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Summary Objectives: During autumn/winter 2004/2005 an outbreak of waterborne giardia-
sis occurred in Bergen, Norway. Genetic characterisation at 2 genes of Giardia duodenalis iso-
lates from samples from the outbreak peak showed significant variations between isolates.
Characterisation of further isolates from patients diagnosed in the subsequent months was
conducted to determine whether isolates with particular sequences might predominate, or
whether the sequence variation would continue.
Methods: Genetic characterisation was conducted on 63 isolates from patients diagnosed in
the 12 months subsequent to the outbreak peak.
Results: At the b-giardin gene and glutamate dehydrogenase gene, particular isolate se-
quences within Assemblage B, gradually predominated over time. These sequences had not
been the most frequently identified amongst 21 isolates from the outbreak peak. Nor were
they apparently associated with a particular sequence at the triose phosphate isomerase gene.
Conclusions: The predominance of particular sequences at the b-giardin gene and glutamate
dehydrogenase gene over time suggests that these sequences may be associated with en-
hanced transmission characteristics such as higher virulence, greater cyst environmental resis-
tance, increased proliferation, or a combination of these factors. Alternatively greater
association with clinical disease may have led to increased submission of samples with these
sequences. Whether these sequences may be associated with particular symptom characteris-
tics such as overt clinical disease, infection persistence or unresponsiveness to treatment war-
rants further study.
ª 2007 The British Infection Society. Published by Elsevier Ltd. All rights reserved.

* Corresponding author. Parasitology Laboratory, Department of Food Safety and Infection Biology, Norwegian School of Veterinary
Science, PO Box 8146 Dep, 0033 Oslo, Norway. Tel.: þ47 2296 4966; fax: þ47 2296 4965.

E-mail address: lucy.robertson@veths.no (L.J. Robertson).

0163-4453/$30 ª 2007 The British Infection Society. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jinf.2007.02.001

www.elsevierhealth.com/journals/jinf

Journal of Infection (2007) 55, 79e88

mailto:lucy.robertson@veths.no
http://www.elsevierhealth.com/journals/jinf


Introduction

During autumn/winter 2004/2005, an extensive outbreak of
waterborne giardiasis occurred in Bergen, Norway.1,2 Geno-
typing of cysts from 21 randomly selected patient samples
taken over an 8 day period during the peak of the outbreak
revealed that they were from all Assemblage B, irrespective
of the gene used for analysis. However, grouping the iso-
lates by single nucleotide polymorphisms (SNPs) of the
two genes (b-giardin and glutamate dehydrogenase (gdh))
gave complex results, as a given sequence at one gene
might correspond to more than one sequence at the other
gene.1

The diversity of these data, as well as the large number
of samples collected, suggested that this might be an
opportunity to follow any evolution of this infection at
these genes, and perhaps determine whether particular
genotypes were more persistent, or were more likely to be
transmitted further through the host population, than
others, or whether some genotypes may be associated
with particular symptoms or treatment responses. Obtaining
information on whether particular genotypes may be asso-
ciated with particular symptoms or transmission character-
istics is important both in terms of increasing our knowledge
of this wide-spread infection, and also practically for
targeting of therapies and being aware of whether partic-
ular infections might be particularly refractory to treatment
or more likely to spread throughout a population.

In order to garner further information which might assist
in unravelling this complex issue, sequence analyses at
these genes were conducted on Giardia cysts isolated from
faecal samples (from apparently non-persistent infections)
submitted to Haukeland University Hospital (HUS) in Bergen
in the 12 month period (December 2004 to November 2005)
subsequent to the peak months of the outbreak. For some
samples, sequence information was also obtained from
the triosephosphate isomerase (tpi) gene.

Materials and methods

Faecal samples (purification of Giardia cysts,
DNA isolation, PCR and sequencing)

Giardiasis was diagnosed at the Unit for Infectious Diseases
and Parasitology, Department of Medicine, HUS in Bergen,
either by detection of cysts in faecal samples by microscopy
following standard formalin-ether concentration, or by
faecal antigen test (ImmunoCard STAT! Cryptosporidium/
Giardia rapid assay; Meridian Bioscience, Inc). Positive
samples were forwarded to the Parasitology Laboratory at
the Department of Food Safety and Infection Biology at the
Norwegian School of Veterinary Science (NVH).

At NVH, samples were further analysed as previously
described.1 In brief, following a simple washing and salt
flotation procedure, and immunofluorescent microscopy of
stained sub-samples, the cysts were isolated by modified im-
munomagnetic separation (IMS; Dynal Biotech, ASA). DNA
was isolated from the cysts (QIAamp DNA Mini Kit; Quiagen
GmbH, Germany) and either stored frozen at �20 �C before
further analysis, or PCR was conducted immediately. For
this study, between 3 and 9 samples (depending on availabil-
ity) were chosen at random from each calendar month from
December 2004 until endof November 2005 for analysis, how-
ever samples known to be from patients with persistent in-
fections were excluded, and, where possible, samples with
low cyst numbers were avoided. A summary of the sample/
patient details of those selected for genotyping is provided
in Table 1. PCR was initially conducted for the b-giardin
and gdh genes3,4 on newly isolated or thawed DNA, using pub-
lished methods modified as previously described.1 PCR prod-
ucts were visualised by electrophoresis and ethidium
bromide staining. However, as PCR was only successful on
39 (62%) of the samples, for selected samples (n Z 25) PCR
was also attempted for the tpi gene by a published method

Table 1 Summary of patient details, by month of diagnosis, of samples selected for genotyping

Month of sample
submission and diagnosis
of giardiasis

No. samples
(total number of
samples available)a

Patient sex
ratio (M:F)

Patient age on
1st January 2005 (yrs);
mean � SD (Age range)

December 2004 9 (153) 3:6 37 � 18 (4e70)
January 2005 5 (47) 2:3 25 � 1 (24e26)
February 2005 4 (29) 4:0 30 � 23 (5e61)
March 2005 7 (18) 2:5 21 � 19 (1e50)
April 2005 5 (34) 3:2 31 � 17 (13e58)
May 2005 5 (28) 2:3 25 � 15 (1e42)
June 2005 3 (22) 1:2 25 � 19 (6e43)
July 2005 4 (9) 3:1 51 � 18 (28e71)
August 2005 4 (7) 3:1 22 � 11 (10e37)
September 2005 5 (9) 2:3 28 � 26 (2e66)
October 2005 6 (10) 1:5 38 � 20 (8e63)
November 2005 6 (7) 4:2 20 � 18 (4e54)
December 2004 to November 2005 Total: 63 31:34 30 � 18 (1e71)

Monthly mean: 5
Range/month: 4e9

a The number of samples available listed here also include samples from persistent infections or repeat samples from the same
patient, which were avoided for the purposes of this study.
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