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Giardia outbreak in Bergen 2004 -
what was the source of infection?

The comprehensive report on the Giardia outbreak in Bergen in 2004 concluded that the probable source
of infection was a sewage leak that polluted the drinking water. However, several aspects of the epidemic
suggest grounds for considering an alternative hypothesis about the source of infection.

The Giardia outbreak in Bergen in autumn
2004 was the first recognised outbreak of
a parasitic infection to be caused by drin-
king water in Norway. The outbreak was
extensive, with an estimated 2 500 persons
treated for giardiasis (1). The infection was
laboratory confirmed in 1 252 individuals,
who have since been followed up annually
(2-5). The actual number of infected indi-
viduals was probably in the order of

5 000—6 000 (6).

The disease outbreak was thoroughly
examined in a comprehensive evaluation
report, which was published in May 2006
(6). This reached the unanimous conclusion
that the probable source of infection for
the outbreak was contamination of the
water source ‘Svartediket’ by sewage
from the nearby residential area. This con-
clusion was based on the demonstration
of a sewage leak 200—300 metres from
the raw water intake from Svartediket.

Correct conclusion?

All might appear well given the consensus
among the experts. However, the Giardia
outbreak in Bergen had several unusual
features. In the aftermath of the outbreak,

a significant proportion of the laboratory-
confirmed cases reported fatigue and irri-
table bowel syndrome-like symptoms, even
though they had been successfully treated
for giardiasis (5, 7). Upon examination five
years after the outbreak, the same patients
showed immunological dysfunction. The
patients with chronic fatigue syndrome had
reduced numbers of natural killer cells (NK
cells), while those with functional gastro-
intestinal disease had higher levels of CD8
T cells (8). The presence of these symptoms
so long after a successfully eliminated
Giardia infection is difficult to explain (7,
9, 10). The lingering health problems after
the outbreak led to over 300 compensation
claims against Bergen municipality and
payouts of more than 30 million Norwegian
kroner in compensation (11).

The drinking water-transmitted outbreak
was not solely a Giardia outbreak; there
was a simultaneous, albeit smaller, outbreak
of Cryptosporidium. While there were only
115 laboratory-confirmed cases of Crypto-
sporidium, this is enough to fulfil the
accepted criteria for definition of an out-
break. Among those who were diagnosed
with Cryptosporidium parvum infection,
85 % also had giardiasis (12).
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Absence of hypothesis testing

The external evaluation committee (6)
conducted a theoretical analysis of seven
potential sources of infection and con-
cluded that «the direct (triggering) cause
of the Giardia epidemic was most likely
a sewage leak from the nearby residential

«Both Cryptosporidium
and Giardia are very
common In Norwegian
dogs»

properties in the Knatten/Starefossen/Tarle-
beveien areax. It is worth noting the two
statements that follow this conclusion: «It
has not been the aim of the committee to
identify precisely which home(s) the infec-
tion came from. This is out of respect for
privacy and because the answer would not
have influenced the committee’s conclu-
sions». (Emphasis mine).

The evaluation committee assumed that
«the sewage system in the area had been
in disrepair for many years prior to the inci-
denty. They write further that «the reason
there has not been a similar outbreak previ-
ously is most likely because in autumn
2004, there were one or more infected per-
sons living in the properties in question»
(6). The committee made no attempt to
confirm or disprove this hypothesis for the
reasons given above.

«When you have eliminated the impos-
sible, whatever remains, however improb-
able, must be the truth,» is a famous quote
from Sherlock Holmes, creation of the
doctor Sir Arthur Conan Doyle. The evalua-
tion committee evidently leant towards
this type of thinking, but the premise for
being able to do so, is to «have eliminated
the impossible.» The possibility that sheep
and lamb excrement, human passers-by,
or wild animals and birds could have been
the source of infection for the Giardia
epidemic was in my view ruled out fairly
convincingly in the analysis. However,

I believe doubts can be raised as to whether
the committee was equally convincing in
ruling out the involvement of dog excre-
ment.

Dog or human as source of infection?
The evaluation committee calculated that
between 38 and 152 kg of faeces per week
were produced by dogs being walked along
the walking trail that drains into Svarte-
diket. This illustrates the magnitude of the
possible pollution «very near the water
source (a few tens of metres away) and in
steep terrain that facilitates washout during
periods of rainfall» (6). The committee
summarises as follows: «Dog excrement
probably represents the main source of

E. coli in the raw water intake. However,
dog excrement is considered to be rather
improbable with respect to the source of
the outbreak in autumn 2004, in relation

to sewage from homes bordering the catch-
ment areay (6). Since E. coli is regarded

as a good indicator of faecal contamination
of drinking water, this statement appears
somewhat contradictory.

