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ABSTRACT MATERIALSANDMETHODS DISCUSSION

T o d a te , m o re t h a n 2 0 s p e c i e s o f En te r o c o c c u s h a v e b e e n id e n ti fie d . I n

t h is s tu d y , E . f a e c iu m w a s th e m o s t p re v a l e n t s p e c ie s i n m a ri n e w a te r a n d

s e d i m e n t s, w h i le E . fa e c a li s w a s m o st c o m m o n in se a g u ll s to o l s. E. fa e c a lis

a n d E. f a e c iu m a re c o m m o n ly f o u n d in h u m a n fe c e s. E . fa e ca lis is

c o m m o n l y fo u n d in c a t s a n d d o g s, w it h E . fa e c iu m o c c u r ri n g l e ss

f re q u e n tl y . E . fa e c iu m , E . fa e c a l is , E . h i r a e an d E . d u r a n s a re f re q u e n tl y

f o u n d in fa r m a n im a l s . E . fa e c a lis , E. fa e c iu m a n d E . c a s s e lifl a v u s a r e

p re s e n t in in s e c ts . E. c a s s e li fla v u s is a ls o a s so c ia te d w i th p l a n ts ( 1 ) .

A l th o u g h th e s a m e sp e c ie s o f E N T c a n b e f o u n d in s e v e r a l d iff e re n t h o s ts ,

t h e re is st ill p o te n tia l f o r u sin g sp e c ie s in fo rm a tio n to id en tif y so u r c e s o f

f e c a l p o llu tio n in w a te r. Th e s p e c ie s i d e n t ifie d in s e d im e n ts a t B a b y B e a c h

m a y in d ic a te s p e c i e s t h a t a re m o r e re s is ta n t t o e n v i ro n m e n t a l c o n d itio n s .

F u tu re s tu d ie s a re n e e d e d to d e te r m in e w h e th e r E N T o c c u r in t h e w a t e r

o n ly in a s s o c ia t io n w ith fe c e s o r w h e th e r th e y p e r si st a n d g ro w in se d im e n ts

a n d o n p la n t s, in d e p e n d e n t o f a fe c a l c o n ta m in a t io n e v e n t. Cl e a rl y ,

a d d iti o n a l s tu d ie s o n s p e c ie s d is tr ib u tio n a n d h o st s p e c if ic it y w ill e s ta b l is h

t h e r e lia b i lit y o f E N T a s in d ic a to r s o f fe c a l p o ll u tio n in w a te r . A sin g le n o n -

e n te ro c o c c a l C FU o f n o n -f e c a l o ri g in c o u l d h a v e s e ri o u s i m p l ic a tio n s a s t o

b e a c h p o st in g s , e s p e c ia lly if s m a ll v o lu m e s (1 0 m l o r le s s ) a r e u s e d t o

d e te rm in e E N T le v e l s, s in c e t h e s in g le s ta n d a rd e x c e e d an c e f o r E N T is 1 0 4

C F U /1 0 0 m l.

T h e m E I m e d ia u se d to is o l a te E N T c o n ta in s in d o x y l -ß - D - g lu c o si d e t o

d iff e re n tia te th e s e o rg a n is m s f ro m fe c a l st re p to c o c c i. H o w e v e r, u p to 2 0 %

o f th e iso la te s w e r e e ith e r S t re p to c o c cu s s p p ., c o u ld n o t b e id e n t ifi e d o r

w e re n o n - en te r o c o c c a l sp e c ie s c o m m o n ly f o u n d in th e e n v i ro n m en t th a t

m a y o r m a y n o t b e cl in i c al ly sig n if ic a n t .

M o s t e n t e ro c o c c a l is o l a te s c a n b e r a p id ly id e n ti fie d u s in g A P I 2 0 S tr e p

a n d M ic r o S c a n id e n tif ic a ti o n s y s te m s , a lth o u g h M ic r o S c a n h a d b io c h e m i c a l

t e st d i sc r e p a n c ie s w h e n c o m p a re d to ro u tin e b io ch e m ic a l te s t s. Fo r

c o m p l e te a n d a c c u ra te i d e n ti fic a t io n , w e r e c o m m e n d th e f o ll o w i n g

s u p p le m e n ta l te s tin g in a d d i tio n to A PI 2 0 S: g ra m s ta in , p ig m e n t, m o t ilit y ,

c a t a la s e , a n d g r o w t h st u d i e s a t 4 5 ºC a n d 6 .5 % N a C l. S o m e i so la te s

id e n ti fie d a s E . fa e c iu m b y A PI m a y b e id e n tif ie d a s E . c a s se l ifla v u s u s in g

b io c h e m ic a l t e st in g , h o w e v e r , E . c a s s el ifl a v u s m a y b e a s u b sp e c ie s o f E .

f a e c iu m .

