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SUMMARY

The public health significance of giardiasis and cryptosporidiosis in sheep is currently unclear.

Some research suggests that they are probably not an important zoonotic reservoir, whilst other

research indicates this potential exists, and some outbreaks have also been associated with

infections in sheep. Actions to limit water supply contamination by sheep have sometimes been

severe, occasionally creating problems between farming and public health communities. Here our

knowledge on these parasites in both sheep and goats is reviewed; although direct evidence of

transmission to humans via water supply contamination is limited, the data accrued indicate that

this is a real possibility. As cryptosporidiosis in sheep is generally more prevalent than giardiasis,

and species/genotypes of Cryptosporidium infections in sheep are likely to be infectious to

humans, this parasite may be considered the greater threat. Nevertheless, geographical variation

in prevalence and genotypic distribution is extensive and as measures to limit sheep grazing can

have a highly negative impact, it is important that cases are judged individually. If water

contamination from a particular population of sheep/goats is suspected, then suitable

investigations should be instigated, investigating both prevalence and species/genotype, before

precautionary measures are imposed.
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INTRODUCTION

Giardiasis and cryptosporidiosis are intestinal proto-

zoan infections with a global distribution, which may

cause diarrhoeal disease in the infected host. Both

parasites may be transmitted to humans by ingestion

of their infectious stages (cyst and oocyst respectively),

which are environmentally robust. Infected hosts may

excrete very high numbers of the transmission stages,

whilst relatively few are necessary in order to initiate

an infection, thus lending themselves to transmission

via environmental contamination. Both parasites have

been associated with community-wide outbreaks, in

which contaminated drinking water has been demon-

strated to be, or indicated to be, the vehicle of trans-

mission.

The taxonomy of Giardia is complex, and G. duo-

denalis, the only species of Giardia which is infective

to humans, is subdivided into seven different assem-

blages or genotypes, which may actually represent

different species, and which molecular studies have

demonstrated to have distinct genotypic differences,

and also show some degree of host specificity. Two of
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these assemblages, named A and B, are zoonotic,

having been identified in human infections, as well as

a range of mammalian infections, including those of

livestock and companion animals. However, the other

assemblages have a more limited host range, with

assemblages C and D limited to canines, assemblage

E limited to artiodactyls, including cattle and sheep,

assemblage F limited to felines, and assemblage G

limited to rodents.

The taxonomy of Cryptosporidium also remains

unresolved, and species designation has been in a state

of flux for several years. There are currently 19 valid

named species of Cryptosporidium [16 listed in [1], and

C. macropodum (host : eastern grey kangeroos),

C. fayerii (host : red kangaroo) and C. ryanae (host :

cattle)] and over 40 different isolates or genotypes [1],

which tend to differ from valid species types by host

and/or molecular study results. Insufficient evidence

has been accumulated to designate these isolates as

species, but it is anticipated that several of these will

be eventually described as species as more infor-

mation is accrued. C. hominis is the one species which

is host-specific to humans (although a natural infec-

tion in cattle has been observed [2], and infections of

dugong, primates, sheep, and pig with C. hominis have

also been reported [3]). Zoonotic species of Crypto-

sporidium which have been identified in human in-

fections are C. parvum, C. andersoni, C. meleagridis,

C. felis, C. canis, and C. suis, with the vast majority

of zoonotic human infections being attributed to

C. parvum [4, 5]. Human infections with Cryptospor-

idium of the cervine genotype and the chipmunk

genotype have also been reported [4], and the former

appears to be relatively widespread, with sporadic

symptomatic infections reported from Slovenia [6],

England [5], USA [7], and Canada [8, 9].

There has been considerable interest in identifying

animal species which may be hosts for those species or

genotypes of these parasites which have the potential

to be transmitted to humans, in order that suitable

measures and initiatives can be implemented which

limit the possibilities of faecal contamination of

drinking-water sources by host animals.

In considering those animals which may be poten-

tial reservoirs of zoonotic species/genotypes of these

infections, most attention has been directed towards

cattle, particularly calves, as these are well recognized

as hosts ofC. parvum, and an infected calf may excrete

many millions of infective oocysts on a daily basis.

However, for sheep and goats the case is less clear

cut; some argue that these animals may not be an

important zoonotic reservoir for these parasites [10,

11], whilst others have recently produced evidence that

sheep and/or goats may harbour species or genotypes

of these parasites which are potentially infectious to

humans, suggesting that sheep and/or goats should

be considered to be epidemiologically significant res-

ervoirs [12–14]. A simple, widely used risk assessment

for Cryptosporidium in water supplies (both surface

and ground) gives a significant weighting to catchment

areas with a sheep density of >6/ha of forage [15].

