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Abstract. The present review reports the prevalence studies carried out in bovine cryptosporidiosis in European
countries in the last decade, including the molecular background when available. In foreground, the distribution
of Cryptosporidium species, genotypes and C. parvum subtype families (alleles) in cattle are described in the
twenty countries where molecular studies have been conducted. Surveys carried out in bovines have shown that
eight species (C. parvum, C. andersoni, C. bovis, C. ryanae, C. felis, C. hominis, C. meleagridis and C. suis) and three
genotypes (Cryptosporidium deer-like genotype, C. suis-like and Cryptosporidium pig genotype) were responsible
for cryptosporidial infections. Mainly the first four enumerated Cryptosporidium species were found with a
varied prevalence. The DNA sequence analysis of the 60 kDa glycoprotein (GP60) gene in C. parvum has revealed
three subtype families (IIa, IId and IIl) of the eleven alleles (IIa-IIk) known to be present in cattle. The
epidemiological survey results suggest that cattle are a potential source and an important reservoir of C. parvum
infection for both humans and animals in Europe.
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Bovine cryptosporidiosis was first reported four
decades ago by Panciera et al. (1971) in an eight
month old heifer with chronic diarrhea
(Dărăbuș and Imre, 2010).

Background
Members of genus Cryptosporidium are
unicellular parasites that infect epithelial cells of
the gastrointestinal and respiratory tract of a
variety of vertebrate hosts (Ondráčková et al.,
2009).

In the last years, in many European countries
different kinds of molecular diagnostic tools
were developed for the identification and
differentiation of Cryptosporidium species,
genotypes and C. hominis and C. parvum
subtypes. In endemic and epidemic areas these
methods are intensively used in epidemiological
surveys of cryptosporidiosis (Xiao, 2010).

Bovines are the most important animal group
known to be infected with Cryptosporidium,
probably because of the large amount of studies
performed on them and because of their
economic importance.
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Molecular epidemiology studies from cattle
have reported the identification of eight species
(C. parvum, C. andersoni, C. bovis, C. ryanae, C.
felis, C. hominis, C. meleagridis and C. suis) and
three genotypes (Cryptosporidium deer-like
genotype, C. suis-like and Cryptosporidium pig
genotype) (Bornay-Llinares et al., 1999; Smith
et al., 2005; Geurden et al., 2007; Langkjæer et
al., 2007; Mendonça et al., 2007; Plutzer and
Karanis, 2007; Santín and Trout, 2007; Dărăbuș
and Imre, 2010; Xiao, 2010). Usually, cattle have
been considered as major hosts for the first four
enumerated Cryptosporidium species.

used followed by restriction fragment length
polymorphism (RFLP) analysis of the
secondary PCR products with SspI and VspI
enzymes. For genotype identifications MboII
and DdeI enzymes have been successfully used.
Each of these techniques tends to obtain a clear
and visible image of the final PCR product in
agarose gel.
Recently, the development of the MboII-RFLP
analysis of the SSU rRNA gene to differentiate
the three intestinal bovine species (C. parvum, C.
bovis and C. ryanae) facilitated new studies in
bovine cryptosporidiosis (Geurden et al., 2007;
Soba and Logar, 2008; Follet et al., 2009;
Ondráčková et al., 2009). Moreover, this method
may be especially useful in identifying species in
mixed infections. In order to distinguish C.
parvum from C. bovis or the Cryptosporidium
deer-like genotype, the sequencing can be
successfully used but the procedure is more
expensive. This technique can also offer more
reliable information than PCR-RFLP.

The data of European researchers have
contributed greatly to the knowledge of the
molecular
epidemiology
of
bovine
cryptosporidiosis (Thompson et al., 2007;
Geurden et al., 2007; Misic and Abe, 2007;
Plutzer and Karanis, 2007; Wielinga et al., 2007;
Broglia et al., 2008; Quilez et al., 2008; Soba and
Logar, 2008; Brook et al., 2009; Duranti et al.,
2009; Imre et al., 2010; Silverlås et al., 2010).
The molecular data confirmed in 31 (91.2%) out
of 34 publications that calves are an important
source of zoonotic cryptosporidiosis in humans.
Generally, C. parvum is found in pre-weaned
calves (<2 months), C. bovis and C. ryanae in
post-weaned calves (2 months to 1 year) and C.
andersoni in yearling heifers and mature cows.

