII inclusive. In none of these ceses, where
the mouths of the beathers veres not allowed to come in con-
tect with the water, @ d the stregtococcus index rise above
4, whereas in the previous cases, Yables V to IX inclusive,
where the mouths of the bathers had been in contact with
the water the index oftax rose as high as 20 &nd in one
cese, Yatle VII-C, &s hizh &s 60.

In Tabvles £ to A1l inclusive, the streptococcus iid ex
geems to parellel roughly the colon index., This might well
be expected due to the fect that hare the two orgenisus
arc assuced to come fran the same source. dowever, if
this were true it would be expected that somevhat the same
results would show up in Tables V to I£ inciusive, in those
samples which were teken durnng the period whem only t/zle
body was exposed to the water. This, however, does not seem
to be the case with the possible exception of Teble V-4
end C, In no case does there seem to te any relationship
betwsen the strertococcus or colon indices and the total
becteriel count,

Exeriment IV

islthouzh ell of the above results seem to point to the
fect that the lerge majority of the streptococeci fourd in

swimming pools have the nose and mouth as their sour ce, an



YABLE LII (catinued)
Streptococcus and Colon Index

C

Erd of Yool
Sample Time Streptococcus Colomn iacterial
number in pool incex index count
1 0 - - 25 control
2 1/2 min. - - 119
3 1 min, - - 1Z5
4 1 1/2 min, - 2 894 Body
5 2 min, - - 212
6 2 1/2 min, 4 - 153
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ettenpt wes mede canfimn these observetions, This ves done
by taking a numbter of pures cultures of streptococ-ci,.\'hich
had p eviously been isolzted from the mouth, fecel neteriel,
and swinming pools, ana testing them with certain carbohy-
drates, to determine their ability to ferment. 1t was hoped
that in so deing those strexococci which had been isolated
from swimning pools mizht fall into certain definite groups
which would correspond with certain groups of reactions

es produced by either those streptococci isolated from the
mouth or fram fecel meaterial, In this wark the carbohydretes
used were lactose, salicin, mennite, and irulin, Tn=2
ection on blood ager and in litmus milk wes elso determirned,
In naming the dif ferent groups formed, the classificetion

of Holmen was used.

Lieny attenpts have been mede to classify stregt ococci
according to their ability to fernent different carbohydretes,
£s & result, & great many Giflerert test substances have
been used, and & great many different results heve been
obtained, thus ceausing saie worxers to doutt the valuwe of
such a procedure, Bergey (16) came to thzs conclusion tet
the action of streptococei on differcnt carbohydrates wes
of little veclue in the determination of their classification,
due to the fact that thoy were so prone to die out in the
media, thus mekinz it difficult to retain thzir vigor.

Thro (17, 18) demonstreted a numter of different fectors
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which would terd to woduce veristion in the results of
fermentaztion reactions of stregtococci. Saie of the factors
are as follow: Dry meuia, faulty premration of media,
veriability of growing power of diff-rent streius, len;th

of time grown on artificiel media, complexity of the sub-
sterices used and the ladc of pure ones, titration, alkeli
fraa glass, end the exceiytional veriatility of this particular
group of orgcnisms., Holmen (19),althoush reporting favoreble
results, states that canfusion may eesily arise frau the

feot that certain strains may lose their vigor when gran

upon artificial medis.

ratar s disagree

)

Aside from the»fact that many investvi
as to the importence of various carbohydrates in the classi-
fication of stregtococei there is enother factor which emters
in to meke it a rether doubtful proceaure to use in deter-
mining the sow ce of strert ococci found in swimming pools.
According to ths present methods of clessification, tie
agreat najority of those types of streptococei which are
found in the mouth ma} also te fowid in feceal material, and
those types found in fecal material may also be found in
the mouth, The only two verieties wnich would seem to have
any value at all in a determine tion of this kind would be

Streptococcus galiverius, which is found larzely in the

mouth, and Streptococcus fecalis, which is found for the

me t part in the contents of the intestine, Zvm here there

would sean to be nothing which woula hiidor en intercle wze
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of sources, thus ceusing & great deal of confusion in
the kind of deteminetion atteupted.