Both Cryptosporidium and Giardia are
very common in Norwegian dogs, accor-
ding to a study conducted by the Norwegian
School of Veterinary Science. Some 44 %
of young dogs had one or more Crypto-
sporidium-positive samples, while 21 %
of dogs had one or more Giardia-positive
samples (13). Neither Cryptosporidium- nor
Giardia infection is common in humans in
Norway, and co-infection with both para-
sites is probably extremely rare.

The sewage system in the area in ques-
tion was rehabilitated shortly after the out-
break. Nevertheless, in September 2005, the
year after the epidemic, concentrations of
thermostable coliform bacteria/E. coli in
the raw water intake reached their highest
levels for 10 years after an episode of extre-
mely heavy rainfall (6). The addition of
sewage to the raw water intake cannot
therefore have been responsible for the
high levels of faecal indicator bacteria.

Heavy downpours

On 19 August 2004, there was 29.6 mm

of rainfall, followed by a further 24.8 mm
the next day and 17.4 mm the day after that.
Over the preceding 24 days, there had been
only 9.6 mm of rainfall spread over six
separate days (6). Routine testing of the
water supply showed high levels of faecal
indicator bacteria and E. coli in raw water
samples collected in late August (1). The
epidemic curve for the Giardia outbreak
indicates that most cases must have been
infected between late August and early
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October (1). Since Giardia cysts can sur-
vive in water for 1—2 months, infection
must have occurred over a limited period
in late August/early September (1).

It is reasonable to assume that the sewage
leak led to a relatively constant inflow of
human excrement into Svartediket, whereas
contamination with dog excrement would
mainly have occurred in connection with
heavy downpours, which would have
washed accumulated excrement from the
area along the walking trail into Svarte-
diket. According to the committee’s own
calculations, between 130 and 521 kg dog
excrement would have been deposited
along the walking trail over the 24 days pre-
ceding the heavy downpours. It would then
have taken a few days for this contamina-
tion to reach the raw water intake to the
water treatment plant. This is in keeping
with the fact that routine testing of the
water supply showed high levels of faecal
indicator bacteria and E. coli in raw water
samples collected in late August 2004.

To create an outbreak from a water treat-
ment plant that supplies 52 000 inhabitants
requires reasonably large amounts of infec-
tious material. The washing of large quanti-
ties of Giardia- and Cryptosporidium-
infected dog excrement into Svartediket
from the area along the walking trail would
therefore seem to be a more likely cause
of the outbreak than a sewage leak.

Dam upon dam

Svartediket was formed through the phased
construction of four dams of increasing
size. The distance between the oldest and
the newest dam is 30 metres. The top of the
old dam that is closest to the newest dam
lies 11 metres under the highest regulated
water level. The evaluation committee did
not state how far below the highest regu-
lated water level the actual water level in
Svartediket was on 19 August. However,
this is a very important piece of information
because it gives a strong indication of how
quickly raw water in the water treatment
plant could be supplemented by surface
water. The fact that the epidemic was trig-
gered a few days after the downpours of
19-21 August indicates that the water level
in Svartediket must have been very low on
19 August.

The evaluation committee points out that
in «periods of dry weather with lower water
levels, proportionately more of the surface
waters will reach the raw water intake» due
to the old dams at respectively 11, 14 and
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15 metres below the highest regulated water
level (6). The committee discusses the sea-
sonal variation in thermostable coliform
bacteria/E. coli in the raw water intake,
wherein these bacteria are almost comple-
tely absent from January to June and from
November to December, on the assumption
that sewage is the source of the bacteria,
and is unable to reconcile the data. The
most plausible explanation for the large
seasonal variation in the prevalence of ther-
mostable coliform bacteria/E. coli in the
raw water intake is, in my view, that there
is a large influx of surface water into the
raw water between August and October due
to the low water levels in August.

Scientific consequences

I believe that the most likely course of
events in the Giardia outbreak in Bergen in
autumn 2004 is as follows: 130—521 kg dog
excrement accumulated along the walking
trail at Svartediket between 26 July and 18
August 2004. During this period, light rain-
fall helped to ensure that the faeces did not
dry out and thus retained their contents of
infectious Giardia cysts, Cryptosporidium
oocysts and thermostable coliform bacteria/
E. coli. The heavy downpours of 19-21
August washed a large proportion of this
excrement into Svartediket, aided by the
very steep terrain along the walking trail
down towards the drinking water source.
Low water levels in Svartediket when the
heavy downpours came, meant that the
contaminated surface water quickly reached
the raw water intake and thus triggered the
Giardia outbreak.

