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This study reports the prevalence of Cryptosporidium, Giardia and Isospora species
in cats showing signs of gastrointestinal disease. Records from a United
Kingdom commercial diagnostic laboratory between December 2003 and
December 2005 were reviewed. Of 1355 cats, Cryptosporidium species oocysts
were found in 13 cats (1%), Giardia species trophozoites in 74 (6%), and Isospora

felis oocysts in 46 (3%). In a second group of 48 cats, prevalence of Giardia species
was 15% using an immunoassay for detection of antigen compared to 4%
detected with microscopy. Prevalence of Giardia (9%) and Isospora (9%) species
was higher in cats less than 6 months old. Gender and breed did not affect
prevalence. There was a trend for Cryptosporidium and Isospora species infections
to be detected in late autumn and early winter. Regional differences in
prevalence were not detected. None of these organisms show a characteristic
pattern of clinical signs. This study demonstrates that enteric protozoal infection
is common in domestic cats showing signs of alimentary disease.
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he enteric protozoal parasites Cryptospo-

I ridium species, Isospora species and
Giardia duodenalis are pathogenic to a
wide range of mammalian hosts. In humans,
cryptosporidiosis and giardiasis are both impor-
tant ‘re-emerging diseases” (Robertson et al 2000,
Thompson 2000). The parasites are considered as
a significant risk to immunocompromised people
and are commonly recognised causes of diar-
rhoea in human infant day care centres (WHO
1996, Robertson et al 2000). Significant clinical in-
fection has also been reported in immunocompe-
tent adults (Martins and Guerrant 1995, Ramirez
et al 2004).

In cats, infection with Cryptosporidium species
and Giardia duodenalis is frequently subclinical.
Clinical signs can occur, however, and generally
include diarrhoea (Brightman and Slonka 1976,
Wilkinson 1977, Bennett et al 1985, Barr and
Bowman 1994, Robertson 2000). The reported
prevalence of cryptosporidiosis and giardiasis
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in the cat population is variable, yet frequently
high; worldwide studies show prevalences of
up to 12% and 80%, respectively (Nash et al
1993, McGlade et al 2002). Variability is partly
derived from the diversity in the techniques
used for detection: notably, McGlade employed
the more sensitive technique of polymerase chain
reaction (PCR) to detect Giardia duodenalis. The
role of the domestic cat in zoonotic transmission
is unclear (Glaser et al 1998, Robertson et al 2000,
Thompson 2004, Vasilopulos et al 2007).

Despite the potential risk for human spread,
current prevalence data from the United King-
dom (UK) cat population are limited. Only one
group has studied cats in the UK (Mtambo et al
1991, Nash et al 1993). This was limited geo-
graphically, looked at Cryptosporidium species
exclusively and involved only small number of
cats. The majority of overseas studies have inves-
tigated stray cats or cats obtained from a shelter,
where the incidence of parasitism generally is
considered higher than in pet cats (Swan and
Thompson 1986, Hill et al 2000, Huber et al 2002,
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McGlade et al 2003a,b, Serra et al 2003). Most stud-
ies examining pet populations do not discriminate
between cats showing signs of alimentary tract
disease and those free of signs.

Isospora species commonly infect cats, yet
clinical disease is mostly seen in young, immu-
nocompetent or stressed hosts (Dubey 1993,
Lindsay et al 1997). In kittens, Isospora species
infection may result in diarrhoea that may be
mucoid or bloody, with rapid improvement of
clinical signs occurring following treatment
with toltrazuril (Lloyd and Smith 2001, O’Brien
et al 2002). The infection is common around the
world, with a reported prevalence as high as
44% (Serra et al 2003). The prevalence of Isospora
species infection in the UK pet cat population is
unknown.

This study aimed to evaluate prevalence of
Cryptosporidium species, Giardia duodenalis and
Isospora species infection in a cohort of cats dis-
playing signs of alimentary disease. Our purpose
was to identify if demographic factors, such as
signalment, region or season, were correlated
with prevalence.

