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                     Giardia  is a genus of protozoan parasites within the phylum Metamonada, the order 
Diplomonadida, and the family Hexamitidae. Six different species are considered to 
belong to the  Giardia  genus:

•     Giardia duodenalis  (syn.  Giardia lamblia ,  Giardia intestinalis ) that infects a 
broad range of mammalian hosts  

•    Giardia agilis  that infects amphibians  
•    Giardia muris  that infects mice  
•    Giardia microti  that infects voles  
•    Giardia ardeae  and  Giardia psittaci  that both infect birds    

 For the purposes of this Springer brief, we focus only upon  Giardia duodenalis , 
which is of importance with respect to both public and veterinary health. 

 Host specifi city and genetic differences have led to the suggestion that  Giardia 
duodenalis  is a species complex and, despite lack of morphological differences, 
should be redescribed as a number of different species, such as  Giardia enterica  (in 
humans and other primates, and some other mammals),  Giardia canis  (in dogs), 
 Giardia cati  (in cats) and  Giardia bovis  (in cattle and other hooved livestock) 
(Monis et al.  2009 ). Although there is some compelling evidence in favour of this 
proposed reclassifi cation, it has not yet been widely accepted. Instead, the species is 
currently divided into a number of genetically distinct groups, known as 
Assemblages, and some of these Assemblages have been further subdivided into 
genotypes. The various Assemblages and genotypes are also characterised by par-
ticular host specifi cities;  G. duodenalis  in Assemblage A1 is probably the most 
important zoonotic genotype, A2 predominantly infects humans, but may also be 
zoonotic, while A3 is common among wild ungulates (Sprong et al.  2009 ; Beck 
et al.  2011 ).  Giardia  in Assemblage B appears to be more heterogenic (Wielinga 
et al.  2011 ), but is predominantly found in humans and can also be zoonotic. 
Nevertheless, the importance of giardiasis (also known as giardiosis) as a zoonosis 
remains unresolved, and it seems that the majority of data suggests that most  Giardia  
infections in animals pose little or no risk to public health. In general,  Giardia  in 

    Chapter 1   
 Introduction to  Giardia duodenalis : 
The Parasite and the Disease 



2

Assemblages C and D appear to exclusively infect canids, Assemblage E infects 
ruminants, Assemblage F infects cats and Assemblage H infects pinnipeds (Lasek- 
Nesselquist et al.  2010 ). Other non-morphological differences have also been dem-
onstrated among the different Assemblages, including differences in pathology and 
growth dynamics (Bénéré et al.  2011 ,  2012 ) and in vitro drug susceptibilities 
(Bénéré et al.  2011 ). 

  G. duodenalis  is generally considered to have a global distribution and is the 
most common intestinal parasite of humans, with over 2.5 × 10 8  cases annually 
(Lane and Lloyd  2002 ; Cook and Lim  2012 ). The most common intestinal proto-
zoan parasite in all countries of the world, in developing countries, giardiasis is 
particularly common, and is especially predominant in preschool and school chil-
dren, with the prevalence estimated to reach over 70 % in some populations (Cook 
and Lim  2012 ; Dib et al.  2008 ). In Africa, Asia and Latin America it has been esti-
mated that symptomatic giardiasis occurs in around 200 million people, and that 
approximately 500,000 new cases are reported on an annual basis (Cacciò and 
Sprong  2011 ). In 2004, the common link of giardiasis with poverty encouraged its 
inclusion in the WHO “Neglected Diseases Initiative” (Savioli et al.  2006 ). 

 Within Europe, several countries collect data on cases of giardiasis and report 
them to the European Centre for Disease Control. Although the true incidence is 
almost certainly underestimated and reporting rates are likely to be infl uenced by 
factors other than the actual occurrence of infection, including laboratory capabili-
ties, medical awareness of the disease and other national policies and idiosyncra-
sies, these do provide some useful comparative data. According to Cacciò and 
Sprong ( 2011 ), during 2006 the highest rates of infection in Europe were reported 
from Romania, followed by Estonia, followed by Bulgaria, followed by Sweden. 
The unexpectedly high rate of infection reported from Sweden is likely to refl ect 
national competency in diagnosis as much as higher infection rates. 

