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This report outlines the evidence and main conclusions
presented at an expert workshop on Cryptosporidium
genotyping held on 16 and 17 June 2016, hosted by the
Robert Koch Institute, Berlin, and funded by EU COST
Action FA1408 “A European Network for Foodborne
Parasites: Euro-FBP” (http://www.euro-fbp.org).

The consultation brought together 23 scientists and
experts in public and animal health from 12 European
countries and the United States (US) to discuss how
Cryptosporidium spp. surveillance and outbreak inves-
tigations could benefit from a harmonised approach
to intra-species differentiation of the two main human
pathogens, C. parvum and C. hominis. These are major
zoonotic and anthroponotic causes of gastroenteritis,
respectively. There is currently no standardised geno-
typing scheme for these protozoan parasites.

The workshop was organised in two parts: firstly, spe-
cialists described the current state of knowledge and
need, and secondly, four working groups considered
different aspects of the development, implementa-
tion and maintenance of Cryptosporidium genotyping
schemes.

An overview of genotyping

Cryptosporidium for public health purposes
Laetitia Kortbeek (National Institute for Public Health
and the Environment, the Netherlands) described the
diagnosis of Cryptosporidium and the usefulness of
genotyping for epidemiology. Although cryptosporidi-
osis cases are notifiable in some European Union (EU)
countries, testing and diagnostic practices are variable.
Improved understanding of the epidemiology, sources
and transmission of cryptosporidiosis is needed, but
surveillance is also highly variable and the quality of
the data provided to the European Centre for Disease
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Prevention and Control (ECDC) hinders comparisons
between countries [1]. Improved diagnosis and basic
surveillance across the EU would provide the means to
estimate and compare the prevalence of cryptosporidi-
osis and detect changing trends in transmission.

The complexity of Cryptosporidium transmission was
highlighted using data from the Netherlands, where
a proportion of Cryptosporidium-positive stools are
genotyped to identify species. In the second half of
2012, an excess of cases, mainly due to C. hominis,
triggered an alert to other EU countries via ECDC’s
Epidemic Intelligence Information System for Food and
Waterborne Diseases (EPIS); the United Kingdom (UK)
and Germany also reported an increase [2]. An ongoing
case—control study in the Netherlands failed to reveal
an endemic source. In the following year, C. parvum
predominated and risk factors for infection included
the use of inland bathing waters and animal contact
(not unexpected for C. parvum). More discriminatory
genotyping of isolates could contribute to the identifi-
cation of parasite sources and routes of transmission.
As a first step, partial sequencing of a gene encoding a
highly variable surface antigen (gp60) has shown that
C. hominis allele IbA10G2 is highly prevalent through-
out Europe, whereas C. parvum has greater diversity at
this locus [3]. There is no specific licensed treatment in
the EU for cryptosporidiosis, so understanding the epi-
demiology and improving the ability to identify sources
through genotyping are important for the interrup-
tion of transmission routes and subsequent disease
reduction.

The confusing world of Cryptosporidium
typing

Giovanni Widmer (Tufts University, US) described how
consideration of the reproductive biology and genetics



of the parasite and analysis of metadata from stud-
ies that used the same genotyping markers have pro-
vided further clarification of Cryptosporidium diversity,
especially within C. parvum. The lifecycle involves
asexual and sexual reproductive stages, requiring a
multilocus scheme to account for sexual recombina-
tion within genetically diverse populations. Therefore,
it is important to select markers that are sufficiently
distant or located on different chromosomes, to ensure
they are not in linkage. Excluding markers that provide
redundant information reduces wastage and increases
efficiency. As part of the marker selection process,
ordination methods such as principal coordinates anal-
ysis and rank abundance plots can be used to estimate
objectively how informative individual genetic markers
and their combinations are. Because of the multivari-
ate nature of multilocus data, ordination methods are
ideal to visualise genetic similarity among isolates
[4] and infer the likely source of an outbreak. In silico
analysis of existing data can be used to improve and
harmonise current genotyping approaches for surveil-
lance and outbreak investigations.

