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The WHO’s definition of a water- or a foodborne outbreak is when two 
or more persons experience a similar illness after ingestion of the same 
type of food or water from the same source and when the epidemiological 
evidence implicates the food or the water as the source of the illness 
(Schmidt, 1995).  A useful definition of a waterborne outbreak, for the 
purposes of active surveillance, is when more cases than would be 
expected are clustered, geographically and in time.  
 

Table 1.  Reported outbreak cases and their causal events. 
Area Causal   Events Date 

 Bradford (GB) Amount of tapwater consumed 1992.10  - 12 

 Milwaukee (US) Treatment failure (high turbidity) 1993.03  - 04 

 Ogose (JPN) Amount of tapwater consumed 
(elevation of temperature) 1994.05  - 06 

 London (GB) Oocyst detected (Active 
surveillance) 1999.04  - 05 

 Battlefords (Can) Treatment failure (high turbidity) 2001.03  - 04 

 
From this view point, we have re-examined the outbreak reports 

published elsewhere (Table 1), and tentatively summarized as follows: 
 

1) A small increase in the diarrhea (cryptosporidiosis) cases preceded 
almost exclusively the large-scale outbreak of the disease in the 
community (Fig. 1a-c), suggesting that, prior to the disease in outbreak, 
leakage of a small number of oocysts in tapwater has lasted on the 
order longer than a month.  

2) It is most plausible that leakage is attributable to the increase in the 
number of oocysts in the source water to a level that can not be 
removed thoroughly by the treatment process. (This supports the idea 
that waterborne outbreak of infectious diseases occurs when failure in, 
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or accidental defect(s) of, the treatment system happen to occurs under 
the conditions where there has been relatively heavy contamination of 
source water with the oocysts. ) 

3) Sudden temperature shift, and thus elevated intake of unboiled 
tapwater, can also be another type of variable to cause the outbreak.  

4) It was demonstrated that this sign phenomenon (a small number of 
diarrhea cases associated with a water supply) was not detectable 
against the general background of infection by the health-based 
monitoring, and could only be detected by the post-outbreak 
investigation.  

 
However, there is still hope to detect the sign phenomenon by 

monitoring oocysts in source water. By doing so, pre-warning system can 
be established for large-scale outbreak of cryptosporidiosis. 
 

Fig. 1.     Sign phenomena of the waterborne outbreak of cryptosporidiosis. 
Small increase in the diarrhea (cryptosporidiosis) cases in the community 
preceded the large-scale waterborne outbreaks.  Number of onset of illness 
within  a: Milwaukee, b: Ogose and c: Battlefords health service areas. 

 
The calculated number of oocysts in tapwater during pre-outbreak 

period was something around ~ 0.02 oocysts/L which is far from the 
detection limit of the routine test for Cryptosporidium. In the source water, 
however, 10 to 1,000 times of the concentration of the oocysts will be 
expected depending on the particle removal efficacy of the treatment 

a b
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process (Table 2).  Given that a 2.7 log removal (≑1/500) is assured by the 
overall treatment process, the number of oocyst in source water is ~ 10 
oocysts/L.  Considering that the new sign phenomenon (or high load of 
oocysts in source water) is not a transient event but lasts for several weeks 
as reported in many post-outbreak survey reports, and that isolation of 
oocyst from 200 ~ 1,000 mL of source water is not time consuming, it is, 
therefore, feasible to incorporate the Cryptosporidium monitoring in source 
water into the routine monitoring work at intervals of every one or two 
weeks. 

In this presentation, we are going to discuss a new monitoring system, 
such as using DNA amplification method, for detecting oocyst to prevent 
large-scale waterborne outbreak of cryptosporidiosis. 
 
 
Table 2.  Number of oocysts estimated in source and tap water during 
pre-outbreak period. 

Number of oocyst estimated (/L) 

  in source water  with varying  removal 
rate of the treatment plant 

Outbreak Cases 

Amount of 
tapwater 

consumed 
daily 

in tapwater
1-log 2-log 3-log 

200 ml 0. 1 1.0 10 100 
Milwaukee, US 

1,000ml 0. 02 0.2 2 20 
200 ml 0. 05 0.5 5 50 North Battlefords, 

Canada 1,000ml 0. 01 0.1 1 10 

20ml 0. 5 5.0 50 500 
Ogose, Japan 

1,000 ml 0. 01 0.1 1 10 
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It is generally said that a useful definition of a waterborne 
outbreak, for the purposes of active surveillance, is when more 
cases than would be expected are clustered, geographically and 
in time. 

A small number of diarrhea cases associated with a water 
supply is hardly detectable against the general background of 
infection by the health-based monitoring, and could only be 
detected by the post-outbreak investigation. 

Need a new sign phenomenon of the disease in outbreak
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Area Causal Event(s) Date 

 Bradford (GB) Amount of tapwater consumed 1992.10 - 12 

 Milwaukee (US) Treatment failure (high turbidity) 1993.03 - 04 

 Ogose (JPN) Amount of tapwater consumed 
(elevation of temperature) 1996.05 - 06 

 Battlefords  (Can) Treatment failure (high turbidity) 2001.03 - 04 

 

Table.   Reported outbreak cases and their causal events.