 In animals, prevalence data are more sparse; although several studies regarding 
the prevalence of  Giardia  infection in individual animal species and regions have 
been published, extrapolation from these data to global estimates is not possible due 
to wide regional and population-specifi c variations, and also due to huge variation 
in study design regarding how the prevalence data have been collected. However, as 
humans appear to be the major source of infections for humans, and the available 
sub-genotyping data do not indicate the widespread occurrence of zoonotic trans-
mission (Geurden and Olsen  2011 ), the prevalence of animal infections will not be 
considered in further detail here. 

 The life cycle of  G. duodenalis  is simple and direct, and comprises two morpho-
logically distinct forms: the vegetative trophozoites (characteristically pear-shaped, 
9–20 μm by 5–15 μm with two nuclei, eight fl agella, linear axonemes, curved 
median bodies and a ventral adhesive disc) that inhabit the lumen of the small intes-
tine—either free-swimming or attaching onto the enterocyte brush border of the 
mucosal surface by the adhesive disk—and the environmentally resistant cysts 
(ovoid, 8–18 μm by 7–10 μm). 

 Although trophozoites of  G. duodenalis  are generally considered to replicate 
only asexually, by simple binary fi ssion, evidence suggests that genetic exchange 

1 Introduction to  Giardia duodenalis : The Parasite and the Disease



3

probably does occur, although perhaps infrequently. Nevertheless, the mechanism 
of sexual reproduction remains unresolved, and the signifi cance of sexual reproduc-
tion to the pathogenicity and epidemiology of  Giardia  is also unknown (   Birky 
 2010 ). However, repeated binary fi ssion results in the establishment of enormous 
number of trophozoites, and these can cover the mucosal surface of the intestine. 
Encystation from trophozoites to cysts occurs as the trophozoites move further 
down the intestine, and happens in response to changing mixtures of hydrogen ions, 
bile salts, proteases and other conditions. Although trophozoites might also some-
times be excreted in the faeces (especially when diarrhoea is particularly severe), 
cysts are considered as the transmission stage and are immediately infectious upon 
excretion; unless maintained in conditions of in vitro culture, trophozoites do not 
survive for long after excretion. 

 The  Giardia  cyst wall (between 0.3 and 0.5 µm in thickness) has a fi lamentous 
structure, containing carbohydrates and proteins in a ratio of 3:2 (w/w), with the 
carbohydrate moiety composed at least partially of a beta (1–3)- N -acetyl- d - 
galactopyranosamine  homopolymer (Gerwig et al.  2002 ). Two distinct regions of 
the cyst wall have been identifi ed, with the external region, which is probably most 
protective against environmental pressures, composed of bundles of fi brils between 
7 and 22 nm in thickness, and connected to each other by short and thin fi laments 
(Benchimol and De Souza  2011 ). 

 It has been suggested that the polysaccharide of the cyst wall forms ordered heli-
ces, or possibly multiple helical structures, with strong interchain interactions, and 
this structure ensures the robustness of the cyst wall, and thereby enables survival of 
the cysts for prolonged periods in damp environments (Gerwig et al.  2002 ). 

 Infection with  G. duodenalis  is initiated when a viable cyst is ingested by a sus-
ceptible host. This may be direct faecal-oral ingestion, or via a vehicle such as 
contaminated water or food. The infective dose is theoretically a single cyst; in early 
infection studies a dose of ten cysts was reported to result in infection (although not 
necessarily disease) in two out of two volunteers (Rendtorff  1954 ). It should be 
noted, however, that not all human-source isolates are equally infectious to all peo-
ple (Nash et al.  1987 ). Exposure to factors such as gastric acid, pepsin and the 
alkaline environment of the small intestine triggers excystation of the cysts in the 
upper small intestine. Two trophozoites are released from each cyst, and infection is 
established as these trophozoites develop and replicate within the host intestine. 
Symptoms may begin around 1–2 weeks after infection, and this relatively long 
period between infection and disease is a confounder for identifying the source of 
the infection, particularly if a food vehicle is suspected. People are remarkably poor 
at remembering possible exposure routes or foods that they have encountered a 
week or so back, and it is also likely that potential food vehicles are likely either to 
have been consumed or disposed of before the infection is diagnosed (which, again, 
may be several days after the commencement of symptoms). 

