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'”:A_ serles of water qual1ty analyses were carried .oﬁtd o

;i'durlng 1985 on drlnklng water sources 1n the, U.S. Vlrgln.’

' ':Islands.-;”Th,~‘object of the study was to determlne‘ whlch.'

iiihuman pathogens mlght be present the 1mp11cat10ns of theerH.f_lhf'x

'dpresence, and the value of current Env1ronmenta1 Protectlond'”
'Agency 1ndlcators for predlctlng the presence of pathogens.
| ..‘ Water samples were:taken from seven 01sterns,' four
'wells,' and f1ve places along the public water llne (16
f:total). : A four l1ter sample was . taken at each 51te andt

ereturned ,1mmed1ately to the 1ab= for processlng.v Each_

'sample was checked for total and fecal collform us1ng both”f_“

'fmultlple tube and membrane fllter methods approved by the o

: Amerlcan Publlc Health Assoc1at10n and U S. Env1ronmental*

'wProtectlon Agency.. They were cultured, where appllcable, t.,’

t'l0n5 standard enr1chment broth and on selectlve media.

~"Ind1v1dual colonles were removed and 'cultured von’_eightidv

°‘d1fferent1at1ng medla ”as well ‘as: ‘the API strips]'
"N (Analytab Products, Pla1nv1ew, N Y.. 20 tests) b- Controls

'jwere Arun 51multaneously u51ng. Blan&s, (no 1noculum) and .

| 'bure‘ cultures vof elght spec1es from the Amerlcan__Typg 3t

s -Culture Collectlon (ATCC)

The results of these 1800 separate tests were collated j“’

_‘ﬂand compared for cons1stency, occurrence of pathogens, ”and :

" rellablllty of predlctlon from the collform tests., Thlrty—afjf

‘h‘*ll¥75



- two

found

- .,-1.'

:‘bacterla present Flfteen of the 16 sourceso

._spec1es of bacterla, twenty of them pathogens,

ThlS ana1y31s showed that"

All of the 16 sources had human pathogenlck PR

3 also had fecal streptococcus present whllef'r‘f

""j‘g of the contamlnated sources would PaSS

-current = collform ”}EPA ,fwstef»"xqualltY;v'
‘ standards.n5 ’ '
Use of a pre enrlchment" technlque 1s v1ta1

dto get a true estlmate of the less v1gorous

' pathogens and 1n3ured collforms°

churrent EPA 1ndlcators used for contaml—

h'f,nated drlnklng or groundwater are, at 1east

.;'1n the V.I.,{ useless for predlctlng the g

: presence or absence of pathogens.'

Further comparlson of these results w1th earller work

on ground and 01stern water 1ndlcates that the problem may ;"

be more severe and ublqultous than prev1ously thought.

Rec0mmendat10ns are made for future management, de"“ﬁnﬁf-

tectlon studles, and control
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‘-ﬁi_irNTRODUCTEON»'"“

}Hh U So Vlrglﬁ Islands efe a group of three ﬁajor;

islands, aﬁé 27 enailer 1slands ane cays clustered around» g

© the ila;h paraliele The _1sland@"ere about 1100 mlles,fe:‘

:71'.s®utheaet of Mlaml (Flgure 1), : Only the three 1arger

flslands of St,r Themes,i St. John and bt Cr01x support any e

..felgn;flgant ’permanent populatlonur In 1984, approx1mately;_r‘

'fléﬂ 000 permanent ‘re51dents eceupled the 60 odd square“

"males of land In addltlon over 1. mllllon persons a yeara‘ 

lgf7v131t the 1slands._ These VlSlt@ia comprlse a 1arge poten—.5

bwetlal vectcr peel whlch could trensmlt pathogens w1d?1Ye'fi'

-;eLocated _1n the trade«w1nds zone the 1slands have a"high»lb'

T“ffr-humldlty but low ralnfall.: -Annual.relnfallkvar;es-from'zojl;

V“lrznches, to 7ﬁ 1nehee per year in different parte 'dflfthé,

: 1lslands.. Wxth thls relnfall ana p@§ulatlon demand,‘ %aterf’“

’,?becomes a major» emmedlty._ﬂ The 4 5 ‘mllllon gallons 'ef
: publlc water per day requlred cemeg' from three sources:

ralnwater catchmeﬂt, groundwate;, “and sea water desallna—

‘:fitlone»_ Of these seurces only t%e desallnated publlc water_i

ls routlnely treatea prlor to ﬁumtrzbutlon. Evenrso,-due
_to_ an anthuatedg» leaky dlstrlbﬂhlﬁﬁ _system,.(éee.Figure »
“'"ezj"the: publ;c»water _1SA liable eev eenramihation;;beforeFA

’Ureechingbithef@ublic;'.ﬁll:of-théfﬁaterffsQurces are cross
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"'connected v1a unregulated commer01al water 'hauling'-trn ksy

_whlch carry water from wells or the publlc water supplv taJ

}'01sterns 1n homes, bu31nesses, and publlc bulldlngS wrtaaut -

‘fffcleanlng the trucks.,flbl}

ijhéi objectlves of thlS research are. t0°u'1) 'Detérmine '
‘ presence or absence of common human pathogens in the varions

: ’waterb sources of the V I.,: (2) to determlne whether their

rﬁpresence “has any 1mp11cat10ns, (3) to.evaluate-whetherh the =

d_nsef of Env1ronmental Protectlon Agency standards conce?ningl

'~collforms is adequate for the varlous sources of water in. the;‘;’

afoI:'.-"s



IALS

© METHODS AND MATERIAL

-Water'saﬁples‘from‘eachfsourceo(Figure'ﬁ) were _ taken o

~in four - 11ter sterlle bottles.' These bottles were kept at_f_

d*iamblent temperature,_ transported dlrectly to the lab, rahde-h

"~;’uanaly5ls3 begun 1mmed1ate1y. An allquot was taken from theh‘t .

”sample_for*conductance, turbldlty and pH analys1s.'- Each .
‘sample tfwast3 flltered through HA and "HC»' membranesh
'(Millipore, hMass,) 1n 5-10 and 50 ml (dupllcate) volumes,

Where applicable,b membranes wereﬂprelncubated~on pads w1th_

1fenrichmeht7br0ths, for 2 3 hours on laurel tryptose broth[ﬂ"

»for total collforms, or 4 hours on phenyl red lactose brothv”

; at 35°C before belng transferred to selectlve growth medla,f:

‘ then relncubated at an approprlate temperature (Canoy _and:___

EKnudsen, 1983) Quallty control tests were run Dby: hi(A)v_,r_l

.l?unlnoculated med1a for sterlllty,k (B) u51ng Amerlcan Type

::Culture' Collectlon (ATCC) pure cultures w1th test samples,"”

‘eahdf"(c)"runnlng 31multaneous blochemlcal : testSj°hoh~'

commer01al medla and on Analytlcal Proflle Index (API 20E,3'

72os and Staph Ident) I. D. klts.'ﬂ Anomalous testsv were_~;

'runwagaln and also were’ querled via . thégAPIhcomputer;



The API 20E System 1s a standardlzed, fminietﬁrizedf:f

1";ver81on of conventlonal procedures for the» 1dent1F1catlonQ-vv” :

.],of Enterobacterlaceae and other Gram-negatlve bacterla.~oIt.f

"1s a ready—to~use, mlcrotube (Bartoll, et al, 1972) system~'

'f.de81gned for the performance of 23 standard blochemlcal-~.rﬂ-

"ltests from 1solated colonles of bacterla on platlng medlum.;":

'.rUsed n . conjunctlon with the API Proflle Recognltlonffh

‘System (Robertson, et al.- 1976),>1t is 1ntended to enablerpﬂ-'~

'plaboratory. personnel to 1dent1fy members of the fam1ly:.:r; L

fEnterobacterlaceae ‘Uand other Gram—negatlve bacterlah,"’

' accurately and ea51ly. The API system has procedures forb

733*same day and 18—24 hour identlfrcatlon of Enterobacter1- ?'