In general, waterborne outbreak of infectious disease occurs 
when failure in, or inadequate design of, the treatment system 
happen to occur under the conditions where there is relatively 
heavy contamination of source water with a pathogen.

Sudden temperature shift, and thus elevated intake of 
unboiled tapwater, can also be another type of variable to 
cause the outbreak.

Waterborne Outbreak of cryptosporidiosis in Milwaukee in 1994

(After N Engl J Med. 1994 Jul 21;331(3):161-7.)

pre-outbreak period outbreak period
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Bradford outbreak in 1992

Milwaukee outbreak in 1993
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Summary of Ogose Outbreak Case
Among 11,619 responders, 215 reported having had 
diarrhea during pre-outbreak period from May 1 to 
May 28, 1996 with average daily infection rate of 0.066%.

215÷11,619÷28=6.6x10-4  (=0.066%)

drx
d eP −−= 1

r
Px d

d
)1ln( −

−= (Haas et al. 1996)

where Pd is a daily infection rate, xd is number of infectious oocyst 
ingested, and r (=0.09) is the probability of infection from ingesting 
a single infectious oocyst.

The number of oocysts in tapwater was estimated to 
be 0.012, 0.04 or 0.4 oocysts /L,  given the amount of 
unboiled tapwater consumed daily was 600ml (3 cups 
of water), 200ml or 20ml, respectively.

Summary of Milwaukee Outbreak Case
Of 1,663 responders, 81 reported having had diarrhea 
during pre-outbreak period between March 1 and March 
26,1994.
The average daily infection rate was 0.0019.
Number of oocyst consumed was estimated to be 0.02 per 
person per day. 
The number of oocysts in the tapwater was estimated to 
be 0.02 or 0.1 oocysts/L, given the amount of unboiled 
tapwater consumed daily was 1,000 or 200ml, respectively.
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Summary of Battlefords Outbreak Case

A total  155 residents reported having had diarrhea during
pre-outbreak period between January 23 and March 25, 2001.

The average daily infection rate was 0.0011.

Number of oocyst consumed was estimated to be 0.012 per 
person per day. 

The number of oocysts in the tapwater was estimated to be 
0.01 or 0.05 oocysts/L, given the amount of unboiled 
tapwater consumed daily was 1,000 or 200ml per day, 
respectively.

4
01
05
01
10
02

1010.10.1,000 ml

1010.10.1,000 ml

2020.20.1,000 ml

400404.00.20mlOgose, Japan

5050.50.200ml
North Battleford, 

Canada

100101.00.200ml
Milwaukee, US

3-log2-log1-log

Source water  with varying  removal 
rate of the treatment plant Tapwater

Amount of 
tapwater 

consumed daily

Number of oocyst estimated (/L)

Outbreak Cases

Number of oocysts estimated in source and treated 
water during pre-outbreak period
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1.   According to the case reports,  small increase in the diarrhea 
(cryptosporidiosis) cases in the community preceded the 
outbreak of the disease. (⇒ sign phenomenon) 

2. The estimated number of oocysts in tapwater during pre-
outbreak period was ~ 0.02oocyst/L. 

3. Leakage of small number of the oocysts into the finished 
water, and thus causes cryptosporidiosis, is attributable to a 
high load of oocysts in the source water. 

4. Given that a 2.7 log removal (1 / 500) is assured by the 
treatment process, the number of oocyst in source water is 
~ 10 oocysts/L. (⇒ new sign phenomenon)

5. Leakage of oocyst in tapwater (≑ high load of oocyst in source 
water) lasts on the order longer than a month. 

In general, it is said that waterborne outbreak of infectious disease 
occurs when failure in, or inadequate design of, the treatment system 
happen to occurs under the conditions where there is relatively 
heavy contamination of source water with a pathogen.

~ 1,000ml of source water

filtration 
density gradient centrifugation
immuno-beads separation  

freeze and thaw
proteinase treatment

LAMP-MPN quantification  method
3 dilutions and 3 tubes per dilution

sample

oocyst isolation

DNA extraction 

DNA amplification

Oocyst Detection 

1hr

1hr

1hr

outcome
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At least  Once a week or Two
:Frequency of 

Testing

DNA Amplification (LAMP, PCR)
Microscopy

:Oocyst Detection

Strengthen treatment processes 
Boil notice ※
Protection or replacement of source 
water, etc.

:Pre-cautions to be 
made

200 ~ 1,000 mL 
(depending on the removal efficacy)

:Sample Volume

Source water:Test Sample

“Oocyst Monitoring System” to be developed

※ Sudden temperature shift, and thus elevated intake of unboiled 
tapwater, can also be another type of variable to cause the outbreak.



8

ACKNOWLEDGEMENTS

This research was supported by a grant-in-aid of 
Ministry of Health Labor and Welfare [H16-Shinkou-
16, and H17-Kenkou-066].



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


