
This	  presenta,on	  will	  cover	  the	  current	  trends	  and	  gaps	  in	  knowledge	  of	  the	  
incidence	  of	  recrea,onal	  waterborne	  viral	  diseases.	  	  The	  presenta,on	  also	  addresses	  
the	  lack	  of	  an	  appropriate	  viral	  indicator	  organism	  and	  offers	  poten,al	  indicators	  
which	  correlate	  with	  the	  presence	  of	  viruses.	  	  	  
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The	  current	  published	  literature	  would	  suggest	  that	  the	  major	  e,ology	  of	  
recrea,onal	  water-‐based	  diseases	  are	  bacterial	  and	  protozoan	  based.	  	  This	  can	  be	  
especially	  illustrated	  in	  publica,ons	  focusing	  on	  various	  protozoa	  which	  are	  are	  
resistant	  to	  chlorina,on	  and	  have	  low	  infec,ous	  doses	  in	  humans	  (Sinclair,	  Jones,	  and	  
Gerba,	  2009).	  	  Unfortunately,	  it	  is	  believed	  that	  viruses	  are	  also	  a	  significant	  cause	  of	  
recrea,onal	  water-‐based	  diseases.	  	  Due	  to	  the	  low	  infec,ous	  dose,	  lack	  of	  culture-‐
based	  detec,on	  methods,	  and	  only	  indirect	  disease	  surveillance	  systems	  for	  
recrea,onal	  water,	  there	  is	  a	  lack	  of	  knowledge	  of	  the	  actual	  disease	  incidence	  from	  
viruses	  in	  recrea,onal	  water.	  	  
In	  the	  Unites	  States,	  the	  surveillance	  of	  recrea,onal	  waterborne	  outbreaks	  is	  
performed	  by	  the	  U.S.	  Environmental	  Protec,on	  Agency	  (EPA),	  the	  Council	  of	  State	  
and	  Territorial	  Epidemiologists,	  and	  the	  Centers	  for	  Disease	  Control	  (CDC).	  The	  state	  
and	  local	  public	  health	  departments	  are	  responsible	  for	  inves,ga,ng	  and	  repor,ng	  
outbreaks	  to	  CDC,	  so	  while	  surveillance	  systems	  are	  in	  place,	  they	  are	  passive	  
systems	  which	  rely	  on	  the	  local	  inves,ga,ng	  agencies	  to	  recognize	  the	  occurrence	  of	  
an	  outbreak,	  iden,fy	  the	  source,	  and	  report	  the	  findings	  to	  the	  CDC.	  	  The	  challenges	  
involved	  in	  iden,fying	  and	  detec,ng	  viruses	  result	  in	  minimal	  surveillance	  data	  (EPA,	  
2009).	  	  This	  lack	  of	  knowledge	  is	  compounded	  by	  the	  absence	  of	  an	  appropriate	  viral	  
indicator	  organism	  in	  the	  current	  prac,ces	  used	  to	  determine	  water	  quality	  and	  
safety	  (Sinclair,	  Jones,	  and	  Gerba,	  2009).	  	  	  	  
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In	  the	  depicted	  line	  graph,	  it	  can	  be	  seen	  that	  the	  percentage	  of	  virus-‐related	  
recrea,onal	  waterborne	  disease	  outbreaks	  has	  increased	  from	  1989	  to	  2002.	  	  The	  
graph,	  which	  was	  adapted	  from	  Sinclair,	  Jones,	  and	  Gerba	  (2009)	  as	  well	  as	  
informa,on	  from	  WHO	  (2011),	  indicates	  that	  the	  increase	  in	  viral-‐based	  outbreaks	  
has	  not	  occurred	  steadily.	  	  This	  increasing	  trend	  may	  indicate	  a	  rise	  in	  viral-‐borne	  
diseases,	  which	  may	  be	  the	  case	  due	  to	  increased	  popularity	  of	  group-‐based	  water	  
ac,vi,es	  including	  all-‐inclusive	  resorts,	  cruise	  ships,	  and	  water	  parks,	  or	  an	  increase	  
in	  detec,on	  of	  viruses	  due	  to	  the	  CDC’s	  inclusion	  of	  RT-‐PCR	  techniques	  in	  their	  
surveillance	  laboratories.	  	  The	  inclusion	  of	  RT-‐PCR	  techniques	  began	  in	  1993	  and	  has	  
lead	  to	  the	  detec,on	  of	  many	  viruses,	  including	  Norovirus	  in	  numerous	  outbreaks	  
(CDC,	  2003).	  	  	  