"3f}aceae as, well as 18 24 or 36 48 hour 1dent1f1cat10n of

: vother Gram—negatlve bacterla._ The blochemlcal 1dent1f1ca-pff“xg

ieftlon of Salmonella arlzona,v Shlgdlla, Escherichla 911, ashriﬁf-,,,_;t

e e et et o o S

.fdfwell as Vibrlo chol .should be con31dered a presumptlveTglgr'

- 1dent1flcatlon and conflrmed serologlcally._:

o Spec1men Collection and ProceSS1ng

Samples were collected at 0700 0800 at the statlons]”'

"ih shown 1n Flgure 2, transported to the 1aboratory 1mmed1ate—,

'fly after collectlon, and processed beglnnlng at 0900 Care:;o";@-"

';was used 1n proper selectlon of adequate platlng medla'{ahdjg.

;:,the condrtions of 1ncubat10n.x For the API 20E, blood agar;ob;xr.,u
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‘°7plates »or MacConkey s agar were streaked for ihitiaiff‘

23 enrlchment and '1solat10n of colonles ‘to run throughsdthejf’

"itfblochemrcal tests,r.iThe APL system_;sestandard;ferfmedieaijF;

| ,:,miér;éb-'iOJ-ubgy?-jj e

Chemlcal and Phys1cal Pr1n01ples
The API 20E System cons1sts of m1crotubes contalnlngi‘

""dehydrated substrates. These substrates :are~reconst1tuted5

o by_addlngsa’bacterlalasuspensleng 1ncubatedASOFthat'the:dr+”]

r-ganiSms-reast’With'the:COntents of”theltubes, and readuWhenb.

ithe’ varlous 1nd1cator systems are affected by the 'meta¥

'bolltes or added reagents, generally after 18 24 hours 1n~””;3

'”fcubatlon at 35 37° C.

_ | Compouents
:°The_iprdeedure for each of the tubes _abd .given “in- ‘
'Apgendirh;B.;t7ihe ONPG- tube contalns an ‘1ngred1ent _thati"
_7fuuetions as.an 1nterna1 1ndlcator._ The ADH, LDC ; oDcC: and:.

ferRE tubes contaln phenol red as the 1ndlcator.» 'The CIT,'

v:fGLU, MAN, INO, SOR, RHA, SAC, MEL, AMY and ARA tubes con=- -

“tain charcoal and the H. S tube contalns -1ron salts as_

. hihdiCators.j The TDA,r” INDv'and VP tubes conta;n no

*;,1nd1cator.. All of the tubes contaln buffers,‘ and 'aiij d7

‘Y{'tubes,:‘w1th the exceptron of the CIT,,_and URE tubes, conwi

v tain Tpeptone.'; All of these' components retaln theirf

fffreact1v1ty for 18 months._'



o ~.Idﬁén't'iff lcatlon '-o_f‘~'-"op’gén isms

Identlflcatlon of the organlsm can be made elther w1th
3the a1d of API d1fferent1a1 charts, or by u51ng the compu—"

1_ter Proflle Recoqnltlon System.;:f.ﬁ.’

When dlfferentlal charts are used to determlne“thev1_;td"

5ff1dent1ty of cultures, the aggregate reactlons glven by thea B

’;Tstralns should be con51dered as a whole.; Even when th1s 1sd‘:

'»done,~ however,ﬂ'the conclusxons :reachedvmay‘dlfferytfrom:”
laboratory to laboratory. o b Koy o
bf'ibor_ rapld 1dent1flcat10n of :species iandn blotype:f
'-leyels, the API Proflle Recogn1t1on System (PRS), Computer*

' *:Seryice ’and Analytlcal Proflle Indexes are avallable;'t'A ;
'ddataiibase complled from stralns of the collectlonslfof
aseyeral 1nst1tut1ons as well as. type and neotype culturesbi

: allows very prec1se stat15t1ca1 calculatlon and thus the

~‘1dent1f1cat10n of less commonly occurrlng mlcroorganlsms. ‘

Quallty Control L

Blochemlcals .1ncorporated 1nto the API 20E System are _

'-]quallty controlled by standard testlng procedures prlor to .

fthelr usage -1n.the system¢ t Each lot 1s controlled . with

‘ T stock cultures for sen51t1v1ty and spec1f1c1ty.-



Because of the use of lyophlllzed cultures for quallty_h

'control procedures, several transfers were made.-prlor

':'to the 1nocu1at10n.'

':°c‘APi recommends that quallty control be done u31ng the

v18 24 hour procedure.u Same day results for the recommendeda*'

o ATCC cultures are avallable from Technlcal Serv1ces, API

for’ » _
N Kleb51ella pneumon ae--f_‘ATCC 13883
2. Enterobacter cloacae =~ ATCC 13047
3. Proteus vulgaris = = “ATCC 13315
4. Pseudomonas aeruq1nosa -ATCC 10145v“

‘jA?If d1fferent1al charts have been derlved from type'

gand neotype cultures and stralns from varlous collectlons.

','wThe percentages obtalned on API may dlffer from percentages

IVappearlng 1n publlshed mater1a1 based on macromethods.».For'

gfexample, the urease test found “on API is’la Ferguson:bf

;(1948)ufqrmulat10n i'Wthh _ﬁisj~ lessh- sen31t1ve h than D

'dvchristenseh's formulation wh1ch is used w1dely in ex1st1ng“
L macrotechnlques. . Reactlons recorded as delayed p051t1ve

:3-w1th macromethods generally are shown as negatlve on the-

'r_API chart for Enterobacterlaceae 51nce thls chart is based‘

oht}results obtalned exactly after 5 or w1th1n 18«24 ‘hours .

'-h:‘of 1ncubat10n dependlng on the coordlnate parallel standard;':'

"Vtests belng carrled on at the same tlme.,



Figure 3..,"

';: Generallzed Flow Diagram of Kicroblologlcal Samples.

Three Dilutions: 3, 10, Sgml to 100 m1

i ; : LR Membrane to Enrlchment Broth
-Qgglltv gontrol A : 2 or 4 hr /35 C-
American Type o

Culture Organism - gam
For Media Perfor-— . B
- mance plus blanks SeonlD SN e S
for sterlllty check - {Confirmation Tests Set A)

'>f§aaitiyé (end) / Negative

"QfEiggt’!Kei"}Seléctiyé‘media .

gecond "Key" Differential Media

"Q_gligy‘Control
~API Test Stri

' {confirmation Tests Set B)

S POSitlve (end) /'.Ne_‘ga‘tj_ve"_. I

‘Media Sterlllty y
Reagents

Characterlzatlon Medla
API—Test ' : iy



'; 5‘ flrst quallty control effort is made by .settlng'e
ina81de | 1% of the contalners w1th unlnoculated medlap;.
iflf wh1ch iSi?watched for contamlnatlon. e A second qualltyf'ﬂ
’C*ffassurance measure 1nvolved 1nocu1at10n of each medla w1th

ef*pure"culture bacterla from the Amerlcan Type Culture Col—,5

fffﬁreactlons. The flnal conflrmatlon was a comparlson of Ana~'
;31yt1cal Profile Index (API) test strlps .w1th-vstanda:dvA

e”egfe(APHA, 1984) characterlzat1on medlas.njfj

ur751,lect10n (ATCC) (Table 1) and observ1ng thelr relatlve.fbv



°»  Table 1._3-"’

Quallty gontrol Conflrmatlon. Tyg Cultures Used

| Jirnlfgo_Bactrgl,Dlsk, (Lot + 1628 32-2 ‘and Lot # 1656~ 32—7f

~ arcc

~aTce

. ATCC
"ffATCC'

~ arce

'f;AfCC

ﬁ"_ATéC;
- arcc
»J»iATCC
”5§g jATCC1
e

~ ATCC

8100 -
?13315  
'27853  52§§EQQmQQg§-aeruqindéai
v23355:f |
13048 -
259255
13883 -
8090 -
'19666i'7
 19615ff?Streptococcus pyoqenes.'7'
125923   _'.§1:_3.211¥_1~.9_9_99_9_§§ aureus
izzzs-m'

gSerratla marcescens

Proteus vulgarls  } 

Enterobacter cloacae

jEnterobacter aerogens

: scherlghla COll

.Kleb51ella Qneumon1a3f‘

, Cltrobacter freundll

Ac1netobacter calcoacetlgus- var.'anltratus

§almone11a tvphlmurlum

' taghylococcus eDldEImltlS

;  ’_. 1‘2.__. i



Table 2.A.