"he chief worx and thut of most velue along the line
of usingz cerbohydrates in the clessification of streptococeil
geeris to have been don= by Gordon, sndérews end Horder,
erd Holwen. gordon (20) wes the first to re ke use of
carbohydirates as & mcans of classifyins streptococci. 1In
this worxg he studied thirty-five diffcrent conpounds and
firnally selected a&s those heving the most velue; lactaese,
saccheross, raffinose, inulin, ssalicin, coniferin, end
nennite, alonz with the clotting of litmus milk end the
reduction of neutral red. Yhis ssme method was further
developed by andrews eud darder (21), erd used as the
basis for the clsssificetion developed by dolwen (20).
This classification as developed by Holmen is give in
Yeble LIII. It was this classif ication wnich was used in
naming tne different groups &€s determined by their fermeri-
tation reactions.

In determining the types of colounies oun blooa egar
the classification " as worik-=d o'ut by Smith and Brown was
uscd. Schottmuller (23), in 1904, wes thiz first to make
use of blooad egar'in the demcnstration of stregtococei in
r2gerds to thne effect of their 3rowth on th~ red blood cells.,
By this metnod he divided strou tococei into two groups.

The e which dissolved thx red blood cells he celled



TABLE XIII

Holmant*s Fermentation Reactions

ceseesHEMOLlYSiSe e ceoenns

+

4 ecesececsclBCTOSBee 0o

.......oL&OtOSQo-

+

JMannit-

+Mannit-

+Mannite-

+Mannit-

+3Salicin-

+5alicin-

+Salicin-

+Salicin-

+Salicin- +Salicin-

+Salicin-

+Salicine

Stre.

Stre.

Str.

Str.

Stre.

Stre.

Stre.

Str.

Stre.

Stre.
Stro

Stre.

Stre.

Stre.
Stre.

Stre.

ignarus

equinus

non-hemolyticus 1iit

non-hemolyticus ii

salivarius

mitis

non-hemolyticus 1

fecalis

subacidus

equi
hemolyticus iii

hemolyticus ii

anginosus

pyogenes

hemolyticus 1

infrequens



LAV
[$Y

hemolytic stregtocooci or "Streptococ cus pyorsues var,

ersipelgtis,™ end the e which causzd a zracunish discoloration

of the blood with orly slizht or no hemolysis of the blood

cells be celled "3trewtococcus nitior ver., viridems." Snith

and Brown (15), in 1915, e.d Zrovn (24), in 1919, in thsir
descripticn of stregiococci colonies o blood describea thr ee
tyves whica tuey celled "alpha," "bete," and "geuma.," Zneir
Gescriptiors of these tarce types in bri=f is &’ follows:

"vpe alpha. &S observed efter farty-cight hows
incubation th=z clenge woduced bty streptococei of this tye
mey be described as a scmewhat greenish discoloration end
rartiel henolysis of the blood carpuscles inuicdia tely
surroundinz th= colony forming a rather indefinitely bounded
zone 1-2 m,m. in Giaceter and surrounded by & second, narrow,
clearecr, not discolored, partly heriolyzed zaue,

"Pype beta, This type of appeararnce in blood agar nay
be described as a colony surrounded by & perfactly clear,
colarless zone of hemolysis., <There is no trece of discolor-
etion and when viewed misceroscorically no corpuscles ere
seen in the m=dium surroundinz the colony. Tne colony
itself is greyish by transcitted 1ight,

"{ype garmme., By the gamma type is meant the zrowth of
the streptococcus colonies within and on the blood egar
plate without the yroduction of any perceptible hemolysis
or discoloration of the surrounding medium duringz incubstion

or refrizeretion."
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The results of this evperimert are ziven in Tablses
LV, &V, and LVI. Wetle AVII shows the different sroum into
which the strains studied fell ajlong with their classification
€8 worxed out accordinz to Holuan. rraa the results oo tained
it eppesrs, as might be expected, tiet this method of
detemining th=2 origin of streptococei in swimming pool
water has little valus. “The two zroups, Yeble LVII-I1 end V,
wnhich might be expected to be of sane &id in such a deter-
rminetion are not outstandiny enough to be of much value,

A48 pointed out before these two strains, Str. saliverius

end Str, fecelis, are fairly cherecterietic of the mouth

end of fecal material respctively &s their names would
imply. dowever, like all th= other strains it is not

impossibhle for them to be found in either place. This

'y

~

is feirly well cdeuonstreted by the results obteined. Str.