Table1.Speciesidentificationofisolatesfromwater,seagullstoolandsedimentsusingmEI.

No. Isolates
(%)Id en tificat ion

Water
(N=24)

Seagull Stool
( N=18)

Sediment
( N=23)

Enterococcusavium 0
(0 %)

4
(7 .4%)

3
(7 .1 %)

Enterococcusdurans 6
(11 .1 %)

4
(7 .4%)

4
(9 .5 %)

Enterococcusfaecalis 1 2
(22 .2 %)

2 6
(4 8 .1 %)

1 0
(2 3.8 %)

Enterococcusfaecium 1 1
(20 .4 %)

1 1
(2 0 .4 %)

7
(1 6.7 %)

Enterococcusgallinarum 5
(9 .3%)

0
(0 %)

8
(1 9.0 %)

Enterococcusvir idans 0
(0 %)

0
(0 %)

1
(2 .4 %)

Streptococcusbovis 1 1
(20 .4 %)

5
(9 .3%)

3
(7 .1 %)

Streptococcusuberis 0
(0 %)

0
(0 %)

1
(2 .4 %)

Unable to identif y 9
(16 .7 %)

4
(7 .4%)

5
(1 1.9 %)

Tot al 5 4
(10 0 %)

5 4
(10 0%)

4 2
(10 0%)

Figure4a Figure5a

Figure2.Weststormdrain. Figure3.Flowchartofmethodsusedtorecoverandidentifyisolates.
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Bab y Beach , ins id e Dan a P oi nt H arb or , CA has had a h ist or y of

i mp air ed w ater qu alit y r esu lt ing i n b each po s tin gs and clo su r es. Bes t

M anag emen t P r actic es ( BMP s) to red uce l evel s o f fe cal in dic ato r bac ter ia

h ave be en im ple men ted . Weekl y bact er iol ogic al mo ni to rin g d at a in di cate a

ge ner al d ecl ine i n con cent ra tio ns of fecal and tot al co lif or m s fr om 19 99 -

2 002 , su gge st in g so m e b ene fit o f cu rr ent BM Ps su ch as st or m d rai n plu gs .

H ow ever , en ter oco cci con cent rat ion s hav e in cr eased d ur ing th e sam e

p er iod . B acter ial m on ito ri ng st ud ies to iden ti fy po ten tial sou r ces o f

en ter o co cci such as s t or m dr ain s , b ird s and sed im ent s wer e con duct ed fr om

Ju ly t hr oug h Oc tob er 2 002 . E nt ero coc ci lev els we re d eter mi ned in w ater ,

gu ll s t oo l, and sed im ent sam pl es . Sed im en ts w er e co ll ected a t sw ash zon e

s it es , up t o 30 f t. f ro m t he wat erl in e a nd n ear s to rm dr ain s. T en gra ms of

sed im ent w er e r esuspe nded in 1% sod ium met aph osph ate solu ti on an d

so nic ated f or 3 0s a t 3 0% ou tpu t (B ro nson S on ifi er 45 0 ). Resusp end ed

sed im ent and w ater w ere anal yzed f or en ter oco cci u s ing th e m E I mem b ran e

f ilt ra tio n m eth od ( E P A Met hod 16 00) . E n ter oco cci co ncen tr atio ns r ange d

f ro m 20 t o 24 ,00 0 C FU /10 g in sedi men ts and 1 0 t o 40 ,000 CF U /10 0 ml i n

w ater . Up to 1.4 x 10 7 CF U/g we re fo un d i n se agul l s t ool s . T he di s tr ibut io n

o f en te ro co cci sp eci es in m ar ine wat er, sedim en t, an d seagu ll s wer e

co m par ed. Isol ates w ere sp eciat ed w ith AP I 2 0 S T RE P (Bi om er ieux ,

F r ance) . E . f aeca lis was t he mo st c om mo n sp ecie s in all sam pl e t ype s fr om

t he swash zo ne and st or m d rai n are as. N ot ably , a n um be r of m ar ine w ater

i so lat es f ro m the mE I m ed ia w er e id en tif ied as S trept oco ccus sp p. (2 2% ) or

co ul d n ot be sp eciat ed (17 % ) us in g A PI 2 0 S T RE P . T h ese r esult s ar e hi gher

t han the 6 % f alse p os it ive r ate r epo rt ed f or mE I . T he m ar ine r ecr eat ion al

w ater qu alit y st and ard fo r a si ngl e sa mp le is 10 4 ent ero cocc i/1 00 m l, so a

2 0% or hi gher fal se po si tiv e r at e coul d h ave s ign if ican t im pl icat ion s wit h

r egar d s t o beach pos t ing a nd clo sur es . Accu ra te speci es i dent if icat ion wil l

co nt ri but e to det er mi nin g t he so ur ces of en ter oco cci.