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The	  pie	  chart	  shows	  that	  forty-‐six	  percent	  of	  all	  enteric	  virus-‐based	  outbreaks	  of	  
known	  e,ology	  were	  associated	  with	  noroviruses.	  	  A	  total	  of	  55	  outbreaks	  have	  been	  
iden,fied	  and	  inves,gated	  since	  1989	  and	  with	  noroviruses	  being	  associated	  with	  25	  
of	  these	  outbreaks,	  this	  agent	  represents	  an	  important	  disease	  agent	  in	  recrea,onal	  
waters.	  This	  trend	  is	  understandable	  since	  it	  is	  es,mated	  that	  noroviruses	  cause	  23	  
million	  cases	  of	  food-‐	  and	  water-‐borne	  illness	  per	  year	  in	  U.S.	  (Podewils	  et	  al.,	  2007).	  	  
The	  second	  most	  prevalent	  e,ological	  agent	  was	  found	  to	  be	  adenovirus,	  which	  was	  
associated	  with	  13	  outbreaks.	  Ten	  outbreaks	  were	  associated	  with	  echoviruses.	  
Hepa,,s	  A	  virus	  was	  responsible	  for	  4	  outbreaks	  and	  coxsackieviruses	  caused	  3	  of	  
the	  55	  outbreaks	  (Sinclair,	  Jones,	  Gerba,	  2009).	  
The	  represented	  data	  only	  includes	  outbreaks	  where	  the	  disease	  e,ology	  was	  
inves,gated	  and	  determined.	  	  Therefore,	  this	  data	  is	  not	  believed	  to	  be	  completely	  
representa,ve	  of	  all	  viral-‐borne	  recrea,onal	  water	  illnesses	  due	  to	  the	  expected	  
underrepor,ng	  associated	  with	  the	  data.	  
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Enteric	  viruses	  are	  associated	  with	  a	  wide	  range	  of	  diseases	  in	  humans,	  including	  
respiratory,	  ocular,	  and	  gastrointes,nal	  illnesses.	  	  The	  at-‐risk	  groups	  for	  increased	  
incidence	  of	  enteric	  viral	  diseases	  include	  children,	  the	  elderly,	  and	  the	  
immunocompromised	  (Griffin	  et	  al.,	  2003).	  	  The	  increased	  incidence	  in	  the	  young	  will	  
be	  covered	  more	  in-‐depth	  later	  in	  the	  presenta,on.	  	  	  
	  
The	  common	  disease	  symptom	  associated	  with	  enteric	  viruses	  is	  diarrhea,	  which	  has	  
two	  major	  consequences.	  	  Firstly,	  the	  onset	  of	  diarrhea	  does	  not	  usually	  cause	  people	  
to	  seek	  medical	  a`en,on	  unless	  there	  is	  a	  pre-‐exis,ng	  underlying	  condi,on.	  	  This	  
leads	  to	  an	  underrepor,ng	  of	  disease	  incidence	  and	  outbreaks.	  	  Secondly,	  the	  viral	  
agents	  oaen	  replicate	  in	  the	  intes,nal	  tract	  and	  are	  then	  “shed”	  from	  the	  body	  
through	  feces.	  	  This	  shedding	  process	  can	  occur	  for	  weeks,	  further	  spreading	  the	  
illness	  within	  households	  through	  personal	  and	  formite	  contact.	  	  Viral	  shedding	  
through	  feces	  can	  reach	  concentra,ons	  of	  1010	  viruses/gram,	  but	  on	  average	  occurs	  
at	  106	  viruses/gram	  (Griffin	  et	  al.,	  2003).	  	  	  
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Twenty-‐seven	  of	  the	  55	  inves,gated	  outbreaks	  occurred	  in	  swimming	  pools	  and	  22	  
outbreaks	  were	  associated	  with	  lakes	  and	  ponds.	  	  Two	  outbreaks	  were	  associated	  
with	  each	  rivers,	  hotsprings,	  and	  recrea,onal	  fountains	  (Sinclair,	  Jones,	  and	  Gerba,	  
2009).	  
It	  must	  be	  noted	  that	  as	  the	  case	  with	  the	  disease	  e,ology	  data,	  this	  is	  not	  believed	  
to	  be	  a	  true	  representa,on	  of	  disease	  incidence	  due	  to	  underrepor,ng.	  	  A	  further	  
compounding	  factor	  is	  that	  diseases	  associated	  with	  swimming	  pools	  are	  more	  likely	  
to	  be	  reported.	  	  This	  is	  because	  they	  oaen	  represent	  a	  specific	  popula,on	  of	  those	  
who	  a`ended	  the	  specific	  pool,	  as	  well	  as	  defined	  groups	  such	  as	  swim	  teams	  where	  
there	  is	  communica,on	  between	  the	  team	  members.	  	  	  