Human epidemiology and food-borne
outbreaks

Rachel Chalmers (National Cryptosporidium Reference
Unit, UK) showed how supplementing epidemiological
and environmental data with Cryptosporidium species
and gp6o allele identification has strengthened the
statistical evidence of association with food exposures
in outbreaks. In May 2012, an excess of 300 cases of C.
parvum was linked to the consumption of pre-cut mixed
salad leaves, spinach and tomatoes [5]. The odds of
association with eating pre-cut mixed salad leaves
were increased when the case definition was restricted
to those infected with gp6o allele llaA15G2R1. In 2015,
C. hominis infections exceeded expected numbers by
more than 9oo cases in late summer/early autumn, trig-
gering an EPIS alert, with a similar increase reported
by the Netherlands. Hypothesis-generating question-
naires revealed no sufficiently common exposures or
risk factors to allow a case-control study. Isolates
with the gp6o allele IbA10G2 predominated. Not only
is this allele highly prevalent among C. hominis iso-
lates from northern Europe, but there is also limited
heterogeneity at other loci, highlighting the limita-
tion of multilocus genotyping as an epidemiological
tool for this species [3]. Suitable samples [6] with the
IbA10G2 allele were further analysed by whole genome
sequencing. Very few differences were seen in pairwise
comparisons, with at most 50 single nucleotide poly-
morphisms (SNPs) observed in the ca 9.2 Mbp genome;
the significance of these extremely small differences is
currently unknown. In contrast, a C. parvum outbreak
of more than 300 cases at the end of 2015 was defined
by an unusual gp6o allele, 1ldA24G1, recognised ini-
tially by the Scottish Parasite Diagnostic and Reference
Laboratory, highlighting the value of genotyping rou-
tinely and including the data in national surveillance.
A case—control study revealed food-linked exposures
and the outbreak remains under investigation at the

time of writing, demonstrating the difficulties in food
chain investigations.

Zoonotic transmission

Karin Troell (National Veterinary Institute, Sweden)
illustrated the importance of applying One Health
approaches to the investigation of Cryptosporidium as
a zoonosis. In Sweden, samples are tested from any
likely host animal that is linked to a human crypto-
sporidiosis case, for example from household cats
when C. felis has been detected in a patient [7]. This
has led to collaborative studies on other, less common,
species causing human infections. These findings rein-
force the need for clinical diagnostics to detect not
only C. parvum and C. hominis.

The most common zoonotic species in humans, C. par-
vum, has an unusual epidemiology in cattle in Sweden,
where some studies have shown low prevalence even
in young calves. This is in contrast to other countries
where C. parvum is the main cause of cryptosporidi-
osis in pre-weaned calves [8]. Despite this, one of
the most common C. parvum gpé6o alleles in cattle,
[laA16G1R1, is also frequent in humans in Sweden. To
support epidemiological investigations, a multilocus
sequencing tool based on nine SNP markers across five
chromosomes has been evaluated in a multiplex PCR
on numerous samples; high discriminatory power and
evidence of transmission between calves and humans
in Sweden was shown.However, further studies of the
population structure of C. parvum are needed across
Europe to assess the broader applicability of this
scheme.

How diversity relates to transmission to
humans

Simone Caccio (National Institute of Health, Italy)
described the apparent geographic diversity of C. par-
vum in Ireland, Italy, and Scotland, as revealed by mul-
tilocus analyses. Studies so far indicate that in those
countries, C. parvum populations from humans and
livestock may have become isolated from each other,
to the extent that the opportunity for genetic inter-
change appears limited [9]. To investigate the degree
of genetic isolation, further studies are needed across
Europe that include the major hosts for C. parvum.
One study showed that in the UK, a high proportion
of C. hominis isolates were indistinguishable at mul-
tiple loci, contrasting with those from Uganda, where
a more diverse population structure was found [10].
Therefore, conclusions from one location may not be
widely applicable and information is specific to host
populations, whether these are defined geographi-
cally or demographically. A European-wide project
(COMPARE; http://www.compare-europe.eu/) aims to
increase the number of whole genome sequences for
Cryptosporidium and to develop bioinformatic pipe-
lines that would further the understanding of the pop-
ulation biology and determinants of virulence of the
parasite. Information from COMPARE will undoubtedly
benefit typing scheme development.
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Four working groups considered how the evidence pre-
sented could be used to develop, implement and main-
tain suitable genotyping resources for Cryptosporidium.