Several studies investigated the presence of
Cryptosporidium in dairy and beef cattle in
Europe. The molecular data on species diversity
are shown in table 1. It is evident that the most
common and spread species in all age categories
and in most regions is C. parvum. Other common
species/genotypes are C. bovis, C. andersoni and
the deer genotype. Infections with C. parvum
have been reported in dairy and beef cattle, in
many parts of Europe, but the prevalence data
have often varied significantly. The high
occurrence of C. parvum in cattle has been
shown more recently in Belgium (Geurden et al.,
2007), England (Brook et al., 2009), France
(Paraud et al., 2009), Germany (Broglia et al.,
2008), Italy (Grana et al., 2006; Duranti et al.,
2009; Mangili et al., 2009; Merildi et al., 2009),
Netherlands (Wielinga et al., 2007), Poland
(Majewska et al., 2004), Portugal (Alves et al.,
2003, 2006; Mendonça et al., 2007), Romania
(Imre et al., 2009), Serbia and Montenegro
(Misic and Abe, 2007), Slovenia (Soba and
Logar, 2008) and Spain (Quilez et al., 2008).
Several studies conducted in Italy confirmed
that C. parvum was the only species
responsible for bovine cryptosporidiosis
(Cacciò et al., 2000; 2001; Wu et al., 2003;
Cencioni, 2005; Grana et al., 2006; Duranti et
al., 2009; Mangili et al., 2009).

The continuous screening of the genetic
properties is the most important in defining and
describing Cryptosporidium genetic diversity.
The aim of the present review is to report the
current status of the distribution of
Cryptosporidium species, genotypes and C.
parvum subtypes in cattle from Europe and
their zoonotic importance.
Species and genotypes distribution
Although many genes can be used for
Cryptosporidium species and genotypes
differentiation, the most widespread is the small
subunit (SSU) rRNA gene. This ribosomal
genomic gene can be replicated in multiple
copies. Other genes, such as the oocyst wall
protein (COWP), 70-kDa heat shock protein
(HSP70) and actin genes are more rarely used.
Especially for the bovine-origin specimens,
nested PCR analysis of the SSU rRNA gene was
2
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Table 1. Cryptosporidium species/genotypes and subtypes reported from bovines in Europe based on molecular data
Country

Belgium

Examined/
positive
832b/115

695c/382
Czech
Republic

995d/44
2*/2

1150d/154
Denmark

292c/100

England

215/60
2*/2
42*/3

France
142c/100

Germany

*/134

Hungary

79*/22

Ireland

288c/21
*/1

Species or genotype
(%)
C. parvum (90.5)
C. bovis (7.9)
C. suis (0.8)
NA (0.8)

IIaA15G2R1 (98.4), IIaA16G2R1 (3.3),
IIaA13G2R1 (1.1), IIaA14G2R1 (1.1),
IIdA22G1 (1.1)

C. andersonic'
(100%)
C. andersoni (93.2)
C. bovis (4.5)
C. parvum (2.3)
C. andersoni (50)
C. bovis (50)
C. parvum (50.6)
C. bovis (37.0)
Deer-like genotype (7.8)
C. suis-like genotype (1.9)
Pig genotype II (0.7)
Atypical isolates (1.9)
C. andersoni (69)
C. parvum (31)
C. parvum (92.6)
C. bovis (5.5)
Deer-like genotype (1.9)
C. parvum (100)
C. parvum (66.6)
C. bovis (33.3)
C. parvum (49.7)
C. ryanae (25.8)
C. bovis (24.5)
C. parvum (100)

C. parvum (27.8)
Deer-like genotype (1.2)
C. parvum (45.5)
C. andersoni (54.5)
C. parvum (100)

-

-

Langkjæer et al., 2007

-

Enemark et al., 2002

IIaA15G2R1 (68.6), IIaA17G2R1 (13.8),
IIaA16G3R1 (7.8), IIaA18G1R1 (3.9),
IIaA19G1R1 (3.9), IIaA14G2R1 (2)
IIaA20G3R1 (100)