Materials and methods

Study population

Three populations were examined. The first
(group 1) involved domestic cats, which had
a faecal sample submitted to a commercial diag-
nostic laboratory (NationWide Laboratories, Lan-
cashire, UK) between December 8 2003 and
December 7 2005 for bacteriology and parasitol-
ogy using standard UK laboratory techniques.
The second (group 2) involved domestic cats,
which had faecal samples submitted between
March and May 2007 for bacteriology and para-
sitology. Inclusion of this additional cohort of
cats aimed to assess whether the prevalence of
Giardia species had been underestimated with
conventional laboratory techniques, thus en-
zyme-linked immunosorbent assay (ELISA) was
used for detection of Giardia duodenalis in addi-
tion to the standard technique. A third popula-
tion (control) consisted of pet cats displaying
no gastrointestinal signs.

Samples from groups 1 and 2 were submitted
from mainland Great Britain, Northern Ireland,
the Isle of Man and the Channel Islands. Typi-
cally, the reason for submission was investiga-
tion of gastrointestinal signs. Veterinarians were
requested to send three faecal samples collected
over a 48-h period. It is unclear whether all

submissions contained multiple faecal samples.
Computerised laboratory records were reviewed
for age, breed, gender, date of sampling, and
location of the submitting veterinary practise
(by postcode). Seasonal prevalence trends were
assessed in group 1 cats only as the duration
for data collection from cats in group 2 did not
span 12 months. Frequency and type of clinical
signs in cats with documented enteric protozoal
infections were recorded.

Group 3 comprised a total of 45 cats without
signs of alimentary disease. Sixteen were owned
by staff from Liverpool University, while clinic-
visiting cats at first-opinion practises in Liverpool
or rural Scotland (nine and 20 cats, respectively)
made up the remainder of cats.

Laboratory techniques

To detect Cryptosporidium species oocysts, air-
dried, auramine phenol-stained faecal smears
were examined microscopically under ultraviolet
illumination. Positive results were confirmed by
modified Ziehl—Nielsen staining and micro-
scopic examination under 1000x.

Wet faecal preparations were prepared for the
identification of Giardia species trophozoites. An
ELISA (ProSpecT Giardia Microplate Assay, Re-
mel, Dartford, Kent) detecting Giardia specific an-
tigen 65 was also employed for cats from groups
2 and 3 for Giardia species detection, following
manufacturer’s directions. Faeces were frozen
at —20 to —70°C for up to 2 months prior to ELISA
testing, as authorised by the assay instructions.

Isospora felis oocysts were concentrated by the
McMaster flotation technique using a saturated
zinc sulphate salt solution and examined under
100x magnification. The same technique was
used to identify helminth ova. For all organisms,
known positive and negative samples served as
controls.

Microbiology techniques performed on the
faeces included inoculation of blood agar and
MacConkey agar plates for aerobic incubation,
of blood agar for anaerobic incubation, of Sele-
nite broth for selective culture of Salmonella spe-
cies and campylobacter agar for selective culture
of Campylobacter species in a 10% carbon dioxide
environment. Agar plates were examined at 24 h,
and re-incubated for a further 24 h if negative.

Statistical analysis

Data were entered into a statistical software
programme (Minitab 14.0, Minitab Ltd, State
College, PA, USA). Simple descriptive statistics
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were produced. Groups were analysed sepa-
rately for calculation of prevalence data unless
specified. Comparison of categorical variables
was by y” analysis or the Fisher’s exact test, as
appropriate. Significance was set at P < 0.05.

Results

Cat population sampled

Group 1 of the study consisted of 1355 cats. Age
was known for 1152 cats for which the median
age of the population was 24 months (range
1—240). Eighteen percent of cats were less than
6 months of age and 31% were less than 1 year
old. Males comprised 54% of the population.
Breed was recorded for 1260 cats; of the 27 differ-
ent breeds represented, Siamese (63) and Persian
(66) cats were most common. In total, there were
379 pedigree and 881 mixed breed cats.

Forty-eight cats were included in group 2. For
38 cats where age was recorded, the median age
was 84 months (range 2—204). Gender was
known for 46 cats, with 25 (54%) males and 21 fe-
males (46%). Four cats (10%) were less than 6
months and 10 (25%) were less than 1 year old.
Breed was recorded for 45 cats, with 32 mixed
breed and 13 pedigree cats.

Forty-five cats were included in group 3. The
median age for this population was 96 months
(range 1—240). Three cats (6%) were less than 6
months and seven (16%) were less than 1 year
old. There were 26 females (60%) and 19 males
(40%), and four (8%) pedigree and 41 (92%)
mixed breed cats.