The presence of sheep pens and/or lambing in the

catchment area also increases the risk weighting.

Goats are not mentioned in the assessment schedule,

and are presumably included under ‘any other farmed

animal or bird’, which has a lower weighting.

In general the term ‘sheep’ applies to the domestic

sheep, species Ovis aries, one of the first animals to be

domesticated, of which there are over 200 different

breeds. This relatively large range of breeds has been

reached by selective breeding to fulfil the various uses

of sheep as a domestic animal.

Sheep are an important sector of the global, agri-

cultural economy, although inmanyparts of theworld,

other species (particularly pigs, chickens, and cows)

have replaced them to a large extent. Although the

global sheep population has fallen since its peak

around1990,numbersarestillconsiderable,andinsome

areas of the world, particularly Asia, sheep stocks are

rising steadily [16]. The estimated global sheep popu-

lation for 2006 has been estimated as 1 101 639 000

head [16] and the largest flocks are currently found in

China, Australia, India, and Iran, serving both local

and export requirements. Developing countries have

over 60% of the global sheep population, although

middle-income countries have proportionally larger

sheep populations than low-income or high-income

countries. In Europe, the largest sheep stocks, by a

considerable margin, are to be found in the UK.

Although the demand and price for sheep products

is falling in many markets, sheep have distinct econ-

omic advantages over many livestock, which make

them particularly attractive to nations with limited

resources. Sheep are one of the few livestock animals

that have never been widely kept in intensive,

confined-animal feeding operations, and they do not

require expensive housing. This means that sheep are

often left to graze in a defined area, with access to

drinking water, for a relatively prolonged period be-

fore being rounded up and transferred to another area

or brought in for slaughter. In many parts of the

world the grazing area can be extensive, and may be
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unfenced rough pasture or hillside, particularly in

summer pasturing for herds in which transhumance is

practised; a large grazing area reduces pressures for

transmission of infection within the herd, but also

means that a larger area may be contaminated by

their faeces, and also that the sheep have access to

sites which would otherwise be considered pristine,

including water catchment areas.

Domestic goats are of the subspeciesCapra aegagrus

hircus, and over 300 distinct breeds are recognized.

Despite their similarities to sheep, the global domestic

goat population is considerably less than that of

sheep, with the estimated global head for 2006 being

837 236000 [16], meaning about 30%more sheep than

goats ; however, the general trend in global goat stocks

has been a gradual increase, particularly in Asia (ex-

cluding Middle East) and South America [16]. As with

sheep, the largest goat population is in China; India

and Pakistan also have large goat populations. In

Europe, the majority of goats are found in Greece,

and there are also sizable goat populations in Spain

and France.

As with sheep, goats eat a variety of vegetation;

however, their grazing habits are generally more

similar to that of deer than sheep, preferring to browse

on woody shrubs and weeds rather than on grasses.

This means that in general they are less likely than

sheep to ingest parasites that have been excreted in

faeces. As with sheep rearing, goats are generally free-

ranging, and therefore, because of the economic ad-

vantages of lack of requirement for expensive housing

and feed, like sheep, they are particularly attractive

to human populations with limited resources. Ad-

ditionally, goats have a high capacity for adapting to

extreme climatic conditions, and are particularly im-

portant in arid and semi-arid regions to which sheep

are unable to adapt so readily. Whereas sheep tend to

stay within the confines decided by the sheep farmer,

goats easily escape from fenced areas and are often

good climbers; this means that in various parts of the

world, domestic goat populations have established

themselves in the wild. These feral goat populations

may reach a considerable size and have a significant

negative effect on the habitat, as well as contributing

to contamination of otherwise pristine environments.

As an adult sheep or goat produces between 1–3 kg

faeces on a daily basis it is clear that the potential for

environmental contamination, particularly water con-

tamination, with faecal parasites is considerable.

In this paper we review and discuss the information

available to consider whether sheep and goats should

be considered as potentially important reservoirs of

Cryptosporidium and Giardia, and whether there is a

necessity for instigating measures to limit contami-

nation of the environment, particularly drinking water

sources, by these animals.

Cryptosporidium and Giardia infections in sheep

and goats

A number of studies of sheep and goat populations

for Cryptosporidium and/or Giardia infections have

been conducted from different parts of the world.

A summary ofmany of the publications (from1989 on-

wards) is provided in Table 1 (an expanded version of

the table is available online). Some publications are

surveys and other case reports ; however, the majority

of studies published to date do not include molecular

studies, and therefore lack information on whether

the infections identified are zoonotic, with the poten-

tial to be transmitted to humans.