-

Follet et al., 2009

IIaA15G2R1 (81.1), IIaA14G2R1 (3.8),
IIaA17G2R1 (3.8), IIaA18G2R1 (3.7),
IIaA21R1 (1.9), IIaA22G1R1 (1.9),
IIaA16G1R1 (1.9), IIdA22G1 (1.9)
IIaA16G1R1 (71.4), IIaA17G1R1 (14.2),
IIaA18G1R1 (4.8), IIdA19G1 (4.8),
IIdA22G1 (4.8)
IIaA13G2R1 (100)

C. parvum (100)
C. parvum (100)

2024b/101

C. parvum (100)

IIaA15G2R1 (54.8), IIaA18G2R1 (16.1),
IIaA17G2R1 (14.5), IIaA14 (8.1), IIaA13
(6.5)

C. parvum (100)

IIaA15G2R1 (69.0), IIaA17G1R1 (10.9),
IIaA16G3R1 (4.7), IIaA13G2R1 (1.5),
IIaA14G2R1 (1.5), IIaA17G2R1 (1.5),
IIaA18G4R1 (1.5), IIaA18R1 (1.5),
IIaA19G2R1 (1.5), IIaA11G2R1 (0.8),
IIaA12G2R1 (0.8), IIaA16G1R1 (0.8),
IIaA16G2R1 (0.8), IIaA18G3R1 (0.8),
IIaA19G1R1 (0.8), IIaA21G3R1 (0.8),
IIlA24R2 (0.8)

3

Chalmers et al., 2005
Paraud et al., 2009

*/15

*/160

Brook et al., 2009

-

-

1454*/48

Kváč and Vítovec,
2003

Hajdušek et al.. 2004

C. parvum (100)

C. parvum (70)
C. hominis (30)
C. parvum (100)

Geurden et al., 2007

-

*/3

90*/10

Reference

Ondráčková et al..
2009

IIaA16G1R1 (100)

*/29

Italy

Netherlands

Subtypesa

Broglia et al., 2008

Plutzer and Karanis,
2007
Moriarty et al., 2005
Wu et al., 2003
Cacciò et al., 2000;
2001
Cencioni, 2005
Grana et al., 2006
Duranti et al., 2009
Merildi et al., 2009
Mangili et al., 2009

Wielinga et al., 2007
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Table 1 (cont). Cryptosporidium species/genotypes and subtypes reported from bovines in Europe based on molecular data
Country

NorthernIreland

Poland

Examined/
positive

779*/224

Species or genotype
(%)

C. parvum (95.1)
C. bovis (3.6)
Deer-like genotype (1.3)

26*/8

C. parvum (100)

*/76

C. parvum (100)

Portugal
467b/82
*/22

C. parvum (100)

Scotland

b/411

C. parvum (99.5)
C. bovis (0.5)

103d/62

C. parvum (100)

IIaA15G2R1 (53.3), IIaA16G1R1 (33.3),
IIdA22G2R1 (13.4)
-

Reference

Thompson et al., 2007

Majewska et al., 2004
Alves et al., 2003;
2006
Mendonça et al., 2007
Imre et al., 2009; 2010
Smith et al., 2005

C. parvum (88.2)
C. bovis (5.9)
Deer-like genotype (5.9)

IIaA16G1R1 (33.3), IIlA16 (22.3),
IIaA18G1R1 (11.1), IIaA20G1R1 (11.1),
IIdA18G1b (11.1), IIlA17 (11.1)
IIaA15G2R1 (60.0), IIaA16G1R1 (13.4),
IIaA13R1 (11.1) IIaA16R1 (6.7), IIlA16
(4.4), IIlA18 (4.4)

*/4

C. parvum (100)

IIaA17G1R1 (100)

Stantic-Pavlinic et al.,
2003

287d/149

C. parvum (98.6)
C. bovis (1.4)

IIaA15G2R1 (75.7), IIaA16G3R1 (10.0),
IIaA18G3R1 (5.7), IIaA16G2R1 (2.9),
IIaA17G2R1 (2.9), IIaA19G3R1 (1.4),
IIdA23G1 (1.4)