Medla Used In Isolatlon and Identlflcatlon

"-mEndo—Agar—LEs

’h.5“mFC-Agarj'v”v :
"%vataphylococcus Broth

~‘mBrilliant Green Broth
‘mBismuth Sulfite Broth.

’“‘mTetrathlonate Broth Base

‘Phenol Red’ Lactose: Broth

- ‘Plate Count Agar

‘Brain-Heart Infusion Broth-”

- Brain-Heart Infusion Agar =~ = T
. Brain-Heart Infu51on Agar w/S% blood o
. Nutrient Broth .

'Simmons Citrate Agar

" MR-VP Medium

- Tryptone: o v
Urea Disk - ' & o
- Lauryl Tryptose Phosphate Broth
‘Brilliant Green Bile Broth 2%
.. EC Broth - - e
=y Oxldatlon-Fermentatlon Glucose Medlum_ '
- Levine EMB Agar . . b
 Bismuth Sulflte Agar'

" '8/S Agar

- Pseudomonas ISolatlon Agar
- Motility GI Medium -
~ Rabbit Plasma- w/EDTA

~ XLD Agar

. Sellers Agar -

.Hectoen Agar
~MacConkey Agar Ei
“Triple ‘Sugar Iron. Agar

h”qerr51n1a Selective Agar

 DNase Test Agar w/Methyl Green

. Decarboxylase Base (Moeller) w/Ly31ne - Arglnlne & Ornlthlne_.
-~ Nutrient Agar _ : : R : ST PRI
~ KCN Broth Base -

“Phenylalamlne Agari~vh‘

e BIle Esculin Azide Agar i
- KF=- Streptococcus—Broth<KF streptococcus Agar

':;Phenol ‘Red Lactose Broth w/Rhamonose .

 Phenol Red Lactose ‘Broth w/Mellzltose

HAHPE Coli OK Antiserum Poly A, Lot 2677~ 47 (leco)

'le C011 OK Antlserum Poly B, Lot 2731 47 (leco)

i —13—



"i RESULTS
= A75 oan 'beiseen. from Tables 3‘A ---V'(:~At there 1s.'a
iafrw1de Varlety of bacterla 1n Vlrgln Islands water. Further— o

7“;more certaln bacterla,‘ Klebslella, Streptococcus.. andi}}ﬁ.

'VQa;Ac1netobacter spe01es were found 1n every sample regardless,.

'gf°f orlgln.(

Of 16 samples 1n thls study,: 8 were p081t1ve l fori'”'

jthe human fecal 1ndlcator organlsm Escherlch1a coll, and only l

3 ;of the 8 showed fecal collforms were in numbers above EPAlr”“f:

'_fguldellnes.. Of these elght samples seven showed Standard ¥

»lPlaten Counts 1n excess of 1 m1111on (1 X 10 ) per 100 ml.l;-.

.:uPresence of E. c011 however, would have falled to pred1ct the’"'

'-occurence of pathogens 1n three sources (Samples 261 265 268)1_:

'whlle total collform and total plate counts dld No dls-_ L

'“;;ftcernable pattern exlsts for relatlng g;’ ol Qt anythlng:d’ﬁ

'“.jother than general enter1c bacterla.r’ Fecal streptococcusd‘_

.'however occurred 1n 15 of 16 samples and could be related torﬁf

‘.;both the number of pathogens and the Standard Plate 'count“j“v“

'”h(See Table 3A)

"’L:Th largest number of pathogens were found in the st.-‘_"

"~,Thomas potable water d1str1butlon.'system, 1ncreas1ng 'inv:

: 'number‘ dlrectly proport10na1 to the dlstance from the

h"holdlng tank. (See Flgure 2 )

"”j'-14§“:-"



Table 3A.;va
Source and Identlflcatloﬂ of Waterborne :
Bacterla from the Vlrgln Islands~
?fLocatlon/Sample o . - :  :]
: Number LRt Source R Organlsm :

#252 Clstern'f},Streptococcus faecalla
- res1dent1a14_qs. faecium (Group D )

s LEscherlchla COllr
" E. Coll, (H S+)

-‘Ac1netobacter calcoacetlcus
var. anltratus

‘vxluyvera sp,_y

 ~fEnterobacter aqqlemerans
‘ (alt, Erw1n1a)

"‘c  Ae;omonas hydrophllla

y#253' ‘:ﬁ‘. },Cisiérng: :Strep§ococcus faecallsf
o | . residential

”‘_Pseudomonas fluorescegs

og2840 'C1Sté£n,*_‘_ngptgcoccus ﬁggggllﬁ
... Public 8, faec1um (Group D) 2
= Hous1ng R A L

*;Escherlchla COll

" “'jAc1netobacter colcoacetlcus
0 var, anltratus

Pseudomonas aeruq1nosa

}.Cltrobacter freundll (H S+)

'.1;1Enterobacter cloacae

'“3Morqanella~morgan11

"fProteus mlrabllls

 " fM taphylococcus haemolytlcus [f -
'-‘—15—'. ’

afFlavobacterlum menlngoseptlclum  g  



ﬂIjLocatlon/Sample

Orqanlsm

Number i 'iSource

‘Public

. Housing

:Stregtococcug faecalls

“*VEnterobacter cloacae o
'fég;gmgggg hydroghllia o
"iEQEQLQh§g£§£ agglomerans

:1Pseudomonas spw,(fluorecentlg.n |

~group)

'_fEscherlchla herman11

~{CcDpC Group II)

"I5Proteus vulgagls

. #256 . cistern
: s re51dent1al;j;
' : w'IKleb51e11a pneumonla

'f§P. mlrab;lls B |
'[Z taphylococcus s1mu1ans"

“§; saprophvtlcus

-IStreptococcus faecalls

IfEscherlchla coli

(Poly ngn pos'f

:coll ("A" & “B" neg )

B Enterobacter cloacae f

".;EL sakazak1

L SChGIlChla herman11 -

- {€DC Group II)

”-_sjuPseudomonas aeruglnosa

-fIA01netobacter calcoacetlcus -

4287 cistern
s " residential
T e 3vngleb51e11a pnegmonla

- var. QQILLQLQ§

'7T§Q£g9;gggggu§ ﬁaecalls

'4.].-16-_-



‘ ’ffLocat1on/Samp1e *r._; : : ' ;
- Number . Source A Orggnlsm-

"71‘Enterobacter CIoacae
":f‘Pseudomonas sp._»;é f']' "

.,,  Pseudomonas aeruqlnosa;f gf

:QEscher1chla coll (poly "A"-" "
pos /"B" neg ) :

ft  Flavobacterlgm breve
s (non-sachrolytlc)

:‘A01netobacter calcoacet1c1
'.var. LWOffl

#258 ;tf; Clstern f: tregtococcus faecalls
‘ re31dent1alb'“
'*Enterobact_; cloacae

e ;Cltrgbacter sp.