salivorius was found in eizht ceses from the month ar:d in

three cases fran fecel meteriecl, 3tr. fecalis was Iound in

no case from the mouth and in ten cases from fecal materiel,

Str, saliverius was found to be present in the swimnming pool

weter in five cases and Str. fecalis in two cases. This

13 mare or less the relationshnip which might be expected
judging fraoa the previous experiments, but there is not
nearly enough material from which to araw any definite
caaclusions, “he othar eight zroups into which the

streptococei fram tirse theee different sources fell are
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Fermentation Heactions
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a3 LVI

i'ermentation Recactions

Source -- Swimmirz rPool

Culture' Wype' Lactose ' Saliecin ' luaunite ' Inulin ' Lilk
]

! ! ! ! ' Acid' Clot
1 1 1 1 1 1 1

201 'Alphsa' + ! + ! + ' - ! + ! +
1 1 1 ! 1 ] 1

202 'ilpha' + ! + ! - ! - ! + ! +
! ] 1 1 1 1 ]

203 'unlpha' + ! + ! - ! + ! + ! +
1 1 1 1 1 1 1

204 'Alpha' + ! + ! - ! - ! + ! +
1 ] 1 1 1 1

205 'Gemma' + ! - ' + ' - ' + ! +
1 1 1 1 1 1 ]

205 'lepha' + ! - ! - ' - ! +' +
1 1 1 1 ] 1 ?

297 '.nlph&' + ! + ! - ! - ! + ! +
! 1 ! 1 1

208 'Alphe' + ! + ! - ! + ! + ! +
1 1 1 1) 1 1 1

209 'iAlgpha' + ' + ! + ' - ! + ! +
1 1 1 1 1 ] 1

210 'Alpha' + ! + ! - ! - ! + ! +
1 1 ! 1 1 1 1

211 'Alpha' + ! - ! - ! -~ ! + ! +
1 - 1] 1 1 1 '

212 'Alphsa' + ! - ! + ! - ' + ! *
T 1 |} 1 |} 1 !

213 'hlpha' + ! + ! - ! - ' + ! +
1 | 4 1 1 1 1

214 ';}lpha' + ! - ! - ! - ' + ! +
1 1 1 1 1 1 1

215 'Llphe' + ! + ! - ! + ! + ! +
1 1 1 1 1 1 1

216 'Gamna' + ! - ' - ! - ! + ! +
1 1 1 1 1 1 1

217 'Ganma' + ' - ! - ! - ' + ! -
|} 1 1 1 ] 1 1

218 'Gamuia' + ! + ! - ! + ! + ! +
1 1 1 1 1 ! 1

219 'Geamma' + ! + ' - ! + 1 + ! +
] ? 1 1 1 | 1

220 'alpha' + ' + ' - ! - ! + ! +
1 1 1 1 1 1

221 'A'Llpha' + ! + ! - ! - ' + ! +
| | 1 ] 1 1 1 1

222 'alpha' + ! - ! + ' - 1 + ! +
! ] 1 ] 1] 1 1

2z3  'idpna!' + ' + ! - ! - ! P +
1 1 1 1 ] ] 1

224 'hlpha' + ! + ' + ! - ! + ! +
1 1 1 1 1 1 1

225 'hAlpha' + ' + ' - ' - ' + ! +
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Feruenta tion Heacti ons