From the survey-type studies it can be seen that

both parasites are prevalent and widely distributed

in sheep and goat populations, although differences

between surveys in sample collection variables [age of

animal, selection of animals by symptoms such as di-

arrhoea, individual or pooled samples, etc. and ana-

lysis methods (microscopy of wet mounts, microscopy

following simple concentration or staining techniques,

immunofluorescent antibody staining (IFA), or PCR)]

means that inter-survey comparison is difficult. Some

studies are outbreak reports and these indicate that in

some instances both parasites can cause considerable

morbidity and mortality in sheep and/or goat popu-

lations [20, 35, 44].

Summarizing the available data, the cross-sectional

prevalence of Giardia in sheep is reported to range

from <10% to>40% (meany25%, n=10), and of

Cryptosporidium in sheep is reported to range from

<5% to >70% (mean y30%, n=20). There are

considerably more surveys from sheep populations

than goat populations, but summarizing from those

cross-sectional prevalence surveys which have been

conducted, Giardia in goats is reported to range from

<10% to >40% (mean y20%, n=7), and of

Cryptosporidium in goats is reported to range from

<5% to >35% (mean y15%, n=11). Considering

the global distribution of sheep and goat populations,

there are very few available publications which report

on these infections in places where they are most likely

to exert the greatest impact on the human populations;

however, in European countries, the predominant
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research is from UK, which has the largest sheep

population in Europe, and Spain which has a sizable

goat population.

From those studies which have included molecular

studies, some trends can be identified although

geographical variation is also obvious. Additionally,

interpretation of the reports is made more difficult

because it is not always clear from the results how

many samples were genotyped (either the data were

not included or the samples were pooled), and often

the number of samples included is very low (sometimes

due to samples from a range of animal species being

analysed or because the report is of an outbreak

rather than a survey, or simply because successful

PCR amplification from a limited number of samples

was rare).

Nevertheless, among nine studies in which geno-

typing of Giardia isolates from sheep and/or goats

was included, assemblage E was demonstrated to be

the most frequently detected genotype, being the sole

genotype detected in at least three reports. Excluding

those reports in which isolate number is unclear, of

seven reports from six different countries (Australia,

Belgium, Italy, Netherlands, Spain, USA), in samples

from sheep and/or goats Giardia isolates of assem-

blage E were detected in 95/126 (75%), assemblage A

detected in 34 (27%), and assemblage B detected in

three (2%); some animals had isolates from more

than one assemblage. Thus, by extrapolation, it may

be considered that of Giardia isolates from sheep, al-

most 30% may be zoonotic, with the potential to be

transmitted to humans, either directly or by environ-

mental contamination.

Of the publications reporting investigations on

Cryptosporidium species/genotype/sub-genotype iso-

lated from sheep and goat populations, onlyC. parvum

has been isolated from goat samples to date, and from

sheep samples, C. parvum and cervine genotype pre-

dominate. Summarizing results from 11 reports from

eight countries (Australia, Belgium, Czech Republic,

Portugal, Spain, UK, USA, Zambia) in samples from

sheep and/or goats C. parvum was identified in 271/

406 (67%) isolates, cervine genotype was identified in

93 (23%), C. bovis was identified in 21 (5%), whilst

the remaining isolates (5%) were of various different

species and genotypes, including C. andersoni, C. hom-

inis, C. fayerii, C. suis and several unnamed geno-

types. Regional variation is apparently marked, with

C. parvum predominating in Europe, compared with

cervine genotype predominating elsewhere, with none

of 60 isolates being identified as C. parvum in a survey

in Australia. Although C. parvum is accepted as zoo-

notic, the potential for cervine genotype to be con-

sidered a potential pathogen of humans is less clear

cut. However, this genotype is widely spread geo-

graphically, and has an apparently extensive host

range, infecting not only deer and sheep, but also

Table 1. Studies on the occurrence of Giardia and

Cryptosporidium in sheep and goats*

Study Ref.

