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Starting August 2012, an increase in Cryptosporidium
infections was reported in the Netherlands, the United
Kingdom and Germany. It represented a 1.8 to 4.9-fold
increase compared to previous years. Most samples
were C. hominis IbA10G2. A case-control study was
performed in the Netherlands but did not identify an
endemic source. A case—case study in the north of
England found travel abroad to be the most common
risk factor.

In August 2012, an unprecedented increase of
Cryptosporidium infections, as detected through analy-
sis of faecal samples from patients with gastrointes-
tinal complaints, was independently reported to the
regional public health services, and subsequently
to the National Institute for Public Health and the
Environment (RIVM) by several microbiology labora-
tories throughout the Netherlands. In the same time
period, Germany and parts of the United Kingdom
(UK), specifically England, Wales and Scotland, but
not Northern Ireland, also identified an unexpected
excess of cryptosporidiosis cases compared to former
years. Most samples in the UK and the Netherlands
were C. hominis IbA10G2. No other European countries
reported an increase of Cryptosporidium infections.
Finland reported two ongoing outbreaks caused by
C. parvum.
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In the Netherlands, Cryptosporidium infection is not
a notifiable disease, therefore there are no solid data
on the incidence of human infections. In the UK, sur-
veillance of Cryptosporidium was implemented in the
1990s. Positive results from laboratory testing are now
notifiable. In Germany, C. parvum infection has been
notifiable since 2001, but is mostly reported without
species determination.

The increased number of cryptosporidiosis infections
in three EU countries in the same period of time is unu-
sual and is a great public health concern. In this paper,
we present microbiological and epidemiological inves-
tigations of this increase in those three countries.

Background

Cryptosporidiosis is a disease caused by the parasite
Cryptosporidium. The main symptoms in humans are
watery diarrhoea, nausea, vomiting, low-grade fever
and abdominal pain lasting from a few days to a few
weeks. In immunocompromised people such as AIDS
patients, the infection can be severe and may result
in significant morbidity and mortality [1]. The two pre-
dominant species associated with human disease are
Cryptosporidium hominis, affecting only humans, and
C. parvum, affecting both humans and animals [2].
The principal reservoirs are humans, cattle and other
domestic animals. The oocysts, containing sporozoites



(the infectious form of this parasite) are excreted in
the host’s faeces. They are transmitted by the faecal-
oral route, via person-to-person or animal-to-person
spread, or through the ingestion of contaminated water
and food.

Methods

Microbiological investigations

Cryptosporidium was detected by medical microbiol-
ogy laboratories in the Netherlands using standard
routine detection methods (microscopy using modified
Ziehl Neelsen staining or enzyme immunoassay and/or
multiplex PCR). A selection of the positive samples was
sent to the RIVM for further investigation and subtyp-
ing using gp6o amplification sequencing. In England
and Wales cases were diagnosed in local microbiology
laboratories using auramine or modified Ziehl Neelsen
staining or enzyme immunoassay, and samples were
sent to the Cryptosporidium Reference Unit in Swansea
for speciation by real-time PCR and subtyping using
gp6o sequencing. In Germany, Cryptosporidium was
detected by diagnostic laboratories using enzyme
immunoassay or microscopy.

Epidemiological investigations

of cases in the Netherlands

Data of Cryptosporidium-positive cases detected by fae-
cal testing since 2010 were requested from nine large
routine microbiology laboratories spread throughout
the Netherlands (together servicing approximately 21%
of the Dutch population).

In addition, a case—control survey was conducted
in four regions. A case was defined as a person who
became ill with diarrhoeal symptoms after 1 August
2012 with a stool sample positive for Cryptosporidium.
Public health services interviewed cases by telephone
or posted the questionnaire. Collected data included
date of birth, sex, symptoms (profuse and watery diar-
rhoea), date of onset, and possible sources of infection
and exposures in the 10 days prior to onset of symp-
toms. Controls were randomly selected from a regis-
ter of residents of 322 Dutch municipalities and were
matched by sex and year of birth. The same question-
naire as for cases was send to 316 controls. Univariable
and multivariable logistic regression analyses were
performed, adjusted by sex and age group.

Epidemiological investigations

in the United Kingdom

To examine the descriptive epidemiology of the
increase noted from mid-August 2012, Cryptosporidium
cases reported to national surveillance were compared
to those reported over the previous years. A case—case
study in the north-east compared risk factors ascer-
tained through routine interviews of cryptosporidiosis
cases in weeks 32 to 42 of 2012 with the previous three
years.