Quilez et al., 2008

*/51

Slovenia

Spain

IIaA18G3R1 (56.1), IIaA15G2R1 (13.1),
IIaA17G2R1 (8.9), IIaA19G4R1 (7.0),
IIaA20G3R1 (2.8), IIaA17G3R1 (2.4),
IIaA19G3R1 (2.4), IIa-unknown (1.9),
IIaA20G5R1 (1.4), IIaA18G2R1 (1.0),
IIaA20G2R1 (1.0), IIaA16G3R1 (0.4),
IIaA17G1R1 (0.4), IIaA18R1 (0.4),
IIaA19G2R (0.4), IIaA20G4R1 (0.4)
IIaA15G2R1 (84.7), IIaA16G2R1 (9.7),
IIdA17G1 (5.6)

C. parvum (100)
C. andersoni (1.2)
C. meleagridis (1.2)

Romania

Serbia and
Montenegro

Subtypesa

C. parvum new genotype
(100)
C. bovis (75.5)
IIaA18G1R1 (15.4). IIdA20G1e (15.4),
Sweden
C. parvum (13.6)
IIdA23G1 (15.4), IIaA21G1R1 (15.4)
d
1202 /110
C. ryanae (9.1)
IIaA15G1R1 (15.4), IIaA16G1R1 (7.7),
C. andersoni (1.8)
IIdA22G1c (7.7), IIdA16G1 (7.6),
Wales
101d/7
C. andersoni (100)
a – numbers in parantheses are percents from the total number of C. parvum GP60 subtyped;
b – the sample origin was mixed dairy and beef cattle;
c – the sample origin was from beef cattle;
c' – the bovines were monitored only for the presence of C. andersoni;
d – the sample origin was from dairy cattle;
* - unspecified data;
NA – no amplification.
50b/2

In Belgium, the study carried out by Geurden et
al. (2007) showed that C. parvum is the main
cause of bovine cryptosporidiosis. Feces from
499 dairy and 333 beef calves were collected
and tested for Cryptosporidium by DFA
microscopy,
followed
by
molecular
characterization of positive samples. The
overall prevalence was 13.8%. Cryptosporidium
parvum, C. bovis and C. suis were identified in
104, 9 and respectively 1 sample using PCR.
The identity of one species remained uncertain.

Misic and Abe, 2007

Soba and Logar, 2008

Björkman and
Mattson, 2006
Silverlås et al., 2010
Robinson et al., 2006

In a long term study from Northern Ireland, of
the 779 cattle examined cattle, 224 were
positive for Cryptosporidium. Of these, C.
parvum was identified in 213 (95.1%), C. bovis
in eight (3.6%), and Cryptosporidium deer-like
genotype in three (1.3%) specimens.
Similar results were published by Brook et al.
(2009) in England, who found C. parvum in
92.6% followed by C. bovis (5.5%) and the
deer-like genotype (1.9%).
4
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Broglia et al. (2008) carried out a study to
determine if Cryptosporidium infections are
present in pre-weaned calves from different
German Federal States. In 134 fecal samples
Cryptosporidium species were identified using
SspI, MboII and RsaI endonucleases for the
digestion of 18S rDNA and COWP amplified
fragments. In all samples, restriction patterns
corresponding to C. parvum were identified.

In southwestern Bohemia (Czech Republic) a
long term study of a selected breed of beef
cattle has been conducted. Feces from 599 beef
calves and 96 cows were collected and tested
for Cryptosporidium. Based on molecular
methods, C. andersoni was identified in 340
fecal samples from beef calves and 42 samples
from cows (Kváč and Vítovec, 2003). In this
study the prevalence of C. andersoni was very
high compared with prevalence values
reported in other studies. Another studies in
dairy cattle from Czech Republic reported high
rates of C. andersoni (Hajdušek et al., 2004;
Ondráčková et al., 2009).