f K1ebs1e11a terrlgana f

'“:Pseudomona aeruglnosa

imulang

' tfsta;h loccocus

’ltre tococcus

gaecalgs

-fAc1netobacter calcoacetlcus

#259 'n‘ﬁ:IClétéfﬁ“‘
i reSIGentlal

:"f[Flavobacterlum menlngosepticum f7¢f"

ﬁj,ﬁ&gyhvlococcus hemolvtlcus"

'~“:#261f«;r¢%;"}Potable; g-Streptococcus faecal1s gT¢?~
o wWater (VI BT e

- .Intern.
. Rev.)

ilge




L Table 3A f]?':é:il't, S

zLocatlon/Sample

Number source BRI Organlsm

#261 Con't ,potable.f.fxlebs;ella terrlqana
- Water
PR Escherlchla c011

'_Enterobacter cloacae

E. sakazak11
1fE. aqqlomerans

(’Kleb51e11a p;gn;;gglg

.V1bro fluv1alls

*_fProv1denc1a rettqer11 e

< K1ebs1e1la oxytoca

=“jKluzvera _g. |

 'Enterobacter aerogens B

-Aeromona hvdrophylla

HASerratla marcescens

(Poly A neg/ Poly B'negl .

 ’Ac1netobacter calcocacetlcus‘ Z,<ﬁ

var.-anltratus,_‘

TigPseudomonas putlda

ol ety v  ‘ staphy1ococcus hemol ticus
';  #262‘:f¢; f.; 7potab1e  -§tregtocogcgs faecalls
R Water - .

 System: v_-Kleb51e11a pneumonla

',Subbase'”
ELQQLLQQLQ
  fK terrlgana

) 'Ac1netobacter calcoacetlcusf
’:var. Lwoffl‘v' i




",V_Locatlon/Sample , ,
- Number = Source ’f

| mmlmcas

Orqanlsm_.-? 

5#2533,”5;fﬁﬂ Well
SR e (CRI)

S $266 ' j > Well :
EENER N SR (Prlvate)v

"J#267 ifi :f  :Potab1e

“Water:

"vSystemj”'

Vfg;W;,Vét#
: eran '8
. Drive

- School)

Z_YEscherlchla c011 (H

_Streptococcus faeca11s

' S fae01um

: -Cltrobacter freundil (H S+ 5, "'”'}

kY Indole —)

' treptococcus av1umv’

g treptococcus faecalls

zs_?“’ o

(”Poly A" ++)

s - X %

E c011 (“Poly B" +)

v:leeb51ella Qlantlcola

.Enterobacter cloacae v

Aeromonas hydrophllla , ""

-_Léphziggggggg saprophvtlcusa"*-

,Streptococcus faecallg

-Ac1netobacter callcoaceticus

. var.‘anltratus

o A; callcoacetlcus_'
(Public .

var.‘LWOffi‘:”"

"Enterobacter cloacae

_QL sakazak11

| 'Kleb51e11a pneumonla

 75Flavobacter1um odoratum

”vTChromobacterlum tzghlflavorum 2

= +19-_h‘>



| ~ Table 3A Con't
*f;Locatlon/Sample S e S -
' Egmbeze_. Source . "Q;ganism"i

#267 Cont'd ;,h!ff'f 'f hPseudomonas aeruglnosav:r

R o f:§£ pbylococcus ylosu s -
'f:#268j}' St Thomas _ e
S ‘ Alrport _w»?"vstreptococcus faecalls"'”

“(Drinking . : G T
i fountaln)_,_, Ac1netobacter calcoacetlcuSg L
R T - var. Lwoffl" A

"Pseudomonas cepa01a1"

fluorescens

':f‘CDC Group IVE - (p0331b1y)>'
8 Alcallgenes group '

'E,Kleb81ella pneumonla

"L:Enterobacter sakazak11

‘hg& aqqlomeransj*

'“:Staphyl ccus hyicus

:£§; SCIUI;;;»IT 3

’Q;At'study of the occurrence and etlology of waterborne7ﬁ7
ffdiseases- 1n the U S.. (Table 4) shows only those dlseases”

””-cauSLng gastr01ntest1nal 111ness and 1gnores known resplra—;v‘

'f.tory,: skln, and genltourlnary tubercu1051s, §trept000ccusoh

| 1nfect10ns, etc..r St111 th1s record 1nd1cates that 55% ofe

e astroenterltls : were of "unknown" or1 1n. From a publlcﬁjf
g 9 ,

hfhealth standp01nt the 1mpllcat10ns are ama21ng.v; Well overy‘

:fifhalf the true potent1a1 for waterborne dlseases 1s'hin‘}a':r"”

th'blank" data area.:r:

'7r"e207]eff



DISCUSSION

Organlsms Of Concern

°xfWaterbm_n esplrato_y Pathogens (See Table 6 for Etlology)

Resplratory dlseases are not generally con31dered to*’fe

”*s’be waterborne but 1n fact many are spread by bmlcroscoplcfh

"aFdroplets (foamltes) from fountalns, showers, sprlnklers, orxxﬁi

“”«wet“t airj condltloners. }:3Thef most dramatlc of these.

-Q;leseases recently has been Leglonnalres' Dlsease whlch by a -

afsoc1al/env1ronmenta1 fluke 'achleved nat10na1 attentlon.e‘

QfOther ’ non—pneumococcal pneumonlas 1nclude Kleb51e11a,h

s taphylococcus,’ and Streptococcus as well as varlous gram"”

'f_bnegatlve Enterobacter,r Proteus, Serratla, and Pseudomonas.*

'fThese are opportunlstlc pathogens wh1ch are seldom epldemlciﬂn
’and generally strlke the very young and old and the alreadys;

‘, 111 or 1mmuno-comprom1sed 1ndlv1dual..v

Nlnety four percent of the drlnklng water ’testedi“inyyjr” o

"1f]‘the v. I was found to. be contamlnated w1th Streptococcusezdv

~'tbacter1a whlch can cause resplratory 1nfectlons.' Further-vf""

h,more,;.15 'of 16 samples had ‘one or more other spec1es of g%

”ebacterla 1mp11cated in resplratory dlsorders. - The spec1es"‘

fwlnvolved.» from the genera Ac1netobacter,-,Aeromonas,_~‘

:}fﬁEnterobacter, Flavob 1u 1eb51e11a, Moraxella}-PSéu¥if,’

Wd domongg, phylococcus,»'and Streptococcus (Tables 3A—C &:f"

’hf5);>flThe‘;most~,common5 genera, occurlng 1n 75% of they_ijbv i

.::121;



”ﬁ,fsamples, , were B pathogenlc Enterobacter, Kleb31ella,;k*’:

fStreptococcus,v and _§gggomonas,; Ac1netobacter 'EE' Elghtreﬁe“"'°*'

ft°f‘ the' 16' SamplesflnCIUGGG a Study on the' presence of5 o

J'f:L“glonella pp' of these 63% were p051t1ve for Leglonellad'd

o o ml_e.p_mesl_l;l_a (Table 3B) o

Leqlonnalres'7 dlsease was named for the flrst recog‘fj“v b

7¢thlzed epldemlc Whlch began w1th an Amerlcan Leglon Conven—-5h" -

' *fvtlon 1n 1976. In retrospect 1t is now known that epldemlcsffg;

*Ljdhave occurred back at least as far as 1947';'

Of the establlshed 22 spec1es of ng;gng;;a the or-fd7'

ﬁhganlsm L. pneu phllasirsmthe~ major .pathogen.» Probably i

*common env1ronmenta1 SOorces of ,1nfect10n are sprays,f“ff

"75-showers,* and coollng towers.‘ It has been found 1n a varx—-'7 L EE

= ety of waters v1n Puerto RlCO and the Vlrgln Islands.