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Norovirus	  is	  highly	  contagious	  and	  only	  spreads	  through	  food,	  water,	  formite,	  and	  
person-‐to-‐person	  contact	  since	  there	  is	  no	  known	  reservoir	  of	  the	  human	  strain	  of	  
the	  virus.	  	  The	  virus	  mostly	  commonly	  causes	  vomi,ng	  and	  diarrhea	  within	  10-‐20	  
hours	  aaer	  exposure.	  	  This	  ac,on	  aerosolizes	  the	  virus	  par,cles	  through	  vomit	  or	  
spreads	  the	  virus	  through	  fecal	  shedding,	  causing	  the	  illness	  to	  quickly	  spread.	  	  	  	  	  
The	  resistance	  of	  Norovirus	  to	  chlorina,on	  is	  debated	  in	  the	  literature,	  but	  the	  virus	  
tends	  to	  be	  more	  associated	  with	  untreated	  freshwater	  including	  lakes.	  
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A	  retrospec,ve	  cohort	  study	  was	  performed	  by	  the	  Vermont	  Department	  of	  Health	  
to	  determine	  the	  causa,ve	  agent	  of	  reported	  cases	  of	  acute	  gastroenteri,s.	  	  Reports	  
of	  the	  gastroenteri,s	  were	  received	  by	  the	  Department	  of	  Health	  and	  from	  the	  ini,al	  
ques,oning	  performed	  on	  February	  3rd,	  2004,	  it	  was	  found	  that	  a	  common	  swimming	  
facility	  was	  visited	  by	  many	  of	  the	  ill.	  	  The	  inves,ga,ng	  team	  ques,oned	  189	  people	  
who	  had	  visited	  the	  swimming	  pool	  between	  January	  30	  and	  February	  2.	  	  The	  team	  
found	  that	  53	  (28%)	  of	  the	  pool’s	  visitors	  had	  vomi,ng	  or	  diarrheal	  symptoms	  within	  
72	  hours	  of	  being	  at	  the	  pool.	  	  There	  were	  5	  posi,ve	  specimens	  for	  norovirus,	  three	  
of	  which	  were	  iden,cal	  sequences.	  	  The	  cause	  of	  the	  outbreak	  was	  determined	  to	  be	  
insufficient	  chlorina,on	  and	  inadequate	  maintenance	  of	  the	  facility	  (Podewils	  et	  al.,	  
2007).	  
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Adenoviruses	  differ	  from	  the	  other	  viral	  agents	  presented	  here	  in	  that	  the	  gene,c	  
code	  is	  DNA-‐based	  rather	  than	  RNA-‐based.	  	  This	  allows	  the	  iden,fica,on	  of	  the	  virus	  
through	  standard	  PCR,	  rather	  than	  RT-‐PCR	  which	  is	  more	  costly.	  	  The	  first	  outbreak	  
appeared	  in	  1953,	  where	  viral	  pharyngoconjunc,val	  fever	  was	  reported	  to	  have	  
spread	  from	  a	  common	  swimming	  area.	  	  Since	  this	  ,me,	  13	  other	  outbreaks	  have	  
been	  iden,fied.	  	  The	  adenovirus	  can	  be	  associated	  with	  gastroenteri,s	  symptoms,	  
but	  only	  2	  of	  the	  48	  serotypes	  cause	  this	  disease	  manifesta,on.	  	  Therefore,	  it	  is	  far	  
more	  common	  to	  see	  recrea,onal	  water-‐based	  adenovirus	  outbreaks	  result	  in	  
pharyngoconjunc,val	  fever	  symptoms	  (WHO,	  2011).	  	  	  	  

9	  



Adenovirus	  is	  oaen	  linked	  to	  inadequately	  chlorinated	  swimming	  pools.	  	  This	  is	  due	  
to	  the	  virus’	  resistance	  to	  chlorina,on.	  	  The	  virus	  is	  able	  to	  survive	  in	  properly	  
chlorinated	  pools,	  but	  is	  able	  to	  thrive	  in	  less	  maintained	  pool	  facili,es	  causing	  
outbreaks	  (Sinclair,	  Jones,	  and	  Gerba,	  2009).	  	  There	  may	  be	  a	  possible	  decrease	  in	  the	  
incidence	  of	  adenovirus,	  with	  only	  4	  outbreaks	  occurring	  since	  1980.	  	  Despite	  lower	  
incidence	  of	  the	  virus,	  the	  majority	  of	  cases	  from	  the	  gastroenteri,s	  serotypes	  affect	  
children	  more	  than	  any	  other	  group,	  with	  many	  outbreaks	  associated	  with	  swim	  
teams.	  	  	  