S am p le col lect ion . Wat er (N =1 21) an d sed im ent (N =5 5) sam ple s wer e
co ll ected at n ear sh or e s it es (F igu r e 1) an d w es t s to rm d ra in o utf all ar ea

( Fi gur e 2 ) i n 100 m l s ter ile, dispo sabl e bot tl es ( ID E XX ). To char act eri ze
E N T spec ies d is tr ib ut ion at th e w es t st or m dr ain ar ea and t o c om par e

spe ciat ion met ho ds , 20 samp les each of mar in e and s tor m dra in w ate r as
w ell as th e u nd erl yin g sed im en ts w er e c oll ected at sam e tim e o f day f or 4

co nsecu tive da ys . A pp ro xi mat ely 10 0 g of sed im ent s wer e c ol lect ed u p t o 2

cm d ept hs af ter co llec tin g t he o ver ly ing wat er . S eagu ll st oo ls we re coll ecte d
d ur ing th e sam e ti me per io d f ro m a cl ean t arp pl aced on the beach .

S am p le pr ocess in g. 1 00 ml of 1 % sod ium m eta pho sph ate w as ad ded to 1 0

g of sed im ent a nd son icate d fo r 3 0s @ 30 % ou tpu t wit h a Br an so n®
S on if ier 45 0. 5 0m l M gP O4 bu ff er wa s ad ded to s too l sa mp les i n cent rif ug e

t ube s and vo r texed . S u sp end ed sedim en ts an d st oo ls w ere fi lt ered u si ng th e

m emb r ane f ilt ra tio n met ho d ( Fig ur e 3) ( 2) . Mem br ane s w ere pl aced o nto

m E I med ia as per E P A Met hod 1 600 ( 9) an d i ncub ate d @ 41 .0 ? 0 .5 ?C f or
2 4 h .

S p ecia tio n m et ho d s. Isol ate s fr o m mE I incl ud ing S . b ovi s , E . fa ecium , E .

f aeca lis , u n iden tif ied speci es and A TC C co ntr ol or gan ism s [ E . fa ecal is
( #2 921 2) , E . fa ecium (# 3 55 66 7) , S. bo vis ( # 49 147 ), A . vi ri da ns (#

7 004 06 )] w ere speci ated u si ng AP I 20 S tr ep (B iom er ieu x) , Mic ro Sc an P C-

1 2 P an el ( D ade Behr in g), an d b io chem ica l t est s u si ng var iou s i den tif icat ion
ch art s ( 3- 8) . B ioc hem ical t es ts incl ud ed: gr am sta in, h em ol ysi s o n bl ood

aga r pl ate s ( BAP ) , c olo nia l p ig men tat ion o n BA P, m ot ili ty, cat alase ( 3% ) ,

b ile e sc uli n, g ro wt h @ 4 5?C i n b rai n h eart in fu si on b r oth , mo di fie d salt
b ro th ( 6 .5% ) , Mo ell er d ecar box yl ase arg ini ne, ph eno l r ed b rot h b ase

m ann ito l, sorb it ol, ar abin ose, raf fi no se , an d suc ro se. Mi cro Sc an p anel s wer e
t es ted us in g t he l og- p hase t echn iqu e, as per m anu fact ur er ’s i ns tr uct io ns .

A nt ibi oti c suscep tib ili ty tes tin g w as also do ne u s ing Micr o Scan . A PI 20

S tr ep w as used as per ma nu fact ur er’ s in st ru cti ons , b ut wit hou t an aer obi c
in cub at ion.