The causatlve organlsm 1n1t1a11y found 1n the V I._Qinﬁ

'h5nc1stern water (Schlech, et al, 1985) and reconflrmed byid h*h;fff

’“feflﬂazen, }Knudsen,‘ and Canoy (1985),_ has now been 1solatedh i

‘fﬁfrom drlnklng water supplles.,< F1ve serogroups of .L;iffaw~:*'

xfggggmggh Ig'% were 1dent1f1ed 1n thls study andg” more - .

”“{ v&exten51ve sampllng could pos51b1y brlng the number to ten'” ;

ffor more.,:fa_,’f-ﬂ

'“7Th greatest health rlsk 1s not from drlnklng waterff'

‘ijbﬂt’from showers,v humldlflers,, nebullzers, or 1nhalatlonjf;f,f

'fugatherapy machlnes., The hlgh rlsk groups are 1nfants, aged,_’_fﬂ-iff-f~*

”’~ﬁjor medlcally compromised persons..-,ffd{**-’»75”
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'  Table 4.;;_-"

,' Etlology fof Waterbcrne D1sease Outbreaks 1n
S e the Unlted States, 1971 1979 :

Outbreaks ,
_(Percent)

| ';‘sgAcute Gastr01ntest1na1 Illness ;”: f;f7'_sf.if55'bs

‘ *1f7Hepat1t1s A

3Chem1ca1 P01son1ng o ffss }1f[?s»f”xf' fs‘fjllis

'fShlgellosis

‘QJSalmone11081s
1 :V1ral Gastroenteritls :::1_>
v.s;Typh01d : |

‘wf_Toxlgenlc EL 1; Gastroenterltls‘._s-

CHOH NN W ey o

'%s.am:ﬁ1obacter,Gastroenter1tis «}f"u”

lnfyﬁiiaafifﬂisf“sih}

i *Fr6m~: US EPA, 1983.- “Assessment of Mlcroblology and Tur-vﬂ o

- "bidity sStandards for Drlnklng Water“ Proc. of Workshop
fs— (NTIS A EPA 570 9~83~001). i - - SRR
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mables.

Etlology of V. I Waterborne Bacter1a1 Diseases
' Acqulred Through the Resplratory Tract

: 35C11nlca1 Lfef;? '-:”_fcaﬁéativé S Other P0331b1e

eE'Dlsease; A f--vOrganiSm e Entry Routes..

i 'Upper Resplratory Infectlons

Pharyngltls f'i' tregtococcus:f'
__n;- (group A) -

LarYngitis.Fyf ‘ Qstregtococcusi :
. (children). .-~ pneumoniae
... .. streptococcus
- (group A) = -
~*§§gghx;gcoccuS"“

: aureus‘;

i enterlc bac1111;
‘ erram-negatlve '

lﬂﬂﬁsacterial Pneumonlas

Other bacter1a1 j».StrégtOcddcus"
 pneumonias -~  'pyogenes . .
3 R T e T taphyloccuS':,!
o aureus
~ Klebsiella
-a'"pneumoniae-

 Legionnaires' rﬁLeglonella '7*.hqer-_‘Unkn0Wﬁfu_,.g~‘

~disease = . gneumonghlla




v'::"Atyplcal .

%eTébie 6 Con’t

© Clinical = - Causatlve :
.Disease3’ I SRV Organlsmve#

T Possible

“.5'EntIY”Routeéf:e

”ejStreptococcal Dlseases

v;Q:A. Strep (sore) ”_ Streptococcus'; e

throat

gyogenes

Scarlet fever ‘iﬂ} Stregtococcus o

': Qyogenes

f”fC Sequelae of group 51 ‘f evfif[7:ﬁa

"A" strep’ 1nfec-

“tions: . S R
Rheumatlc Fever j  ;-,“¥"..;'
Acute hemorrhaglc s e

glomerulonephrl—-; R
t1s S P

tTuberculos1s. ““'

L Tuberculoslsf' o

oM ycebacteriuﬁgjwfﬁewff‘ﬁtypiééiw O R
- spp. (not M. -~ - . mycobacteria . - -
1;]tubercu1031s){[n*;'i,;-',, ST e

B L E A




Waterborne Gastr01ntest1nal Pathoqens
(See Table 7., for etlology)

" Salmonella (Salmonellos1s)

Thehoenusf Salmonella occurs 1n the feces of*man aﬁai“

7€'a number of blrds and anlmals.f It 1s normally spread v1a?ffu'

1~;fwater=or=food contamlnatlon. The organlsm prefers nutrlent

blrlch medla and temperatures of 1ess than 40°C Whlle there‘

'fi°'are several hundred serotYPeS known only some 20-30 afepv

"*common and of those only about 13 15 normally cause dlseasep
'71n~_humans.:- The "Typh01d Fever" organlsm S. yphi is. the-v

’"fonly Species dlsease-spe01f1c for,manr

Salmone11031s (Includlng typh01d)

rAt one tlme over 1800 serotypes of Salmonella were pCOn—f

: 351dered ,separate spec1es._ Now thls has been reduced tof
V{about 200 and probably soon thlS w111 reduce to one or two7"'

’1”‘serologlca11y hlghly dlverse" spec1es."th11e only S.

rftzphi_vis. spe01f1c for many humans, perhaps most of theujp'

'iothers, are pathogenlc to some degree.

Gastroenterltls .sb the generlc term for Salmonella'ﬂ'

”'ffood p0131on1ng. o Varlous Salmonella spec1es may be fn-'"

ffvolved -and the source 1s usually water or food In manyr”

’_fcases contamlnatlon comes from av non symptomatlc person.-‘V

"?("the carrler") or from the an1mal whlch produced the food,:7
Mffas often occurs w1th eggs.‘i, Salmonelllds were found 1n af

'“well on,st_ Cr01x durlng a prev1ous study (Canoy,' Knudsen-,

BT



Etlology of: V.I._Waterborne

Table 7,_ji”;&;:f

Bacterla o

';,Acqu1red Through the Allmentary Tract

‘7c11n1ca1

.-~ -Causitive 't“
*-jOrganiSm,_‘

Other P0851b1e
Entry Routes

:1Acute Gastr01ntest1na1 fl

“'{Infectlonsv-
ffSa;mbhelleiSfT"

u’shigélioSis'f7“7
(bacillary

. 1 dysentery)

-_.Gastroenterltls

3 fSélmdﬁellavSPp;f ‘ L
- (many sterotypes) -

.‘;*§h19§ll§f$PP§v

”,_ Enteropathogen1c"
T E* coli '

i  Campz1oba er S

| }  ergs1n1a REOes
Lo e nterocol t1ca o

"izBac111us cer e s

Epldemxc dlarrhea e
nurserles' e

Sexual R
Spp' R . gPlacental
© Waterz - -

_fEnteropathogenlcf‘ :

,fEscher1ch1a colng

"DiééaséSQCaﬁSéd bY‘Ihgééﬁioh Ofﬂéréformedjrdiih

Staphylococcal
intoxication

aureus enterotOxin f;




 Table 7.