Samples from groups 1 and 2 were submitted
from mainland Great Britain, Northern Ireland,
the Isle of Man and the Channel Islands. Five-
hundred and sixty-four (43%) samples came
from north-west England, 181 (14%) from the
Midlands, 221 (17%) from south-east England,
129 (10%) from north-east England, 65 (5%) from
East Anglia, 65 (5%) from south-west England,
31 (2%) from Wales, 26 (2%) from Scotland, and
the remainder from Northern Ireland, the Isle of
Man and the Channel Islands. Group 3 cats were
owned by staff from Liverpool University (16),
or were clinic-visiting cats at first-opinion prac-
tises in Liverpool (nine) or rural Scotland (20).

Overall prevalence of enteric protozoal
infections

Cryptosporidium, Giardia and Isospora species
were identified by microscopy in 129 of 1355

cats in group 1 (10%). Thirty-two cats in total
were infected with more than one organism
(25% of total infected). Of these, four cats were
infected with more than one protozoal organism
(3%). The remainder had concurrent infection
with either Salmonella species, Campylobacter
species or Toxocara cati.

Cryptosporidium species infection

Cryptosporidium species oocysts were identified
in 13 of 1355 group 1 cats (1%) only. In 12 cats,
Cryptosporidium species was the only isolate.
One cat was co-infected with Giardia species.
There was no significant difference in prevalence
between genders or age, and the prevalence in
pedigree and mixed breed cats was similar. Me-
dian age of infected cats was 36 months (range
4—171). A higher prevalence of oocyst shedding
was found in the period from October to Decem-
ber (Fig 1). No significant differences in preva-
lence were found between regions.

Giardia duodenalis infection

Giardia species infection was found by micros-
copy in 74 of 1355 (6%) group 1 cats and 2 of
48 (4%) group 2 cats and 0 of 45 (0%) group 3
cats. In the cats from group 2, ELISA detected
a higher prevalence of Giardia duodenalis (seven
cats, 15%) compared to the number detected us-
ing microscopy (2/48, 4%), although the differ-
ence did not reach significance (P =0.09). Two
cats in group 3 (4%) were positive for Giardia
duodenalis using ELISA.
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Fig 1. Bar chart showing seasonal prevalence for shedding

of Cryptosporidium species oocysts. Bars indicate observed
prevalence, and dark vertical bars show the 95% confidence
interval. Increased shedding occurred during the months of
October to December (P = 0.005; Fisher’s exact test).
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Of the cats known for certain to have Giardia
species infections based either on microscopy
or ELISA, 70 were infected by giardia alone
and 13 were co-infected by another enteropatho-
gen (Campylobacter species, n=8; Isospora felis,
n=2; Toxocara cati, n=1; Cryptosporidium spe-
cies, n=1; both Campylobacter species and Iso-
spora felis, n=1). There was no significant
difference in prevalence between genders or
amongst breeds for any group. Median age of in-
fected animals showing signs was 12 months
(range 1—182 months). In cats for which age
was known, the prevalence of giardia in cats
less than 6 months old (22/251; 9%) was signifi-
cantly higher than in cats aged 6 months or older
(47/939; 5%, P =0.03) for cats showing clinical
signs. No significant seasonal or regional trends
were evident.

Isospora felis infection

Isospora felis infection was found in 46 of 1355
(4%) cats, all in group 1. Thirty-five cats were
infected by I felis alone, whereas 11 were
co-infected by another potential pathogen (Cam-
pylobacter species, n=6; Giardia species, n=2;
Salmonella species, n = 2; both Campylobacter spe-
cies and Giardia species, n=1). There was no
significant difference in prevalence between
genders or amongst breeds. Median age of in-
fected animals was 4 months (range 1-156
months). In cats for which age was known,
prevalence in cats <6 months of age (22/251
positive, 9%) was significantly higher than in
cats >6 months (17/939, 2%) (P <0.001). A
higher prevalence of infection was detected dur-
ing October to December (P < 0.001, Fig 2).