The same picture was described in Serbia and
Montenegro by Misic and Abe (2007) from 10
farms in the Belgrade area. Of 103 examined
dairy calves, 60.2% were positive for
Cryptosporidium infection by PCR. All of them
were identified as C. parvum by PCR-RFLP of
SSU rRNA and COWP genes. Stool samples from
160 Cryptosporidium infected cattle were
submitted
to
PCR-RFLP
analysis
in
Netherlands. All of the cattle isolates were
infected with C. parvum. In Hungary, C. parvum
was also found to be the primary species in
pre-weaned calves with diarrhea from 52
farms in nine counties (Plutzer and Karanis,
2007). Other studies, conducted in France
(Paraud et al., 2009), Scotland (Smith et al.,
2005), Slovenia (Soba and Logar, 2008) and
Spain (Quilez et al., 2008) have reported C.
parvum as the most common species in young
dairy calves, followed by C. bovis. In Romania,
outbreaks of cryptosporidiosis produced by C.
parvum were responsible for diarrhea in 22
pre-weaned dairy calves (Imre et al., 2009). In
other countries such as Poland (Majewska et
al., 2004) or Portugal (Alves et al., 2003; 2006),
infections with C. parvum appear to be the
most common.

In Wales, of the 101 samples collected from
dairy cattle, 7 (6.9%) were positive for C.
andersoni (Robinson et al., 2006). In addition,
C. andersoni infections have been reported to
be found in dairy cattle in Sweden (Silverlås et
al., 2010) and Portugal (Mendonça et al., 2007).
Natural infections with C. bovis have been
found in various regions of Europe, such as
Belgium, Czech Republic, Denmark, England,
France, Northern Ireland, Scotland, Slovenia,
Spain and Sweden (Hajdušek et al., 2004; Smith
et al., 2005; Thompson et al., 2007; Geurden et
al., 2007; Langkjæer et al., 2007; Quilez et al.,
2008; Soba and Logar, 2008; Brook et al., 2009;
Follet et al., 2009; Ondráčková et al., 2009;
Paraud et al., 2009; Silverlås et al., 2010). In
Sweden, feces from dairy cattle were processed
by PCR followed by sequencing of the 18S
rRNA gene. Of 1202 fecal samples examined
110 (9.15%) had oocysts. C. bovis, C. parvum, C.
ryanae and C. andersoni were identified in 83,
15, 10 and 2 samples, respectively (Silverlås et
al., 2010). The genetic diversity of
Cryptosporidium from dairy cattle in Denmark
was determined by Langkjæer et al. (2007).
According to the molecular characterization,
out of 1150 cattle, originating from 50 dairy
herds, 154 were amplified and sequenced
successfully. Overall, C. parvum, C. bovis, the
deer-like genotype, C. suis-like genotype, the
pig genotype II, and atypical isolates were
diagnosed in 78, 57, 12, 3, 1 and 3 samples,
respectively.

High rates of C. andersoni infection in beef
cattle were confirmed in various parts of
Europe (Enemark et al., 2002; Kváč and
Vítovec, 2003; Moriarty et al., 2005; Robinson
et al., 2006). This species infects the
abomasums of juvenile and mature cattle. In
the Ireland, fecal samples from 218 beef cattle
were
submitted
for
detection
of
Cryptosporidium. Cryptosporidium andersoni
(5.04%) and C. parvum (4.58%) were detected
in 11 and 10 fecal samples, respectively
(Moriarty et al., 2005). In Denmark, 69 (23.6%)
and 31 (10.6%) out of 292 beef cattle fecal
samples were positive for C. andersoni and C.
parvum (Enemark et al., 2002).

Bovine cryptosporidiosis caused by C. ryanae
was detected in France and Sweden (Follet et
al., 2009; Silverlås et al., 2010). In a study on
beef cattle carried out by Follet et al. (2009) in
5
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France, the prevalence of C. ryanae (17.6%)
was higher than reported in Sweden (Silverlås
et al., 2010).

Of 931 C. parvum subtypes, 515 (55.3%) were
confirmed as IIaA15G2R1. This subtype was
predominantly identified in Belgium (Geurden
et al., 2007), England (Brook et al., 2009),
Germany (Broglia et al., 2008), Italy (Duranti et
al., 2009), Netherlands (Wielinga et al., 2007),
Portugal (Alves et al., 2006), Romania (Imre et
al., 2010), Slovenia (Soba and Logar, 2008) and
Spain (Quilez et al., 2008).