Adenoviruses	  also	  differ	  from	  the	  other	  viral	  agents	  being	  covered	  in	  that	  they	  have	  a	  
higher	  prevalence	  in	  the	  autumn	  season	  as	  opposed	  to	  just	  the	  summer	  months	  
(WHO,	  2011).	  	  In	  the	  autumn	  months,	  three	  swimming	  pools	  were	  tested	  for	  
adenovirus,	  of	  the	  two	  indoor	  pools	  as	  well	  as	  the	  outdoor	  pool	  each	  had	  posi,ves	  of	  
adenovirus	  (van	  Heerden,	  Ehlers	  and	  Grabow,	  2005)	  
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Several	  studies	  have	  shown	  that	  echovirus	  may	  cause	  sporadic	  cases	  or	  small	  
outbreaks	  of	  severe	  or	  fatal	  encephali,s	  in	  otherwise	  healthy	  children.	  Echovirus	  7	  
was	  reported	  as	  the	  predominant	  virus	  isolated	  from	  26	  clinically	  diagnosed	  cases	  of	  
encephali,s	  in	  Pondicherry,	  India.	  Several	  of	  these	  cases	  died	  within	  a	  few	  hours	  of	  
admission	  but	  no	  further	  clinical	  details	  were	  available.	  Fatal	  echovirus	  7	  infec,on	  
has	  been	  reported	  in	  infants	  during	  outbreaks	  in	  special	  care	  nurseries	  (WHO,	  2011).	  	  
Echovirus	  and	  other	  enteroviruses	  account	  for	  30	  million	  infec,ons	  in	  the	  United	  
States	  each	  year	  (WHO,	  2004).	  It	  has	  been	  suggested	  that	  the	  high	  prevalence	  of	  
echovirus	  13,	  which	  manifests	  as	  meningi,s,	  may	  indicate	  this	  virus	  has	  the	  poten,al	  
to	  act	  as	  an	  emerging	  type.	  	  	  Furthermore,	  many	  echovirus	  infec,ons	  are	  
asymptoma,c	  (approximately	  43%)	  therefore	  it	  is	  difficult	  to	  determine	  the	  true	  
incidence	  of	  infec,on	  (WHO,	  2011)	  
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Three	  outbreaks	  of	  recrea,onal	  water-‐borne	  coxsackievirus	  were	  iden,fied.	  Two	  of	  
the	  outbreaks	  took	  place	  over	  30	  years	  ago	  and	  one	  in	  2004.	  The	  first	  occurred	  in	  
1972	  in	  Vermont	  at	  a	  boys’	  summer	  camp	  and	  the	  second	  occurred	  in	  France	  in	  1974.	  
Both	  outbreaks	  were	  caused	  by	  polluted	  freshwater	  lakes	  where	  children	  swam.	  A	  
recent	  outbreak	  was	  reported	  from	  21	  persons	  returning	  from	  a	  school-‐organized	  trip	  
to	  Mexico.	  The	  onset	  suggested	  a	  point	  source	  exposure	  likely	  from	  swimming	  in	  
sewage-‐contaminated	  water	  (Sinclair,	  Jones,	  Gerba,	  2009).	  	  	  
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Four	  outbreaks	  of	  recrea,onal	  water	  based	  hepa,,s	  A	  have	  occurred	  at	  a	  rate	  of	  one	  
per	  decade	  since	  the	  1960’s.	  The	  earliest	  report	  was	  from	  an	  outbreak	  in	  1969	  in	  
South	  Carolina	  affec,ng	  14	  people,	  and	  the	  most	  recent	  outbreak	  took	  place	  in	  
Australia	  in	  1997	  and	  affected	  six	  people.	  The	  rela,ve	  morbidity	  contributed	  by	  these	  
four	  outbreaks	  is	  low	  (96	  cases)	  (Sinclair,	  Jones,	  and	  Gerba,	  2009).	  	  Hepa,,s	  E	  is	  
excreted	  through	  feces	  as	  well	  as	  urine	  and	  contributes	  a	  majority	  of	  viral	  
propor,ons	  found	  in	  sewage.	  	  Despite	  this,	  no	  reports	  of	  recrea,onal	  water	  based	  
illness	  are	  reported	  (WHO,	  2011).	  	  	  