~ Clinical  Causative  Other Possible
'ft»Disease':r...t=,:v<»e.~or9anismaiv: . Entry Routes -

'ijffInfectlous Systematlc Dlseases D

*»*bﬂTyph01d Fever hff {  §a1mone11a m'_;;;y
“ S tyohi

'15lﬂ$éimonélicéié[_,;.}f 'ﬂSaim6heI1a?spp_; ;

"ffSalmonella jf,ﬁ“ Salmonella chole;ae—
septlcemla ﬁvg., >kv* esuls ‘




’utand Garc1a, 1985) but were not deflnltely 1dent1f1ed durlng'ddin E

h‘tuthls study of water in. the Vlrgln Islands. s Due to 5';hékf'

'_generally hlgh number of Salmonella necessary to cause an-

:lvlnfectlon and the pr°bab111ty of belng masked" by otherffa

':fbacterla,.va{ lack of dlsease or. colony 1solates does‘,nct"'"

*fgﬁnecessarlly mean they are absent.“"

The genus Salmonella was 1solated from a cistern3fin _«f'

”,'St. Thomas' ‘in 1983 (Canoy and Knudsen, 1983) o ShOrtlyfff i

'.;thereafter a few 1solated cases of typh01d occurred on. 5t-1[='

‘JCrolx.;tvnd study of wells 1n the V. I.r 1n 1984 conflrmed;;

'=.Salmone11a spp,v from two wells on St John and one on st o

”fA;Cr01x.n_ In 1985, the 3rd largest U S. outbreak of typh01d.,f*”

':foccurred on St Cr01x totallng 66 cases hospltallzed

Con91der1ng the low level of §almgnella, even in knownif;fd:

-;contamlnated areas, detectlon 1s not easy 1n any case. To_“

“f7f1nd pos1t1ve 1dent1f1cat10n in- four 51tes was 1n 1tséifhf;};[ﬂj,?‘

.hcause for some concern.,_ No attempt was made to 1dent1fy-;fﬁi5i”

:diith‘ °r9an15ms» t°"SPecles, Wthh would have ';requlred-n-““*'

s:serology and/or 1mmuno—fluoro techniques presently beyond:f57:

| thet laboratory.:. Shl 6110818 is ian. 1ntest1nal dlseasefdf}

dfof varylng vseverlty ranglng from 31mp1e dysentary to;[idtfffjf;,‘

s ¢ch°1era 11ke symptoms. §h_9_lla, 8pec1es are respons1b1ei”"‘
°'*??£fﬁ about 30% of the'"summer dysentery outbreaks 1n the:ff =

"Vﬁfo S.:_ In the U S. and Europe §hlge1 a related fatalltlesﬂf'h’

e




eg?-fpercent

'.7are only about one percent - In troplcal araas w1th poor;"f.’p

”:health care, vfatalltles 1n epldemlcs may reach twenty.i

gglggg l__.:nd §hl9§llé _QE are not detectable uslng o

“nthe standard 1ndicator tests.' Only lactose _ fermentingd“f“'” '

”tibacteria are detected 1n standard water tests; and]except;’;i<“’

';for a. few genera these are non—pathogen1c.~n"9

,,.Escherlchla gl ’ Enteropathogenxc varletles (aéﬁté'_”
.'ﬁgastroentrltxs) _ | et %

wig.g;f‘éolifis‘a17norma1:inﬁabitant’ of the human colon.fa .

“7~fAsf such 1t has become the standard indlcator organlsmf"‘

“g:’for human fecal pollution. Many sc1entlsts now - crit1c1ze?*"

“fjthls on the bas1s that,:j“E -c011>1s_not-a-pathogen”~ EIng““*"

1;actua11ty about 0. 5 - 1. 0% of the. d"s;_ chlldrem under 5

f'; years “of age and 2 2 - 3. 8% of the chlldren in developingedfff :
‘q~fﬂ{countr1es are strlcken :w1th _% 0011 gastroenterltlsve(Wﬁon3ift?:"
o f?annual report, 1978). f The symptoms of the dlsease ate iéifﬁ_t

77{uprofuse watery dlarrhea;; w1th 11ttle mucous or blood, nau—ﬂiekdfif

‘ 'ﬁ,lsea, prostrat1on and dehydrat10n.» The organlsm apparentlyv“'ieb

L excretes an enterotoxln and also penetrates the colonlc'

'»eplthella.. Wlth the advent of mcdern antiblotlcs and 1n»257"

IR tervenous feedlng, the dzsease 1n the develOped countrlesv

"ﬁ*ifffﬁ become only an unpleasant nulsance. * In developingft




'“countrles, and 1n poverty areas of the U Se 1t lS a serﬂoss,‘;' ER AN

'-;5often fatal, dlsease of young chlldren.;,_f

-C'Tﬁet 1solat10n of hydrogen sulflde '(H S) roduc;ng -

f“'E,coll from wells (Canoyp‘ Knudsen1 GarCla: 19853 aﬁd Irﬂmttj

g»ipubllc drlnklng water (thls study) 1nd1cates a potentralg"

*fdpathogenlc jg; coll..; Due to the blochemlstry of ‘this

':fvarlety- 1t 1s not detected on standard conflrmed fecall'

r»};aproperly. ffpld

ticollform tests. { The presence of these bacterra 1n the_.
i water 1s, espe01a11y for 1nfants and ’medlcally cowpromrsed

»'patlents, of concern.,

'°°r Waterborne Dlsease and Env1ronmenta1 Health
. : Cons1derat10ns _ :

Potent1a1 dlSpersal routes forJWaterborned’pathogensf

':lnclude-..:,a' i -
- o ~Human vectors

dfPotable Water Dlstrlbutlon System dpi‘
| 'Water Transport Trucks

1’Sewage | :

'Anlmal‘vectors-gls

2 _LRai}in/Wi_n_d

Human vectors (as opposed to general sewage)‘ inciﬁde_{';

tpersons who handle food or water or those who dellberatelyi;_f"

rsplt or excrete 1nto and around c1sterns and wells.rf Thlsf
category also '1nc1udes persons 1n charge of ‘wellsgf,t

'rjfc1sterns, trucks, and barges who do not clean or close themjif:

o3



At thls t1me (1985) there is no satlsfactory eStimate ff
*r;as to the 1mportance of thls vector.”v In a, recent typho;d
'“tepldemlc, statements were made, but not substantlated, that ‘

) food handlers were the source., Other reports Sald that .

_feces dep051ted around or 1n the c1sterns were the .source- S

'f~d0rv blamed cross contamlnatlon between iwaterv and sewer._ c

"plpes.’ The 1mportance of th1s vector needs to be addressed?f

'%even though 1t 1s very tlme consumlng.

The potable water dlstrlbutlon system has been blamedf?f

’often for allow1ng cross—contamlnatlon w1th sewage._ Aga1n73f‘~"

7'there 1s no good estlmate of the magnltude of thlS problemoz

i»However 1n the present study s1x samples were taken along-;fﬁ-"

"h_hthe dlstrlbutlon 11ne.:, The closest sample to the storage_

':lfjtanks was number 262 in Subbase and had two . (2) potent1a1 nf?'bm

Vii;pathogens.u After thlS po1nt one~p1pe goes to Veteran s

ﬁ‘fDrlve West and one to Veteran s Drlve East and the town ofp R

dfCharlotte Amalle. The Veteran s Drlve-West sample (gﬁl)ni'V

.gjﬁhad nlne (9) pathogens, the East Veteran s Drlve (264) had"

(2) pathogens and (261) east of town (towards end of

7*11ne) had thlrteen (13) pathogens.,» Another sample,f;on;sa_~:”-:<*

:if;branch of the system,‘ ‘was: from the alrport and had elevenf
dfb(ll) potentlal pathogens._fﬁf S e

From the 11m1ted number of samples 1t appears that liﬂh'd

’r‘fact the farther from the storage and treatment 51te,,ftheyj f-"s"



'”{T’extremely fluorescent dye such as

"f,greater numbers of total bacterla and potentlal pathogens.-ﬂi""’”

_%Thls would 1mply some sort of cross contamlnatlon.__ﬂAss

'.l:crltlcal as thls factor 1s,‘a great deal of ‘1mPortance;,._‘,,

3shou1d ;;bé » placed -loﬁi' dete mlnlng vthe "1ocale.,”of“f'

'”j,contamlnatlon.-vfThls could be done 1n 100 samples -uslngf“:'”

'lboth bacterlal tests at varlous

_the SeWage. 11nes. It is possibled'that'area rtreatments"

-”iequipment_Vshouldfbe’lhstalled;Or other precautlons taken. :

01nts in the. llnes, and an'“f

Rhodamlne 5-1n3ectedv1ntofrv‘

& Water"tranSQOrt trucks ara-used~t0 deliver. drlnklng”":"

ivater to areas not served by the pUbllC d;strlbutlon SYS‘,:<

°'-‘tem;» -Some of these trucks are owned or- leased by the

';Hou51ng Authorlty ‘or- Publlc Works, however, -most- e."