Epidemiological investigations in Germany
Cryptosporidium cases (without species determina-
tion) reported to national surveillance were compared
to those reported in the previous years.

International investigation

The RIVM sent out an urgent inquiry on 25 October
2012 on the Epidemic Intelligence Information System
for Food and Waterborne Diseases (EPIS-FWD managed
by the European Centre for Disease Prevention and
Control (ECDCQ)) to inform other European Union (EU)
Members States of this increase.

Results

The Netherlands

The number of Cryptosporidium cases from 2010 was
readily available for eight laboratories that had had
no change in diagnostic procedures since then. For
weeks 31 to 42, they reported 524 positive samples for
Cryptosporidium in 2012 compared with 115 in 2010 and
98 in 2011 (Figure). A peak with 292 Cryptosporidium
cases occurred in weeks 35 to 38 of 2012, seven times
higher than in the same period in 2010 and 2011 (42 and
45 cases, respectively). From weeks 31 to 42 in 2012,
58% of Cryptosporidium infections were diagnosed in
children under the age of 10 years (comparable to 58%
in 2010 and 45% in 2011), and 58% of these children
were male. Seventy-two per cent of cases 15 years
and older were female. The sex distribution was simi-
lar as in the two previous years, but the age distribu-
tion was significantly different (p<o.0001). Preliminary
data showed 80 of 95 stool samples typed contained
C. hominis, of which 78 belonged to the dominant gp6o
subtype IbA10G2; the remaining 15 samples contained
C. parvum with six different subtypes.

The Dutch case—control survey included 82 cases and
125 controls. More cases (36%) than controls (22%)
had travelled abroad, mostly in Europe (p=0.03). The
most visited countries were France (seven controls and
nine cases) and Spain (two controls and nine cases).
Seventy per cent of the cases and 66% of the controls
had contact with surface water (in a swimming pool,
sea, river or lake) in the 10 days before onset of symp-
toms (p=0.56). Contact with farm animals was not sig-
nificantly different between cases and controls (33%
vs. 40%, p=0.30). More controls than cases drank tap
water on a daily basis (78% vs. 67%, p=0.07). In the
multivariable logistic regression analysis adjusted for
sex and age group, only drinking bottled mineral water
remained associated with Cryptosporidium infection
(odds ratio: 2.72; 95% confidence interval: 1.10-6.76;
p=0.03), although only 21% of cases had drunk min-
eral water compared to 11% of controls.

The United Kingdom

In the UK, there was a two-fold increase in laboratory-
confirmed Cryptosporidium cases, with 3,230 cases
(weeks 33-46) compared to an average of 1,641 cases
reported for the same weeks in the previous two years,
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FIGURE

Cryptosporidium cases reported from eight laboratories in the Netherlands and cases notified in Germany and the United
Kingdom, January 2010-November 2012
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(2,002 cases in 2010 and 1,279 in 2011) (Figure). The
percentage of cases over 20 years of age was signifi-
cantly increased over that seen in the previous two
years for weeks 33 to 46, but there was no significant
change in age distribution.

Of 2,115 typed samples from weeks 33 to 48 inclusive,
1,577 (75%) contained C. hominis, 497 (23%) C. parvum
and 45 (2%) contained other species/genotypes or were
not typable. Gp6o subtyping was undertaken on 48 not
travel-related C. hominis cases from weeks 33, 35 and
37 in the age group with most cases, the 5-19 year-
olds; of those, 37 (77%) were subtype IbA10G2, five
belonged to two other types, and six did not amplify in
the PCR. Almost a third of all specimens received at the
Cryptosporidium Reference Unit and collected in weeks
33 to 37 were reported as travel-related, a proportion
that declined after week 37 and from week 42 onwards
was <10% of cases, which is in line with what has been
seen in previous years. Spain and Turkey were the most
frequently visited countries.