Europe

Belgium (East Flanders) [12]
Czech Republic [17]
France (Deux-Sèvres, Western France) [18, 19]

Italy (Central Italy) [20]
Italy (Abruzzo region, Central Italy) [21]
The Netherlands [22]

Poland (Poznań district,
west central region)

[23]

Portugal [24]

Spain (Aragón) [13]
Spain (Galicia, NW Spain) [25, 26]
Spain (Granada Province) [27]
Spain (Gran Canaria, Canary Islands) [11]

Spain (Zaragoza, NE Spain) [28]
Switzerland [29]
UK [14, 30–33]

Americas

Brazil (mountain region of
Rio de Janeiro state)

[34]

Brazil (University of Minas Gerais) [35]

Canada (Alberta, British Columbia,
Nova Scotia, Saskatchewan, Yukon)

[36]

Canada (southern Alberta) [37]
Mexico [38]

Trinidad [39]
Trinidad & Tobago [40]
USA (Maryland) [41]

Australia

Narrikup, Western Australia [10]

Asia

Iraq [42]
Iran [43]

Sultanate of Oman [44]
Sri Lanka [45]
Taiwan [46]

Africa

Egypt (Qalubia Governorate) [47]
Zambia (Central, Southern,
and Lusaka Provinces)

[48]

* An expanded version of this table containing information

on study populations, study methodologies, summarized
prevalence data, and the results of gentoyping or molecular
studies when conducted, is available online on the Journal’s
website (http://journals.cambridge.org/hyg).
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being identified in a captive primate, a zoo nyala, and

several human infections (as listed in [49]), which has

resulted in the suggestion that it could emerge as an

important human pathogen resulting from contact

between humans and animals [49]. Thus, again by

extrapolation, from up to 90% (or >65% if cervine

genotype is excluded as being of potential public

health significance) of Cryptosporidium isolates from

sheep are zoonotic with the potential to be trans-

mitted to humans either directly or by environmental

contamination.

Human outbreaks of cryptosporidiosis and giardiasis

associated with sheep or goats

A search of the literature provides scant concrete evi-

dence that human infections of giardiasis and/or

cryptosporidiosis have been acquired from sheep or

goats, and some reviews suggest that calves are the

onlymajor reservoir ofC. parvum infections in humans

[50]. Although there are some publications that indi-

cate the direct transmission of cryptosporidiosis from

lambs to humans, particularly during bottle feeding of

orphan lambs and/or petting of lambs at farm open

days or on educational/recreational farm visits [32,

51–55], transmission of cryptosporidiosis from goats

to humans, or transmission of giardiasis from either

sheep or goats was poorly reported, although trans-

mission of cryptosporidiosis between sheep/goats and

animal handlers was occasionally mentioned [42].

Obviously lack of reporting does not exclude the

possibility of such transmission occurring, but it does

suggest that if it does occur, the infection itself and/or

the transmission route are usually not identified. It

should be noted that it is widely recognized that in

many countries the prevalences of both giardiasis

and cryptosporidiosis in the human populations are

under-estimated, and that even during an outbreak

situation many infected persons may not attend a

doctor for diagnosis. The cultural differences which

prompt some persons to seek medical advice, and

others not, are little understood and may have an im-

pact evenwhen population groups are considered to be

very similar [56]. Additionally, and paradoxically,

persons who are persistently exposed to low levels of

parasites (e.g. through water supply, or from routine

handling of infected animals) may develop immunity,

and thus not develop symptomatic infection upon

exposure, and therefore not seek medical assistance,

although persons who have not experienced this might

do so [57].

Reports on contamination of water supplies by

Cryptosporidium and/or Giardia from sheep or goat

faeces are even less conclusive. One of the first oc-

casions in which contamination of drinking water

by Cryptosporidium from sheep was reported was in a

mixed outbreak of cryptosporidiosis and campylo-

bacteriosis affecting a total of 43 people, all of whom

had drunk unboiled water from an untreated private

supply [58]. Three lamb carcasses discovered in a col-

lection chamber associated with the supply were pos-

tulated to be associated with this outbreak, although

definitive evidence was not found, and slurry run-

off from surrounding fields was also considered as

a possible source. A small waterborne outbreak in-

volving 24 people was reported in 1998, in which

water from a private farmland supply was implicated

[59]. In this case Cryptosporidium oocysts were ident-

ified in a water tank for the supply, which was re-

ported to be vulnerable to contamination by sheep.

However, a lack of analysis of sheep samples, and an

absence of molecular studies, means that whether

sheep were the source of contamination cannot be

confirmed.