The evaluation committee’s failure to test
the hypothesis that a sewage leak caused
the Giardia outbreak has, in my view, had
two consequences of a scientific nature.
Firstly, it has not been acknowledged that
the outbreak was probably the first drinking
water-transmitted epidemic to be caused by
dog excrement. Secondly, researchers who
have followed up patients with chronic
fatigue and irritable bowel syndrome-like
symptoms after the outbreak have, naturally
enough, focused on Giardia and to some
extent Cryptosporidium as possible causes.
This is in my view the most serious scien-
tific consequence — that the investigation
into the persistent health problems has been
based exclusively on the assumption that
Giardia and Cryptosporidium are the cau-
sative agents, and has been blind to the pos-
sibility that other zoonoses from dogs might
in fact be responsible.

As the mathematician Paul Erdds once
said: «It is not enough to be in the right
place at the right time. You should also
have an open mind at the right time.»

Torgeir Landvik
torgeir_landvik@hotmail.com

Torgeir Landvik (born 1949), chief municipal
medical officer in Enebakk and general practi-
tioner at Enebakk medical centre.

The author has completed the ICMJE form
and reports no conflicts of interest.

References

1. Nygérd K, Schimmer B, Sgbstad @ et al. A large
community outbreak of waterborne giardiasis-
delayed detection in a non-endemic urban area.
BMC Public Health 2006; 6: 141.

2. Mgrch K, Hanevik K, Rortveit G et al. High rate of
fatigue and abdominal symptoms 2 years after an
outbreak of giardiasis. Trans R Soc Trop Med Hyg
2009; 103: 530-2.

3. March K, Hanevik K, Rortveit G et al. Severity of
Giardia infection associated with post-infectious
fatigue and abdominal symptoms two years after.
BMC Infect Dis 2009; 9: 206.

4. Wensaas KA, Langeland N, Hanevik K et al. Irri-
table bowel syndrome and chronic fatigue 3 years
after acute giardiasis: historic cohort study. Gut
2012; 61: 214-9.

5. Hanevik K, Wensaas KA, Rortveit G et al. Irritable
bowel syndrome and chronic fatigue 6 years after
Giardia infection: a controlled prospective cohort
study. Clin Infect Dis 2014; 59: 1394-400.

6. Eikebrokk B, Gjerstad KO, Hindal S et al. Giardia-
utbruddet i Bergen hgsten 2004. Bergen: Bergen
kommune, 2006.

7. Robertson LJ, Hanevik K, Escobedo AA et al. Giar-
diasis - why do the symptoms sometimes never
stop? Trends Parasitol 2010; 26: 75-82.

8. Hanevik K, Kristoffersen EK, Sgrnes S et al.
Immunophenotyping in post-giardiasis functional
gastrointestinal disease and chronic fatigue syn-
drome. BMC Infect Dis 2012; 12: 258.

9. Hanevik K, Mgrch K, Eide GE et al. Effects of
albendazole/metronidazole or tetracycline/folate
treatments on persisting symptoms after Giardia
infection: a randomized open clinical trial. Scand
J Infect Dis 2008; 40: 517-22.

10. Hanevik K, Hausken T, Morken MH et al. Persis-
ting symptoms and duodenal inflammation related
to Giardia duodenalis infection. J Infection 2007;
55: 524-30. 2004.

11. Hoaas KC. Hundrevis far giardia-erstatning. Ber-
gens Tidende 1.mars 2006.

12. Robertson LJ, Forberg T, Hermansen L et al. Cryp-
tosporidium parvum infections in Bergen, Norway,
during an extensive outbreak of waterborne giar-
diasis in autumn and winter 2004. Appl Environ
Microbiol 2006; 72: 2218-20.

13. Hamnes IS, Gjerde BK, Robertson LJ. A longitudi-
nal study on the occurrence of Cryptosporidium
and Giardia in dogs during their first year of life.
Acta Vet Scand 2007; 49: 22.

Received 16 March 2015, first revision submitted
17 May 2015, accepted 23 July 2015. Editor: Hanne
Stare Valeur.

Tidsskr Nor Legeforen nr. 16, 2015; 135




<<
  /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 /OK
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /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 150
  /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 150
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