Other Cryptosporidium species naturally
infecting calves are rarely reported. The
porcine-specific C. suis was identified in one
beef calf in Belgium (Geurden et al., 2007); the
avian-related species, C. meleagridis was found
in one adult cattle in Northern Portugal
(Mendonça et al., 2007). The anthroponotic C.
hominis was recently diagnosed in three cattle
in Italy by Merildi et al. (2009). Infections with
the deer-like genotype have been found
sporadically in England (Brook et al., 2009),
Denmark (Langkjæer et al., 2007), Hungary
(Plutzer and Karanis, 2007), Northern Ireland
(Thompson et al., 2007) and Slovenia (Soba
and Logar, 2008). Cryptosporidium suis-like
genotype was found in three cattle in Denmark
and the pig genotype II in a cow (Langkjæer et
al., 2007).

Several other subtypes were found dominant
in most areas studied. For instance,
IIaA16G1R1 is a major subtype in Hungary
(Plutzer and Karanis, 2007) and Serbia and
Montenegro (Misic and Abe, 2007). In
Northern Ireland the most common subtype
was IIaA18G3R1 (Thompson et al., 2007).
High subtype diversity of C. parvum was
reported in many European countries. In
Netherlands, the study carried out by Wielinga
et al. (2007) found 17 subtypes. In Northern
Ireland, GP60 sequence analysis of 214 bovine
samples revealed 15 subtypes from the family
IIa (table 1). Subtyping of C. parvum isolates in
Germany indicated the presence of 7 alleles of
IIa subtypes, along with the 1 subtype
IIdA22G1 (Broglia et al., 2008). Similar results
were published in Belgium (Wielinga et al.,
2007), Hungary (Plutzer and Karanis, 2007)
and Spain (Quilez et al., 2008) where IId
subtypes were found only occasionally. In
England, subtype IIaA15G2R1 was responsible
for 69.6% of C. parvum infections in calves. The
second most common and widely distributed
subtype was IIaA17G2R1 (13.2%) followed by
IIaA16G3R1 (7.5%), IIaA18G1R1 (3.8%),
IIaA19G1R1 (3.8%), IIaA20G3R1 (3.8%) and
IIaA14G2R1 (1.9%), respectively (Chalmers et
al., 2005; Brook et al., 2009).

C. parvum subtype families and their
distribution
The anthropozoonotic C. parvum subtyping
tools have been based on the 60-kDa
glycoprotein gene (GP60). The GP60 gene (also
known as Cpgp15/45) is the most polymorphic
marker of Cryptosporidium genome. It is
similar to a microsatellite sequence repeated in
tandem at the end 5´ and is encoded by TCA,
TCG and TCT trinucleotides. The subtype allele
families differ from each other by the number
of repeated trinucleotides (Xiao, 2010).
Moreover, C. parvum IIa-IIk is classified
according on GP60 sequence data (Soba and
Logar, 2008).
Currently, sequencing availability varies in
different parts of Europe. In the last eight years
(2003-2010), 926 subtypes of C. parvum in 17
scientific works from 14 countries were
reported. Geographic distribution of C. parvum
subtypes in bovines based on GP60 subtyping
is shown in table 1.

Interesting results have been published
recently in Sweden by Silverlås et al. (2010),
where sequencing of the GP60 gene was
successful in 13 of the C. parvum samples. Eight
different subtypes from two subtype families
(IIa and IId) had approximately equal
distribution (table 1). Three subtypes within C.
parvum IIa (IIaA16G1R1, IIaA18G1R1, and
IIaA20G1R1) were diagnosed in Serbia and
Montenegro. Cryptosporidium parvum IIl was
identified in six bovine isolates (IIlA16 in four
cattle and IIlA17 in two specimens,

In Europe, IIa zoonotic subtypes were
dominant (96.7%) followed by IId (2.1%) and
IIl (1.2%) (misnamed as IIj in some
publications) subtypes which were found
occasinally in some countries.
6
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respectively). The presence of IIdA18G1b
subtype was also reported (Misic and Abe,
2007). The finding of the IIl zoonotic subtype
family has been confirmed from Netherlands
(Wielinga et al., 2007) and Slovenia (Soba and
Logar, 2008). In Slovenia, three and two
subtypes were diagnosed within IIa and IIl,
respectively.

Given the importance of this zoonosis, the
number of molecular and genetic research is
increasing gradually. If the epidemiosurvey,
subtyping and genomic studies continue, there
are chances that new Cryptosporidium species,
genotypes and subtypes will be found in cattle.
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