An outbreak of cryptosporidiosis in North West

England in 1999 in which over 200 persons were

affected was, at the time, strongly associated with

sheep grazing around the implicated reservoir, with

37.5% of the 32 sheep samples analysed positive for

Cryptosporidium oocysts [60, 61]. However, although

molecular analysis of isolates from the human

patients demonstrated that they were C. parvum,

comparable analyses from the sheep samples have not

been published. A later publication which reported a

‘novel isolate’ of Cryptosporidium in sheep from a

different area of Britain [30], later identified as cervine

genotype [62], suggests that the ‘evidence ’ that sheep

are contaminating a water supply (the detection of

morphologically indistinguishable oocysts in sheep in

a particular catchment area and oocysts from human

cases), is of doubtful value, unless accompanied by

genotyping. The identification of the ‘novel isolate’ in

sheep occurred during part of an investigation into an

outbreak of waterborne cryptosporidiosis in Scotland

in 2000 [63] in which sheep grazing in the vicinity of

the water source (Loch Katrine) were considered as

the potential source, particularly as there were very

few cattle in the catchment and the sheep had access

to the loch side. The ‘novel genotype’ (cervine

genotype) differed from those in clinical human cases

during the outbreak, but as the sheep samples were

obtained some 3 months after the first case of human
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illness [30] it is difficult to exclude sheep unequivocally

as the source of contamination.

Cryptosporidium and Giardia infections in sheep

or goat populations as a threat to water sources:

measures to limit the potential for contamination

of water sources by sheep and goats

Despite the lack of conclusive evidence linking con-

tamination of water supplies by sheep or goats with

outbreaks of cryptosporidiosis or giardiasis in human

populations, in some instances sheep populations, in

particular, are clearly considered as a potential threat

and initiatives have been implemented to eliminate

or reduce this potential. For example, following out-

breaks of cryptosporidiosis in Scotland associated

with water supplied by Loch Katrine, although sheep

were not definitely implicated as the source of the

oocysts, the water authority chose to close one of

Scotland’s largest sheep farms (a 9500 ha farm with

8000 livestock) as well as a smaller neighbouring farm

[64]. Over a year after the removal of sheep from the

catchment had begun, but before it was completed,

high levels of Cryptosporidium oocysts were again de-

tected in water from the same supply (up to 11 oocysts/

10 litres) resulting in the implementation of a boil water

notice affecting about 170 000 consumers. However,

no human cases were reported and subsequent mol-

ecular typing of oocysts from the water sampling

equipment demonstrated them to be C. andersoni and

therefore of minimal public health significance [63].

The origin of this contamination event was not un-

equivocally determined.

The 1999 outbreak of cryptosporidiosis in North

West England precipitated another initiative in which,

whilst water treatment plants were being upgraded,

the supposed ‘source of the problem’ (sheep) was re-

moved. As lambs were considered to be particularly

likely sources of oocysts, pregnant ewes were scanned,

and those which were carrying more than one lamb

were relocated to alternative grazing land in the

Cumbrian salt marshes until the lambing period was

over [65]. Less expensive initiatives were also brought

in, including fencing off a feeder stream to prevent

sheep access [66].

Although it may seem reasonable to restrict sheep

grazing in order to ensure the safety of public water

supply, it can have a severe impact on the affected

sheep farmers. A sheep grazing ban implemented by

the Northern Ireland Water Services in the catchment

area of a reservoir in the Mourne Mountains, due to

fears of contamination with Cryptosporidium, caused

considerable anger and frustration to local farmers

[67], particularly in the absence of any associated

disease. Clearly if such preventive measures do not

have any good scientific grounding, then not only are

they unlikely to provide much, if any, benefit, but they

are expensive both in resources for those directly af-

fected, and in terms of goodwill and hopes of future

cooperation.

CONCLUSION

Although direct evidence of transmission of Crypto-

sporidium and/or Giardia from sheep or goats to

humans via contamination of the environment, par-

ticularly the water supply, is limited, sufficient evi-

dence has been accrued over the years to suggest that

this is a real possibility, which may, indeed, have

already occurred. Contamination of water supplies by

Cryptosporidium from infections in sheep seems to be

the most probable threat, not only because cryptos-

poridiosis in sheep is generally somewhat more

prevalent than giardiasis, but also because the species/

genotypes of Cryptosporidium infections in sheep are

likely to be infectious to humans, whilst Giardia in-

fections in sheep are more likely to be of assemblage

E, which is non-zoonotic. However it should be noted

that zoonotic infections of Giardia (assemblages A or

B) may also occur in sheep.

Nevertheless, geographical variation is extensive,

both in terms of prevalence and in terms of genotypic

distribution, and as measures to limit sheep grazing

are costly, and can have a highly negative impact on

those affected, it is important that individual cases are

judged upon their own merits. If water contamination

from a particular population of sheep and goats is

suspected, then considering the evidence reviewed

here, it is recommended that suitable investigations

are conducted, investigating both prevalence and

species/genotype of the parasites, preferably before

precautionary measures are instigated.
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