'}prlvate contractors.’_ They all have a potent1a1 for conta-r"

;f,mlnation from polluted wells, publlc c1sterns,' or 111egal;‘

‘w1thdrawals":from the dxstrlbutlon system., Slnce there 1sf =

rno control on servxclng, cleansrng *or-»monltorlng,v'these

'=itrucks~ are potentlal hazards.:' The owners w111 not permlt:t,-hf’

‘.sampllng by prlvate researchers and so any evaluatlve study,'h
'f‘w111 have to have government backlng. Furthermore, becauseu"

o of the unique envrronment, any 51mp1e collform test would."

”lbe'-meanlngless. The tests required would be a Total Plateu:;,f-’

_fgCount plus -”some j otherl- 1ndlcator, perhaps ' feoal'd'

“}Strept gg Clostrldlg m, Aeromonas, or PseudOmonas.;‘-”x”



Sewage contamlnatlon has eften been blamed for loweredugp.

“7:gwater quallty 1n c1sterns,v wells,a and the publlc system.f~h

"hThe type and number of bacterla found 1n thls serles. of:g?h

'fstudles (Rhlneheart, .?t al, 1983-n Canoy,'-Knudseh’sand;:

h~“i¢Garc1a, 1985) ?:conflrm’ sewage contamlnatlon but do notfh'f*"

';“plnpolnt a 51ngle source of contamlnatlon.- There are three i

'5°*major potentlal sources~'cross contamlnatlon between water_:;t-

ﬁf,and sewage plpes,. surface and subsurface entry from septlcﬂle

":;'tanks, and} runoff carrylng surface wastes. : No factor1a1~

“;Vstudy has ever been done to evaluate these three routes. -

Anlmal vector§ 1nclude cattle, pets, w1ld blrds,_rats, :fyfff

‘x%mongooses:, and reptiles ior amphlblans.,y These 'anlmals’
dep051t feces faround poorly sealed wells »ahd'zcracked
.701sterns. At times not only the feces of smaller animals

. but smaller :anlmals themselves may enter dlrectlY“5into_»

& "open 01sterns or wells._‘

These o anlmals:Q.Carry”h.batheéenic=. §almonellas,’7:

e-Streptococcus 'and atyplcal tubercu1051s as well4 anj@,-y'

E variety of Aeromonas and Pseudomonas.‘

Raln ‘and’ w1nd play an unknowﬁ ‘rdle in carrying

i?”'pathogens.-' Floodlng and '3011 percolatlon of raih‘ canlt

carry pathogens:-lnto~wells and 01sterns.< Road dust 1s77
: ccnstantly‘;be1ng sw1r1ed up 1nto the air to be added;;tqw

~water foamites from wastes and sewage aerators as well as.

Ca37e



ddust borne' on upper w1nds from as far'fawaY“ asg-saharanp-,F

.,Afrlca., ThlS mlxture can then be ralned out on Water?lh

,:catchment surfaces locally'_ ‘h,
o CONCLUSIONS |
fThignvresearch has shown that the Prlvate -ané:'public

[potable water systems 1n the Vlrgln Islands are frequentlyv

"fcontamlnated w1th potentlally hazardous bacterla. .. In.  the

-present study, and two preceedlng efforts- 125 01sterns, 26-

. wells,:and 6 publlc water outlets were tested Even though”

o the;_tests were not. exhaustive for all possible pathogens

:7,onlj:twohwells, four'01sterns,band no,publ1c water outletspp
hlwere found to be free of the present EPA standard 1nd1cator
dbacterla.,” Thef.lmpllcatlons of thlS 1n terms' of ba51cf

human health and hlgh rlsk to 1nfants,- elderly, ,anaﬁ

,medlcally compromlsed persons are dramatlc. : Spec1al monleuj:
'torlng ’and prophylax1s for the hlgh rlsk groups are ‘a-

crltlcal need Furthermore the 1arge 1nflux of tourlsts

'*fand forelgn 1mm1grants in the' VeI, compllcate the water‘h:"

’ pathogen s1tuatlon by the 1ntroduct10n of-organlsms and by
-'provldlng fa 1arge moblle host ‘reserv01r because‘fthose
'»htravelersh?a ' from many areas where,-typhoid}f-ChOlerag

:}:yellow fever, and other .“exotlc pathOQens Stlll are t

d'rlactlve. When 1ntroduced here, tran51ents g01ng to the U S.

_p[malnland or Europe could eas11y transfer the dlsease before'ﬂa



"~1fit even 1dent1f1ed llke the controlled ‘outbreaks léfff

‘etyph01d 1n 1984 85. Thls would be nothlng short of anh;"h

':aeconomlc, as well as a publlc health, crlsls.__'.w

The majorlty °f the Pathogens found cause one of threewy;_ft*

‘“ﬁgeneral maladles-' 1) Skln or. wound septlcemla, 2)

'%Resplratory and Genlto-urlnary tract 1nfect10nsj (partlcu—__fﬂ'

"g:larly of women),v 3) Gastro-1ntest1na1 1nfectlons. | Less A

\ *scommon 'sa¥e : th i atYPlcal bacterlal v pneumonlasv; and

'*t“be‘°“1°31s-r These - bacterla are not. generally (but cann,uf PR

A-tbecome) prlmary Pathogens and so usually become crxtlcal 1n;,'f‘e

':.already weakened hosts or cause chronlc low ,level' _j“’

h';shffdebilitating dlseases.'”'ﬁ'

Current water standards-'i the V I._’ﬁéreﬂf'thoseg~

'rtfadeveloped 1n the U S. for a dlfferent geography, popula—:

:’“f'hftlon,?,and water system. Nelther the tests, monltorlng, o:;ﬁi;izt’w:'h
‘“eisilndicatOI OrQaNISmS appear approprlate to the 1oca1 81tua«ﬁl::'r"
i‘estlon.eb These are partlcularly questlonable 1n v1ew ‘of thei':y'j“
oﬁ.sidlverse sources: of water,_ dlssolved ‘organlcs, h heat,;sffjf.f

ifj*turbldlty, , and storage tlmes iof water.- Studles faré .

irﬁrequlred to prov1de data to develop more approprlate testsifl.' ey

'fggand to recommend to the 1awmakers more approprlate ‘locaih“

 “,fregulat1ons for water systems 1ncludlng wellsr tYUCkS' a”duﬁff.

!“zt-public 01sterns. 1 Strxct regulatlon of water, dlstrlbutlon‘;ﬁ,v'

f;and treatment, septlc tanks, and sewage is requ1red




1V1h;faddlt10n to the physical measures called for, a v"

‘a;fmaSSiée 7educat10na1 effort is necessary on. the part Cof

"_»schools, government,‘ and 01v1c organlzatlons to create an

'ffinformed and actlve publlc relatlve to water quallty._i_ai”
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| Table 8.