A case-case study in the north-east of England com-
pared risk factors for weeks 32 to 42 in 2012 with the
years 2009 to 2011. Travel abroad was reported in 54%
of cases; this proportion had been similar in the previ-
ous years but the total case number was 2.2-fold higher.
Of the countries visited, Spain and Turkey were most
common. Among the cases not related to travel abroad
there were significant positive associations with eat-
ing at a restaurant (32% in 2012 vs. 4% in 2009-2011,
p=0.001) and dog ownership (46% in 2012 vs. 25% in
2009-2011, p=0.02). The difference in consumption of
bottled water was not statistically significant (11% vs.
10% in 2009-2011, p=0.44), and swimming pool use
was significantly less common in 2012 than between
2009 and 2011 (18% vs. 37%, p=0.02).

Germany

In Germany, there was a 1.8-fold increase of notified
cryptosporidiosis cases in weeks 34 to 44 with 584
cases (Figure), compared to 316 cases in 2010 and 333
cases in 2011 in the same period. A peak occurred in
week 37 with 76 cases (32 in 2010 and 31 in 2011 in the
same week). The median age of cases notified in this
time period was 19 years, and 50% of cases were male,
similar to the two previous years. Laboratory diagnos-
tic procedures did not include typing.

International investigation

The EPIS alert from the Netherlands identified increases
in the UK and Germany. No increase in cryptosporidio-
sis was reported in Denmark, France, Hungary, Ireland,
Lithuania, Malta and Norway. Finland reported two
ongoing outbreaks caused by C. parvum.

Discussion

An increase in the number of Cryptosporidium cases
was observed from August 2012 throughout the
Netherlands, all regions of England, Wales, Scotland
and also Germany. In the Netherlands, the increase

lasted from week 31 to 42 while in the UK, the excess
cases were reported from week 33 to 46 and in Germany
from week 33 to 44. In the Netherlands and the UK, the
most frequently isolated species was C. hominis gp6o
subtype IbA10G2, which is the dominant subtype in
these countries [3,4].

Cryptosporidium outbreaks have been associated with
contaminated drinking water or recreational water
[2,5,6], contact with farm animals [7], person-to-per-
son spread in daycare and other institutions [8], food
handling [9], or consumption of unpasteurised apple
juice [10], milk, fruits or vegetables [11,12]. In the
Netherlands, the few published outbreaks have been
caused by C. parvum [13], while multiple outbreaks in
the UK have involved both C. parvum and C. hominis

[14].

In the Netherlands, the heavy rainfall in July and August
2012, followed by an extremely warm period with tem-
peratures up to 35 °C at the end of August, suggested
the potential for contamination of surface water [15,16].
The case-control study did not show an association
with surface water contact or tap water consumption.
However, this risk factor cannot be excluded entirely
because the statistical non-significance could be due
to a lack of power. Almost 70% of controls and cases
reported bathing in surface water in this warm summer
holiday period. Travelling abroad before the onset of
symptoms was significantly different between cases
and controls, but this association did not remain in
the multivariate analysis. Drinking bottled mineral
water was associated with cryptosporidiosis, but only
21% of cases and 11% of the controls reported daily
mineral water consumption. Further questionnaires
were administered to cases who drank bottled mineral
water, but no particular brand has emerged.

During the period when questionnaires were sent
out to Dutch cases and controls, there was also a
Salmonella Thompson outbreak in the Netherlands
[17]. However, there was no significant increase in the
number of referred faecal samples, and the increased
Cryptosporidium cases are unlikely to result from such
screening bias.

In the UK, travel abroad was an important risk.
However, the percentage of travel-related cases was
similar to the previous years and cannot explain all
cryptosporidiosis cases. The association with eating
out suggests the possibility that transmission of infec-
tion in some cases might have been through consump-
tion of contaminated food or drinks.

Because the number of Cryptosporidium-positive
samples in the Netherlands, the UK and Germany
increased during the same period, common exposures
or influencing factors might be expected. However, no
single source has been found that could explain the
increase of cryptosporidiosis seen in these countries.
Foreign travel has been an important risk in the UK and
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bottled mineral water raised as a hypothesis in the
Netherlands. However, plausible factors might include
multiple sources, extreme weather conditions, person-
to-person transmission and other, still unidentified risk
factors. Alternatively, the increase in different coun-
tries may have developed independently which could
explain the difference in age distribution compared
to previous years in the Netherlands but not in the UK
and Germany. This increase in cryptosporidiosis across
a wider geographic area highlights the need for wider
surveillance, development of better subtyping meth-
ods, the inadequacy of controls for travel-related infec-
tions and a need for further work on bottled waters [18]
and foods as potential Cryptosporidium risks.
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