Clinical signs in infected cats

Signalment and clinical signs are summarised in
Table 1. Whilst diarrhoea was the most frequently
reported sign, others included haematochezia,
weight loss, vomiting and systemic malaise. The
identity of the protozoal parasite did not produce
significantly different clinical signs in infected
cats. The presence or absence of protozoal para-
sites was not correlated with the duration of diar-
rhoea (ie, chronic versus acute).

Discussion

Cryptosporidium, Giardia and Isospora species are
commonly detected in the faeces of domestic
cats showing signs of alimentary disease across
the UK. The extent to which they actually

12

Jan-Mar April-June July-Sept Oct-Dec
Month

Prevalence{%]}

Fig 2. Bar chart showing the seasonal prevalence for shed-
ding Isospora felis cysts. Bars indicate observed prevalence,
and dark vertical bars show the 95% confidence interval.
Increased shedding occurred during the months of October
to December (P < 0.001).

contribute to disease is currently unclear, be-
cause in order to determine disease causation it
is necessary to not only show the presence of
an enteropathogen, but to show that its elimina-
tion results in resolution of the observed clinical
signs. The present findings generally agree with
similar work examining their prevalence in vari-
ous populations worldwide. Such studies show
the prevalence of Cryptosporidium species in
cats to be as high as 12.3% (Arai et al 1990,
Mtambo et al 1991, Nash et al 1993, Sargent
et al 1998, McReynolds et al 1999, Hill et al 2000,
Spain et al 2001, Huber et al 2002, Nutter et al
2004, Lopez et al 2006). Prevalence of Cryptospo-
ridium species varies, however, with some stud-
ies failing to detect the organism (Kirkpatrick
1988, Vanparijs et al 1991, Nolan and Smith
1995, Barutzki and Schaper 2003, Epe et al 2004).
Data on Giardia species infection in cats show
a similarly wide range of prevalence (1—52%)
(Swan and Thompson 1986, Kirkpatrick 1988,
Winsland et al 1989, Tonks et al 1991, Meloni et
al 1993, Hill et al 2000, Spain et al 2001, Huber
et al 2002, Barutzki and Schaper 2003, McGlade
et al 2003a,b, Serra et al 2003, Bianciardi et al
2004, Cirak and Bauer 2004, Epe et al 2004, Gookin
et al 2004, Nutter et al 2004, Robben et al 2004,
De Santis-Kerr et al 2006). Studies reporting the
prevalence of I felis infection are limited; studies
state the prevalence for coccidia to be 1—44%, as-
suming the majority to be I felis (Kirkpatrick
1988, Vanparijs et al 1991, Nolan and Smith 1995,
Barutzki and Schaper 2003, Serra et al 2003, Epe
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Table 1. Clinical signs in animals from groups 1 and 2 infected with Cryptosporidium, Giardia, and

Isospora species

Clinical signs

Cryptosporidium infection

Giardia infection Isospora infection

Diarrhoea 5/5 (100%)
Chronicity

Acute 0/5 (0%)
Chronic 4/5 (80%)
Unknown 1/5 (20%)
Fresh blood present 1/5 (20%)
Melaena 0/5 (0%)
Weight loss 1/5 (20%)
Vomiting 0/5 (0%)
Systemic malaise 0/5 (0%)
In-contact cats with signs 0/5 (6%)

37/37 (100%) 17/17 (100%)

3/37 (8%)
21/37 (57%)
13/37 (35%)

8/37 (22%)

0/37 (0%)

2/37 (5%)

0/37 (0%)

1/37 (3%)

2/37 (5%)

2/17 (12%)
7/17 (41%)
8/17 (48%)
2/17 (12%)
0/17 (0%)
2/17 (12%)
1/17 (6%)
1/17 (6%)
4/17 (2%)

Numbers are expressed as the proportion of cats for which accurate information was available (percentage in

brackets).

et al 2004, Robben et al 2004, De Santis-Kerr et al
2006).