C1a551flcat10n of Medlcally Important Water f,t”‘?"
: Berne Bacterla Found 1n the»';;,: 1,”_ ’

: Classxflcatlon '

D:Lsease

A. Group' Gram~negat1ve rods,- R
: facultatlvely anaeroblcvfk

Famlly T, ENTEROBACTERIACEAE

"“Motlle or nonmot11e~

. entiate

fermentatlons and

antlgenlc propertleso'some

- commensalistic. in intestinal
tract with’ pathogenic poten— ;

~ tial for extraintestinal

- tissues; some are ‘pathogenic |

dlffer—  i

‘ ;gpara81tes acquired through- fft;;f;f*‘
~T.a11mentary route ‘ L IR I

B ;Genus I;[?“

'thénﬁs_IV£'

salﬁonéllé’,”'
'S. typhi:

- infants;

8. cholera-

prldemlc dlarrhea of e

L urinary tract. =

© and wound 1nfect10ns. e
V"turlsta",; o e

ﬁfnyph01d Fever,t"
7=S. enterltldlsg’g'

3Gastroenter1tls,
~para typhoid, and

- .enteric. fevers (many)y'j‘”-
,;varletles of thlS~
species may: cause

_these dlseases)

~Septicemia, multlplé

V'abcesses




| Table 8 Con't

' Classification -~ - .  Disease

“E";A; Group- Gram—negatlve rods, strlctly aeroblc _,!7

Famlly I PSEUDOMONADACEAE-;}g}fﬁgVTV

Genus I-‘ Pseudomonas e ‘ ’ ; PR
. i aerugln =;H;' Burn, wound and sys- ¥
R tematlc 1nfectlons

B. Group~ Gram—negatlve rods,~"
facultatlvely anaerob1c

'7Fam11y I. Enterobacterlaceae
' Motlle or nonmotile dlfferentlated

by carbohydrate fermentations and -
*antlgenlc properties; some commen-fj

'7§“sa11stlc in intestinal tract with

"1_»QGenuS*IV§ECSéiﬁbuelias

~pathogenic potential for extra- L
‘intestinal tissues; some are path-3 s
. -ogenic para51tes acqulred through
_allmentary route ‘ . :

Genus I: ?Escherlchla ... ... Epidemic diarrhea of:
: L E& coll _-,'v ~~ infants; urinary" tract
e o o o and wound 1nfect10ns-”
T Fturlsta"' '

8. typhi fa»fiffgj[fffnyph01d fever : :
~[§_s& enter1t1d1s e Gastroenterltls, para-,*
: : < ... typhoid, and enteric

- fevers: (many var1et1es-; L

- of this species may
oo e i cause these diseases)
ﬁ,g;;cholera—suis;ﬂ]ugj“; Septicemia, multiple
Lo R i*,abscesses _

:*GenuSPV::'QShlgella S. :
EEE rﬂ-f §4 bovdl, flegueri;;v}g“Severe dlarrhelc
S. sonnera.{”w~j,mufj}vdlsease o

jGenus.VI{"‘Kleb81e11a _.:A5“,v. S RO

AT T K& pneumonlae -f;g]v,Pneumonla S R
-7 Urinary’ tract 1nfec— o

"\;tlons L S

-AP 3-



 mable 8 Con't

Disease

Enterobacter

,zE cloacae.
aerogenes

':_Génusijx;“

"E agglgmgransfffﬂff
- {(see E;wigavg:'”'

' Genus XII in -
- family Entero-
Uctbactetlaceae)

_GendéLIXffVSerrat1a : o
B SIS - 1A marcesceng
ngroteus

P, vulgaris“ -
'Vj_& mirab11 ce

~ Genus X:

iGenuS"xitf'Yers1n1a~

”_“Genus.XIIfJErw1na e
o ... E, herbicola = . -

gff(a ‘plant patho= -

-~ gen) also class-

kfllfled as Entero- =
ﬁbacter _gglomeransme}_c

' Famlly II VIBRIONACEAE

' Genus II: Aeromonas

fGenera of Uncertaln Famlly

Genus ' Leglonella o

gneumﬂgﬁlia

r Y enterocolltlca ;

Vlbrlo (curved rods)v”]:

Normal intestinal tract,
- -may cause urlnary tract
'1nfections :
'Has caused systematlc
1»1nfect10n when intro-
~ duced in contaminated:
*“solutlons 1n3ected in-
'Jtravenously

Urlnary and resplratory.i
-tract 1nfect10ns b S

:Urlnary tract and woundc~c

~infections; infant
, dlarrhea B

"Intestinal tract of S
animals and humans, may”-T,'
. -cause: dlarrhea, - L
" . mesenteric’ 1ymphaden1- ~

tis, abscesses, menln- =

'letls

fHas caused systemlc
" infection when intro-

duced in- contamlnated f”

. solutions injected

1ntravenously. S

Marlne env1ronment, o
seafoods, may cause .

- acute enterltls PRt

}Assoc1ated with sys—'

- temic and ;ntestlnal S
‘~'1nfect10ns.f.* o

Leg1onna1re s dlsease
(mild to severe pneumo—e

.;”:;_ : _5Q'nﬂn1a)
- -AP 4=



 Table 8 Con't -

- Classification '~ Disease -

1 .C, Group: Gram-positive cocci,
~ aerobic and/or- facultatlvely T
--fanaeroblc, some strlctly
{_anaeroblc R :

-Famly I. MICROCOCCACEAE ' .
. . Arranged in clusters or pack—? SR
~ ‘ets, saprophytic or paraslth,7f'1',_v;
- identified by coagulase, hemo- -~ = =
- lysin, and pigment production

' Genus II: Staphylococcus - e
e R s§;fg§ré&s;;*,_e¢j*~ Skln abscesses, impetigo.

“wound infections, pneumo-

L]&nla and other systemic .
~infections, enterotoxin-
_ producing strains cause
- food p01soning, exfoll—’]
- ...ative toxin causes .
~"scalded skin". syndrome
-+ infants, other toxins
.ff cause togxic shock syn-
A N , .. . drome -
8. epidermidis - Normal commensal of skln )
O BT . . 'but may cause local or -
- systemic infections if
.introduced by contaml-*-»,_
”-Knated sutures or 1nstru—'¥
= i e S iments :
'~_S aprophytlcus i A58001ated with urlnary
B R L ‘tract infection 1n
young women




. Table 8 Con't .

fc1as;ification];v"'

' Diseaﬁé Lo

"‘7¥Fam11y I1. STREPTOCOCCACEAE

 gChang1ng c0001,.commensallst1¢ '
"and/or pathogenlc‘*

',jGengs>I; '§treptococcus
i ) - 1P pneumonlae

 _§&‘gyogenes..f 
~ (usually beta-
~hemolytic) =

faecalls
(“enterococc1“)

b0v1s o

.!U! 4

gy agaiaétiaé“w

Vlrldans group
(alpha hemolyt1c~

 species that pro- _.f-

duce greening of
- blood agar); in-

~ cludes follow1ng,‘_

species: .
S. mitis

- S. salvarius
 S. mutans

S. equismilis

‘ Pneumon1a, other sys~'

temlc 1nfect10ns

Scarlet fever, scre:f;

,throat, erysipelas,
“impetigo, postpartum .
endometritis, wound
‘and burn 1nfect10ns,
and other serious
‘diseases

f-Normal intestinal tract,

g;sometlmes cause res-

~piratory and urinary
tract infections, ,
‘infective endocarditls

__]Intestlnal tract of cows,v  '"

-and- other animals,
causes ‘human - endocarw
dltlS )

"ZMastltls in cows, in L
. humans, neonatal sep- .
‘ticima and meningitis . -

~ (infected mothers may
also have serious
L systematlc disease)

' Normal respiratory: tract,': ?f 7

chronic mucosal in=. -
fections; 1nfect1ve
endocardltls

;Normal resplratory tracttf'f'_
may cause endocardltls,,' 

dental caries’

N ;Same as above
Major cause of dental

caries; may cause
_ endocarditis

'?.'Impetlgo, pharyngltls

-ape-