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A	  Hawaiian	  water	  quality	  study	  found	  that	  8%	  of	  beach	  samples	  were	  posi,ve	  for	  
enteroviruses	  with	  concentra,ons	  ranging	  from	  3.7-‐10	  viruses/100	  L.	  Concentra,ons	  
were	  on	  average	  3.7	  PFU/100	  liters,	  with	  the	  highest	  level	  detected	  at	  10	  PFU/100	  
liters.	  This	  study	  suggested	  the	  viral	  pollu,on	  was	  origina,ng	  from	  a	  wastewater	  
oukall	  that	  received	  only	  primary	  treatment.	  This	  work	  led	  to	  recommenda,ons	  that	  
be`er	  sewage	  treatment	  be	  implemented.	  	  
	  
Extensive	  studies	  in	  Florida	  have	  shown	  that	  enteroviruses	  and	  Hepa,ts	  A	  can	  be	  
rou,nely	  detected	  in	  near	  shore	  marine	  environments.	  In	  Charlo`e	  Harbor	  on	  the	  
Gulf	  Coast	  of	  Florida,	  enteroviruses	  were	  detected	  in	  75%	  of	  the	  sites	  screened.	  In	  
Sarasota,	  Fla.,	  just	  north	  of	  Charlo`e	  Harbor,	  enteroviruses	  were	  detected	  in	  81%	  of	  
the	  samples.	  Their	  presence	  was	  a`ributed	  to	  the	  high	  density	  of	  sep,c	  tanks	  in	  this	  
coastal	  community	  (Griffin	  et	  al.,	  2003).	  
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Extensive	  residen,al	  development	  in	  the	  Florida	  Keys,	  without	  the	  development	  of	  
municipal	  wastewater	  treatment	  and	  disposal	  systems,	  has	  led	  to	  the	  majority	  of	  
canal	  front	  homes	  using	  sep,c	  tanks	  for	  waste	  disposal.	  In	  these	  canals	  and	  in	  near	  
shore	  water	  sites	  of	  the	  Florida	  Keys,	  79%	  of	  sample	  sites	  were	  posi,ve	  for	  
enteroviruses,	  63%	  were	  posi,ve	  for	  Hepa,,s	  A,	  and	  11%	  were	  posi,ve	  for	  Norwalk	  
when	  screened	  for	  RT-‐PCR	  (Griffin	  et	  al.,	  2003).	  	  	  
Municipal	  swimming	  pools	  and	  wading	  pools	  in	  Houston,	  Texas	  were	  examined	  for	  
the	  presence	  of	  human	  enteric	  viruses	  using	  a	  portable	  virus	  concentrator	  at	  the	  site	  
to	  concentrate	  viruses	  from	  100-‐gallon	  to	  500-‐gallon	  samples.	  Ten	  of	  14	  samples	  
contained	  viruses;	  three	  of	  these	  were	  posi,ve	  for	  virus	  in	  the	  presence	  of	  residual	  
free	  chlorine.	  Enteroviruses	  were	  isolated	  from	  two	  pools	  which	  exceeded	  the	  0.4	  
ppm	  free	  residual	  chlorine	  standard.	  This	  study	  appears	  to	  be	  suppor,ve	  of	  recent	  
evidence	  that	  indicates	  a	  higher	  incidence	  of	  enterovirus	  infec,on	  among	  bathers.	  All	  
seven	  wading	  pool	  samples	  contained	  virus.	  Total	  coliform	  bacteria	  were	  not	  
adequate	  indicators	  of	  the	  presence	  of	  virus,	  as	  six	  of	  the	  samples	  were	  posi,ve	  for	  
virus	  but	  nega,ve	  for	  coliforms	  (Keswick,	  Gerba,	  and	  Goyal,	  1981).	  	  