Are the genetic and population structures
of Cryptosporidium amenable to developing
a genotyping scheme?

One working group considered whether reliable pre-
dictions of transmission can be made by combining
genotyping with epidemiological and clinical data,
considering that genetic diversity and population
structures differ for C. parvum and C. hominis. It con-
cluded that data are currently unavailable for much of
Europe and are often not comparable because of lack
of standardisation, indicating the need for further stud-
ies. Sampling frames need to follow the One Health
concept, including both human and animal samples.
Comparative analysis of increasingly available genome
sequence data can provide a solid basis for marker
selection. An evaluation process should be defined
and applied to those markers already used.

What needs to be done to develop a
standardised, multilocus genotyping
scheme?

Another working group considered the development of
separate multilocus schemes for C. parvum and C. homi-
nis to provide robust, cost-effective assays, suitable for
specialist and reference laboratories. Fragment sizing
of regions containing tandem nucleotide repeats was
considered alongside in-house sequencing. The deci-
sion whether to choose fragment sizing or sequencing
will depend on the best workflow for individual labora-
tories, but markers that provide the same results with
either method would be desirable. Sequence data from
gp60 remains important. The most suitable markers
need to be identified through a structured and objec-
tive process, ideally starting from whole-genome com-
parisons. Well-defined panels of samples are needed
for biological and statistical evaluation of individual
markers and their combinations, before progressing to
inter-laboratory trials. DNA standards should be avail-
able. A web-based database needs be developed to
contextualise metadata and genetic identification of
isolates.

A multilocus fgenotyping scheme as a
component of epidemic preparedness and
response

A third working group considered multilocus genotyp-
ing as a component of a resilient response for health
protection, highlighting that any scheme should be
informative for epidemiological investigations and
the detection and management of outbreaks, and
that genotyping results should be incorporated into
the collection of high quality epidemiological data.
Differentiating between what is ‘nice to know’ and
‘essential to know’ is important: at present, there
is more to be gained from genotyping C. parvum, as
a high proportion of C. hominis cases in Europe have
the gp6o allele IbA10G2, which is associated with low
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diversity at other markers. If genotyping all cases can-
not be justified, selection will depend on outbhreak
size and available information and is probably best
delivered as a test done in specialist or reference
laboratories. Simulated outbreak exercises should be
undertaken.

Sustainability of a standardised, multilocus
genotyping scheme

The final working group discussed the elements
needed to sustain a standardised scheme, including
validation, external quality control (EQA), and inclu-
sion of future developments, for example identification
of new informative markers. A good mechanism for EQA
should be established using an independent provider,
also providing training modules and DNA standards.
Central, ongoing collection of a minimum set of meta-
data are needed to facilitate surveillance of genotypes
and meaningful comparisons and interpretation; this
may be possible through the Cryptosporidium data-
base at http://CryptoDB.org. Nomenclature for mul-
tilocus genotypes needs to be adopted for effective
interdisciplinary communication.

Conclusions

Increased standardisation of diagnostic practices for
Cryptosporidium is fundamental to the meaningful
interpretation of surveillance data and distribution of
species and genotypes. A robust, standardised, multi-
locus genotyping scheme should be developed, using
a defined process to replace or supplement the mul-
titude of genotyping methods used. Although further
genotyping of C. parvum would be highly informative,
this procedure may not always be warranted for the
genetically more conserved C. hominis in Europe. A
web-based database, enabling interpretation of geno-
type occurrence and distribution trends in an epidemi-
ological context, is required. Genotype data should be
incorporated into national surveillance programmes,
and a standardised nomenclature provided for effec-
tive communication with public health professionals.
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