‘est
Subtstance

Lo hewolisis
Lactose

No h=molysis
Lectose
Selicin

Ko hemolyeis
Lactose
lani te

No hemolysis
Lactose
Inulin

No hemolysis
Lactose
Saliecin

Ko heuolysis
Lactose
Selicin
Inulin

I'o hemolyrsis
Lactose
l.annite
Inulin

dmolysis
Lectose
salicin

dmolysis
Lactose
l.anuite

demolysis
Lactose
Selicin
Inulin

source

Liouth
Feces
Swiming rool

l.outh
reces
Swimiain,; 2col

Liouth
r'eces
Swimning rool

L.outh
Jeces
Swiaming Pool

l.onth
s'eces
Swimmin: Yool

l.outh
recns
Svirmiiiy reol

l.outn
f'eces
Svi mmin y Pool

L.outh
reces
Swiruainz Yool
luouthn
feces
Swimning Pool

loouth
r'eces
Swimmin gz Fool

Nuber
leacting

(92l ér e

(@R NO > O IO,

oo O OO G

OCOMd OO+ CO

Zolman's
glessification
>tr, seliverius

Str. non-Hemolyticus 1

Str, fecelis

Str. pyoxrenes

Str. hemolyticus i
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of no value in determining the source of the streptococeci
from the pool weter., According to Holman, Groups 1V, VI,
VII, exd X are merely matbers of veriations of th= other six
zroups, &¢ he do-s not consider inulin &s a veluaCle test
gubstance. uinit (25), in 1926, did sowe work &long this
sane lince using the clessificeation end test subsiancns

as recomuended by andrews end darder. He came to the con-

clusicn that the type predominate in feces is Str. fecalis,

whereas that which is predominate in the mouth is Str, mitis.

As in the work prescuted here he coucluded timt the results
obtained were o 1little or no vsalue, due to the fact the t
both classes ere found both in the moutn and in the feces
of rormel indivicuels,

SULMARY

Fran ali th= results oo teined, it would appear that
beyond & deoubt ths zreat rniegjority of those streztococci found
in swirriing pools hev=2 tn-= nose and mouth as tneir source.
Following from this it would stem tret the pres=nt use of
streptococeci as a confimetory test for intestinal pollution
is of little or no value, ¥nis would not mean, however, that
th2 test smould be given up, bubt rather tiet a different
irterpretation should te placed upon it, It h&as becn
demonstrated time andé again thet certain respiratory diseases
caused by pyozenic cocci mey be trensmitted tarouzh svimming
pool water, Althouzh no hemolytic strentococeci were found

in the pools exsmined, it was provatly due in large measure



to some defeet in the method of isolation. 4t the prescnt
time there secnis to te no practicel method in use for con-
trolling these streptococci in swimming pools. Lallmenn,

in an irvestigation of thz bacteriel pollution of swinming
pools, hes drewn up th2 following procedure end star ards

for streptococci in swimming pools.

"Mhe part pk yed by the various strains of streptococei
in the respiraetory disczeses end their prevulence in the intest-
inel, buccal end nesel discharses mesge the presence of strep-
tococel in tathinz water very undesirable. Yet to eliminate
then fran swimming pools would meen decidedly smaller bathe
ing loeads and decided increases in chlorine residuals, either
or toth of which would hamper the usefulness of the pool.

The cammittee calls attention to the fect that streptococei
tests are of value in passing on the condition of the
swirming pool water. A tentative proceuure ard stemeard
follows:

"l, Test for the pressmce aof streptococci mey be rmde
fran the fermentetion tubes usea for the determination of
th> colon-acrogenes groupe.

"2. Decent of £ the supernatant liquid in the fermnenta-
tion tubes after 48 hours incubation at E7°C. oSmear the
sedinent on glass slides, stgin and examine for the presence
of strep tococei.

"3, Stendards. Nct more then 5 out of 10 consecutive
semples taken on diiferent dates should be positive for
streptococei. The averagze streptococci index should not be
greater then 2 per 100 c.ce of water for eny considereble

period of time."
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CCHCLUSION S

Streptococci are not pleutiful on th= boly surfaces
except where contemination fram the mouth, nose and fecel
materiel has taken pleace.

Streptococci are found in lerz2 nuwibers in the nose and
rnouth and in fccel naterieal,

The streptoccccus index roushly perasllels the colon
index only when th~ bodies c¢nd not the mouths of the
bathers heve b=en in contact with the water,

There is no reletionship between the strep tococcus or
colon indices andé the totel bacterial count,

Lerucntation reactions arc of no vclue in determining
th=2 source of streptococeci found in swimminz pools.

Streptococci, as found in swimming pools, are not
indice tors of th= amount of intestinel pollution.

Streptococeci indicats th2 amount of pollution which hes
taxen place from th> noses ana moutns of th: bathers and are
thersefore importent in determining the safety of the water
in rejerd to trensmission of sinus and respiretory disseses.,

It is therefore reconmend=d that e siregtococad test
be made to measure the cafety of a pool as fer as respirstory

Gisteses &are concerned.,
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