Across previous studies, population source
(domestic pet versus non-pet) has been shown
to influence the observed prevalence (Swan and
Thompson 1986, Hill et al 2000, Huber et al
2002, McGlade et al 2003a,b, Serra et al 2003).
Whilst this may reflect differences in general
health amongst populations, higher prevalence
in dense populations may be expected because
of increased ease of transmission. The high prev-
alence of Cryptosporidium species found in the
Glasgow study (12.3%) was derived from a small
population from just eight farms (Nash et al 1993).
Similarly, a high prevalence of Giardia species
(50%) was detected in a Persian cattery by Kirkpa-
trick (1988). A domestic population consisting of
owned cats, visiting a veterinary surgeon, was
included in the current study, which may par-
tially explain the low levels of infection detected
compared to some previous studies. In contrast,
the prevalence of Giardia species and I felis in the
current study is higher than that reported in
a similar vet-visiting population in the US,
which documented the lowest recorded preva-
lence for Giardia species (0.6%) and coccidia
(1.4%) worldwide (De Santis-Kerr et al 2006).

The methods used for detection of parasites are
likely to play a great role in the variable preva-
lence detected worldwide. In the current study,
the true prevalence of protozoans might be higher
due to intermittent excretion of trophozoites and
oocysts or low sensitivities of commercial labora-
tory techniques. Microscopy was used for detec-
tion of Cryptosporidium species oocysts. Whilst

microscopic examination of two consecutive
feline faecal samples for Cryptosporidium species
oocysts has similar or superior sensitivities to
commercial enzyme immunoassays (EIAs) tested,
it is unclear whether all submissions contained
multiple faecal samples as requested by the labo-
ratory (Marks et al 2004). PCR assay may be
a more sensitive technique (Scorza et al 2003).
The methods used for detection of Giardia
species may also markedly affect prevalence
(McGlade et al 2003a,b), and this has been further
demonstrated in the current study with a three-
fold difference in prevalence detected with ELISA
compared to direct-smear microscopy for tropho-
zoites. Trophozoites rapidly disintegrate in faeces
over time, thus reducing the likelihood of micro-
scopic identification (Bianciardi et al 2004), while
oocysts are excreted intermittently, making sub-
mission of multiple specimens mandatory if rely-
ing on this older methodology. In dogs, there is
marked variation in the sensitivity for detecting
Giardia species using zinc sulphate concentration
techniques (ZSCT) depending on the number of
faecal samples tested (Barr 2006). This may also
be true in cats, and when using a direct-smear
technique. A further limitation of the direct-smear
technique employed is its lower sensitivity com-
pared to the ZSCT and antigen detection (Barr
2006), however, both the antigen detection assay
used in the current study and a similar commer-
cial ELISA test are more sensitive than ZSCT in
detecting Giardia species in cats (McGlade et al
2003b, Cirak and Bauer 2004). Thus, while the mi-
croplate assay used in the current study has not
been validated for cats, it is clear from previous
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data that its sensitivity should exceed that of the
previously established ZSCT technique (Cirak
and Bauer 2004). There is no established gold
standard detection method for Giardia species,
and there is very limited data on specificity and
sensitivity of different ELISA tests (Groat 2003),
but it seems likely that underestimation of infec-
tion is the most likely error.

Numbers in group 2 were small, and sampling
was restricted to a 3-month period, but 15% of
cats were Giardia species antigen positive. Ide-
ally, samples obtained from a larger cohort of
cats over a 12-month period would provide con-
firmation of this, and would allow further assess-
ment of any effects of season. Finally, using PCR
for detection of Giardia species may be superior
still, although disadvantages of the technique in-
clude the current lack of commercial availability
and the potential for contamination causing false
positive results (McGlade et al 2003a,b). Given
that the prevalence results are likely to be an un-
derestimate, this further highlights the presence
of significant number of potentially pathogenic
and zoonotic enteric pathogens in our pet popu-
lation. Additionally, the data reinforce to practi-
tioners the importance of requesting use of the
more sensitive techniques in commercial UK
laboratories, such as an ELISA for detection of
Giardia species antigen, in particular when multi-
ple faecal samples are not obtained. In house
‘cage side’ kits using ELISA technology, there-
fore, have much to recommend them.

The current study demonstrated G duodenalis
and [ felis infection to be more common in cats
under 6 months of age. Data examining age as
a risk factor for individual pathogens in cats
are limited; however, the age distribution of I felis
in this study supports findings from recent work
in cats in Chile and North America (De Santis-
Kerr et al 2006, Lopez et al 2006). The latter study
also identified a higher prevalence of Giardia spe-
cies infection in cats less than 4 years old. Imma-
turity is considered to be a significant risk factor
for giardiasis in humans and dogs, suggesting
that immunity develops with age (Bianciardi
et al 2004). Similarly, cats may develop immunity
to I felis and have no or decreased oocyst produc-
tion after oocyst challenge (Lindsay et al 1997).
Development of humoural immunity with age
may have contributed to the lower prevalence
seen in mature cats in this study.