Membrane
Filtration

24hour
growthonmEI

PurifyonBAP

Biochems API20Strep MicroScan

Figure1.Nearshoresamplingsites.
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Figures5.a-dDistributionofspeciesatweststormdrainareaandinseagulls(March,2003).
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Of 26 5 iso lat es f r om ma rin e wa ter , E . f aeci um was m ost co m mo nl y

iso lat ed, fo llo wed b y E . fa ecali s an d E. ga lli na ru m (F igu r e 4 ). T he spec ies

d is tr ib uti on in sed ime nt was s im ilar t o ma rin e wat er. W he reas m o st o f th e

iso lat es fr o m m E I wer e sp eciat ed u s ing AP I 20 St r ep al on e, 80 iso lat es fr om

t he w es t s to r m d rai n ar ea w er e speci ated us in g A PI 20 S tr ep w it h

sup pl eme ntal bio che mic al te st in g (F ig ur e 5) . T he ref or e, spec iati on resul ts

f or sam pl es co lle cted at th e s to rm d ra in ar ea m ay be s ligh tl y mo re accu rat e

t han iso lat es fr o m th e n ear shor e are as , s in ce som e sp ecies su ch as E .

ca sselif lavu s can not b e id enti fie d u s ing AP I 20 S tr ep alon e. E . fa eciu m w as

al so th e mo st pr eval ent sp ecie s i n m ari ne w ater and sed im ent s belo w th e

s to r m d ra in. T her e w as al so a high er p ercen tag e of S . b ovi s in seagu ll s too ls

co ll ected in Marc h (F igu re 5 ) as com par ed to t ho se co lle cted in t he fal l of

l as t y ear (F igu r e 4 ). I n st or m dr ain wa ter samp le s, E . ca ssel ifl avu s w as mo st

co mm o n, fol lo wed by E . fa eciu m a nd E . fa ecali s .

Based on sp ecies iden ti fica tio n of 28 isola tes u s ing AP I 2 0 St rep ,

Mi cro S can, an d b ioch em ical t es tin g, A PI 20 St rep was fo un d to be m or e

r eli abl e t han M icr oS can b ased on sp ecies id ent ifi cati on u s ing b io chem ical

t es t re actio ns . T he an tib io tic r es is tan ce pr of ile s o bta ined us in g Micr o Scan

w as no t u sefu l fo r discr im in atin g so ur ces o f speci es , h ow ever th is w as

b ased on th e l im ite d n um b er of sam pl es t es ted in t his s tud y. I nt er es tin gly ,

n on e of th e E NT isol ates w ere fo und to be van com ycin r es is tan t.

Co lon ies o f sp ecies ot her th an E NT su ch a s Strep to cocc us ,

L eu co no s toc , an d A eroco ccus a ppe ar id enti cal to E NT on m E I. S in ce m E I

m edi a i s p rep ar ed in ou r lab or ato ry , t he abi lit y to r ecov er di ff er ent spe cies

o f St repto coccu s an d no n- ent ero cocc al sp ecie s wa s ver if ie d us in g m E I

p rep ar ed at ano the r lo cal lab or ator y u si ng th e sa me fo rm u lat ion . Id ent ical

iso lat es o f S. bo vis an d oth er no n- ent ero cocc al sp ecie s gr ew on b oth m edi a

an d t he c olo nie s appe ared la rge r o n m E I pr epa red at t he o th er lab ora tor y.

? E. faecium wa s the most preval ent enterococci specie s found in marine

and sedime nt samples using mEI, where as E. casselif lavus was the

most preva lent specie s in storm drain water. E. faecali s was also the

most c ommon specie s in se agull stools, however there ma y be

di ffere nces in specie s distribution due to sea sonal ity . The spe cies

di st ri bution in marine wa ter, storm drain water, sediments and seagull

stools was not found to be specifi c or unique to each of these source s.

? The di st ri but ion of ENT species in sediments was simil ar to that of the

ove rlyingwate r, sugge st ingthat coast al se diments maybe an important

re se rvoir andperhaps source ofthese orga nisms in wa ter.

? Furthe r strain discriminat ion of E. faecium or E. faecalis using

molec ula r techniques may be useful for ident ifyingsources of ENT in

water and sediments.

? The API 20 Strep and MicroScan ident ifi cati on syste ms were found to

be generally rel iable for ident ifi cati on of E. faecal is from

environmental sources, al though API 20 St rep had more comparable

biochemical react ions when compared to routine biochemical test ing.

? Up to 20% of the i solat es from mEI may be spe cies other than ENT

thatmay or maynot indicat e fecal contamina tion.
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T h is s tu d y w a s f u n d e d in p a r t b y th e S ta te W a te r R e s o u rc e s C o n t ro l B o a rd .
S p e c ia l th a n k s to B ria n M o c h o n , B o n n i e S te w a rd , Pa u l H a n n a h a n d K a re n
G a l lih e r , T h o m a s F e rg u s o n , Jr . a n d So u th O ra n g e C o u n ty W a s te w a te r
A u t h o r it y f o r te c h n ic a l a s s is ta n c e .
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Figures4.a-cDistributionofspeciesatnearshore,weststormdrainsitesandinseagulls(June-October,2002).