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E.	  coli	  is	  the	  most	  common	  and	  typical	  indicator	  organism	  used	  for	  detec,on	  of	  fecal	  
contamina,on	  in	  water.	  	  The	  bacteria	  is	  easy	  to	  iden,fy	  through	  cultural	  methods,	  
whichare	  fast	  and	  cheap	  and	  many	  strains	  are	  non-‐pathogenic.	  	  The	  pathogen	  also	  
grows	  quickly,	  so	  will	  be	  seen	  at	  higher	  concentra,ons	  than	  most	  other	  fecal	  
pathogens.	  	  Unfortunately,	  there	  is	  not	  a	  direct	  correla,on	  between	  the	  presence	  of	  
E.	  coli	  	  and	  human	  waste	  contamina,on.	  	  Furthermore,	  the	  presence	  of	  E.	  coli	  does	  
not	  always	  correlate	  with	  the	  occurrence	  of	  fecal	  contamina,on	  (Maier,	  Pepper,	  and	  
Gerba,	  2009).	  

16	  



Enterococcus	  spp.	  are	  also	  included	  as	  fecal	  contamina,on	  indicator	  organisms	  for	  
their	  ability	  to	  survive	  in	  marine	  environments.	  	  This	  indicator	  does	  not	  need	  to	  be	  
tested	  for	  in	  freshwater	  condi,ons.	  	  Unfortunately,	  the	  bacterium	  does	  not	  persist	  in	  
the	  environment	  for	  very	  long,	  so	  a	  false	  nega,ve	  test	  may	  result	  if	  the	  sampling	  is	  
done	  long	  aaer	  the	  contamina,on	  event	  has	  occurred	  in	  the	  water	  system	  (Maier,	  
Pepper,	  Gerba,	  2009).	  
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B.	  fragilis	  produces	  a	  bacteriophage	  which	  can	  be	  used	  as	  an	  indicator	  for	  virus	  
presence	  in	  recrea,onal	  waters.	  	  The	  bacteriophage	  is	  more	  concentrated	  in	  
presence	  of	  sewage	  than	  enteroviruse	  with72%	  posi,ve	  samples	  for	  the	  
bacteriophage	  and	  56%	  posi,ve	  enterovirus	  samples	  from	  water	  and	  sediment.	  	  
Furthermore,	  the	  bacterium	  is	  only	  associated	  with	  the	  intes,nal	  tract	  of	  humans,	  
which	  is	  important	  in	  the	  case	  of	  virus	  detec,on	  since	  viruses	  are	  very	  host	  specific,	  
there	  is	  no	  reason	  to	  cause	  alarm	  over	  a	  non-‐human	  contamina,on	  event	  with	  
respect	  to	  most	  viruses.	  	  The	  major	  concern	  with	  this	  bacteriophage	  is	  that	  it	  is	  not	  
detectable	  at	  low	  levels	  in	  the	  marine	  environment	  (Maier,	  Pepper,	  Gerba,	  2009).	  
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Children	  are	  more	  suscep,ble	  to	  many	  of	  the	  enteric	  viruses,	  par,cularly	  adenovirus,	  
which	  young	  children	  are	  very	  sensi,ve	  to.	  	  Furthermore,	  children	  tend	  to	  have	  a	  
longer	  and	  more	  common	  exposure	  to	  recrea,onal	  waters	  than	  most	  adults	  (WHO,	  
2011).	  	  The	  outbreak	  data	  and	  reports	  are	  also	  incomplete.	  	  Only	  informa,on	  on	  
inves,gated	  outbreaks	  where	  the	  disease	  e,ology	  was	  determined	  were	  included,	  so	  
this	  is	  highly	  underreported	  data.	  	  There	  is	  also	  a	  high	  incidence	  of	  pool-‐related	  
outbreaks,	  this	  again	  may	  be	  because	  pools	  have	  a	  defined	  popula,on	  using	  them	  
and	  there	  are	  numerous	  agents	  which	  are	  chlorine	  resistant,	  affec,ng	  those	  in	  the	  
pool	  environment.	  	  Pools	  are	  also	  enclosed	  bodies	  of	  water	  which	  are	  apt	  to	  have	  
human-‐based	  contamina,on	  events.	  	  Once	  these	  events	  occur,	  especially	  from	  
children,	  the	  pathogenic	  agents	  are	  not	  diluted	  as	  they	  are	  in	  open	  water	  systems.	  
Furthermore,	  the	  use	  of	  an	  addi,onal	  indicator	  organism	  to	  represent	  viral	  loads	  in	  
open	  water	  systems	  would	  be	  helpful	  since	  current	  indicators	  have	  no	  correla,on	  
with	  viral	  agents.	  	  Unfortunately,	  there	  is	  no	  perfect	  indicator	  organism	  for	  all	  
contaminants	  since	  bacteriophage	  cannot	  be	  detected	  at	  low	  levels,	  but	  it	  is	  be`er	  
than	  the	  current	  methods.	  
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