Seasonal trends were detected for Cryptosporid-
ium species and I felis infection, with a higher
prevalence found in October to December. Whilst
a similar seasonal trend has been documented

for C hominis infection in humans and a seasonal
trend for coccidial infection in general was re-
ported for summer, spring and autumn
(McLaughlin et al 2000, De Santis-Kerr et al
2006), no previous studies have shown seasonal-
ity for Cryptosporidium species or I felis in dogs or
cats. The reason for our finding is unclear; sea-
sonal variation may be caused by the effect of
climate on the parasite or host physiology
(Becker et al 1977, Kirkpatrick 1988). An ex-
pected confounding factor was age, considering
the seasonal feline reproductive cycle in the UK
and the impact of age on prevalence of I felis.
However, cats sampled during October to De-
cember were not younger. This may suggest the
trend was genuine, however, the possibility that
the kittens act as a source of re-infection for
adults in multi-cat households must be consid-
ered. A limitation of this work was the 2-year du-
ration of the study for analysis of group 1;
ideally, serial time studies over several years al-
low more robust conclusions over seasonality
to be drawn. Nonetheless, the trend is interesting
and should be explored further.

The clinical significance of feline protozoal en-
teric pathogens remains unclear. Diarrhoea has
been reported as the major clinical disease for
Cryptosporidium species, Giardia and Isospora
species infections, with clinical infection more
frequent in young immunologically naive or im-
munocompromised individuals (Brightman and
Slonka 1976, Wilkinson 1977, Bennett et al 1985,
Robertson 2000). However, subclinical infection
is likely to be common also, and identifying path-
ogens does not necessarily indicate that they are
the cause of disease (Arai et al 1990, Asahi et al
1991, Lindsay and Blagburn 1991, Mtambo et al
1991, Dubey 1993, Nash et al 1993, Thompson
2004). Interestingly, Giardia duodenalis was de-
tected in small number in the control population
(group 3), which by definition was devoid of
clinical signs. Few studies have examined popu-
lations displaying signs typical of alimentary dis-
ease, the population most likely to be tested by
veterinarians. Caution is needed in making con-
clusions about the frequency of specific clinical
signs associated with parasitism in this study, as
it cannot be certain that all signs were recorded
by the submitting veterinary surgeon. Neverthe-
less, it is clear that while a substantial proportion
of animals with diarrhoea may harbour enteric
protozoa, the majority do not. Additionally, to
accurately address the differences in parasite
prevalence between a cat population with signs
of alimentary disease and one free of clinical
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signs, a large, nationally derived control popula-
tion accrued over a similar 2-year period would
be desirable.

Finally, prevalence data are an essential com-
ponent for evaluation of zoonotic risk, but knowl-
edge of the specific genotype and species of
Giardia and Cryptosporidium species, respectively,
would be vital for this assessment. Infection of
humans by C felis has been reported (Pedraza-
Diaz et al 2001, Caccio et al 2002, Gatei et al
2002). However, the majority of studies examin-
ing zoonotic risk were performed prior to routine
use of PCR, making assessment of risk difficult.

In conclusion, this is the largest study of its
kind investigating prevalence of Cryptosporidium,
Giardia and Isospora species infection in domestic
cats with alimentary signs. The results show that
enteric protozoal infection is prevalent in the UK,
but that none of these organisms show a charac-
teristic pattern of clinical signs. Importantly, in-
fection with Giardia duodenalis may be missed
using conventional microscopy for diagnosis.
Both Giardia species and I felis infection are
more common in cats less than 6 months of age
and Cryptosporidium species and I felis infection
are more prevalent towards the end of the year.
The results highlight the potential role of domes-
tic cats for zoonotic transmission of cryptospo-
ridiosis and giardiasis. Routine treatment of
young cats with toltrazuril (for coccidia) and
subsequently febantel/pyrantel for three consec-
utive days (for helminths and Giardia species)
has much to recommend it, both for the benefit
of the cat and also for the reduced zoonotic risk
to its owners and other human contacts.
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