In 1 99 9, th e S tat e o f Cali fo rn ia man dat ed s tate wid e m on ito ri ng of

o cean wate rs fo r f ecal ind icat or bact er ia (F IB ) at all pub lic b each es wit h

m or e t han 5 0,0 00 ann ual vis it or s and est abl ished con cent rat io n s tan dar ds

f or t hese or gan isms in r ecr eatio nal w ater . H igh l evel s of F IB in w ate r

i nd icate i ncr eased r isk of i lln ess f ro m f ecal co nta mi nat ion . T h e s ingl e

sam pl e s tan dar ds f or to tal col ifo r ms ( T C) , fe cal co li fo rm s (F C) an d

E n teroc occu s (E N T ) i n r ecr eat ion al w ater , r espe ctiv ely, ar e 10 ,00 0, 400 an d

1 04 co lon y- fo rm in g un its (C FU ) or mo st p ro bab le nu mb er ( MPN ) p er 10 0

m l. W hen w ater adj acent t o th e b each es i s i n vio lat ion wit h any o f th ese

s t and ard s, lo cal he alth o ff icial s p os t s ign s to r es tr ict b each access . P ri or t o

1 999 , Baby Be ach was fr equ ent ly po s ted du e t o hig h level s o f T C an d F C.

S ever al be st m anag em ent pr act ices w ere im pl eme nt ed r esul tin g in a gen era l

d ecli ne of the se i ndi cato rs . Ho wev er, w ith the ad dit ion of m o nit or ing f or

E N T , in cr eased p os ti ngs h ave been du e t o vi ol atio n o f ente ro cocci s tan dar ds

as co mp ared t o T C an d F C. Based o n week ly m on ito ri ng dat a f ro m 2 002 ,

t her e wer e 76 ex ceed an ces of E N T sta nd ard s , 2 4 of w hi ch w ere al so hig h

f or F C an d 4 fo r T C. S inc e E N T ar e also p resen t in soi ls an d pl ant s , t heir

r eli abi lit y as in d icato rs o f rece nt fecal co ntam in ati on in mar in e wat er is

q ues t ion abl e. On th e oth er han d, p ers i st ence of E NT in th e env iro n men t

m ay en han ce t hei r usef ul ness f or so ur ce t ra ckin g. T hu s, sp eciat ion o f E NT

m ay be usefu l fo r d ete rm in ing sou rces of wat er po llu tio n, give n that th er e is

h os t speci fic ity o r di ff ere nces in th e d is tr ib uti on o f sp ecies am on g so ur ces .

T h e o bj ecti ve o f th is st ud y was to e valu ate th e usefu ln ess o f spec iati on o f

E N T at B aby Beach to h elp id en ti fy so ur ces o f f ecal pol lut ion us i ng a n

ef fi cien t and r eli abl e sp eciat ion m eth od. T he sp atial an d sp eciat io n

d if fer en ces o f E NT isol ates obt ain ed fr o m mar in e wat er we re com p ared t o

t ho se fr om p ot ent ial sour ces o f ocea n w ater p oll uti on such as seag ul ls ,

s t or m d r ains an d sed im ent s . I so la tes ( N= 150 ) fr om m E I c ult ur e m edi a,

t yp icall y u sed to reco ver E NT f ro m w ate r, w er e in iti all y speci ated us in g

A PI 2 0 St rep . Ho weve r, a n um be r o f isol ates wer e id ent if ied as

S trep toco ccus speci es o r cou ld no t be id enti fie d (T ab le 1) . T h eref or e, 26 3

ad di tio nal iso late s fr om wa ter , sed im ent s and seagu ll s to ols u s ing m E I wer e

al so sp ecia ted us in g AP I 20 S tr ep, 28 o f wh ich we re also tes t ed wit h

M icr oS can Gr am Po siti ve P C- 1 2 P an el a nd bio che mic al t es tin g. T h e r esul ts

w ere com p ared to det erm in e th e r elia bil ity and ef fic ien cy o f t hese t hr ee

m eth od s fo r specie s ide nti fica tio n.

Rece ntl y, se ver al bact eri al so ur ce t ra ckin g m et hod s h ave b een re por t ed

as b ein g usef ul fo r d iscri min at ing h um an and n on hum an so ur ces of feca l

p ol lut ion in w ater . T he E NT iso lat es ob tai ned in th is s tu dy ar e b ein g

ar ch ived f or f ut ur e st ud ies u s ing su ch mo le cular typ ing t echn iqu es f or

f ur th er st r ain discr im ina tio n f or sou r ce id enti fic atio n.