 Human infection with  G. duodenalis  is generally associated with diarrhoea, 
which tends to be fatty and foul-smelling, but can also be either asymptomatic or 
responsible for a broad clinical spectrum, with symptoms ranging from acute to 
chronic (Robertson et al.  2010 ). Generally it is estimated that of individuals exposed 
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to infective  Giardia  cysts, for 50 % no clinical symptoms are manifest, and the 
infection clears without treatment and may not even establish properly, for between 
5 and 15 % infection establishes and cysts are shed, but no symptoms (or only very 
mild, intermittent symptoms) are noticed, while for the remaining group (between 
35 and 40 % of those exposed) symptomatic infection establishes. Although giar-
diasis is not generally associated with mortality, estimates have been made of annual 
deaths associated with giardiasis (   Nuñez and Robertson 2012). While in the UK 
(England and Wales),    Adak et al. ( 2002 ) considered that no deaths occurred from 
giardiasis, three different estimates from the USA have suggested that a few deaths 
(between 1 and 10) may occur annually due to giardiasis (Mead et al.  1999 ;    Frenzen 
 2004 ; Scallan et al.  2011 ). Indeed, Mead et al. ( 1999 ) estimated ten deaths due to 
giardiasis in the USA annually, of which one would be due to foodborne giardiasis. 
In situations in which other health and lifestyle factors, particularly those associated 
with poor nutrition and other infections, may occur concomitantly, infection with 
 Giardia  may play a synergistic role, perhaps leading to more severe symptomatol-
ogy or even death. 

 Chronic giardiasis is usually associated with loose stools and/or diarrhoea, along 
with intestinal malabsorption, resulting in steatorrhoea, lactase defi ciency and vita-
min defi ciencies. Potential mechanisms for this include disruption in epithelial 
transport and barrier dysfunction. Abdominal pain, bloating, nausea, vomiting, fail-
ure to thrive and anorexia are also all common symptoms, and may be accompanied 
by profound weight loss (loss of 10–20 % of original body weight). Up to 40 % of 
individuals that suffer symptomatic giardiasis also develop acquired lactose intoler-
ance, which is manifest as an exacerbation in intestinal symptoms following inges-
tion of dairy products (Cantey et al.  2011 ). It should also be noted that nutrient 
malabsorption (particularly of fats, sugars, carbohydrates and vitamins) and altera-
tions in the activity of enterocytes may occur, even in the absence of overt symp-
toms of giardiasis. This may result in hypoalbuminaemia and also defi ciencies in 
vitamins A, B12 and folate. For individuals that are living in situations where dietary 
intake of vitamins may be limited, this malabsorption may mean the difference 
between defi ciency and clinical disease. 

 Some cases of giardiasis have been associated with unusual manifestations, 
including pruritus, urticaria, uveitis, sensitisation towards food antigens and syno-
vitis (Robertson et al.  2010 ). A study of manifestations of giardiasis in non- 
outbreak cases in the USA suggested that extra-intestinal symptoms are not 
particularly rare, being reported in over 30 % of participants enrolled in a study 
(Cantey et al.  2011 ). 

 Symptoms commonly start about 1 week after infection, and may continue until 
effective treatment, be self-resolving or become intermittent. It should be noted that 
intermittent symptoms contribute to delayed health-seeking behaviour and thus 
delayed diagnosis of infection (Cantey et al.  2011 ). Whether a particular symptom 
spectrum is more likely to be associated with Assemblage A infection or Assemblage 
B infection is unresolved, and geographical or population differences seem to occur 
(Robertson et al.  2010 ). Simultaneous or sequential infection with  Giardia  of differ-
ent Assemblages has been proposed to result in more severe pathology, and thus 
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more critical clinical presentation, than would be expected from a simple additive 
effect, with enhanced epithelial disruption and apoptosis (   Koh et al.  2013 ). 
Additionally, size of the infectious dose may play a role (reviewed by Buret and 
Cotton  2011 ). Although the immune status of the host may contribute to the variable 
manifestations of giardiasis, the occurrence of refractory symptoms in otherwise 
healthy patients without giardiasis following treatment suggests that a more com-
plex clinical picture probably occurs (Hanevik et al.  2007 ). 

 As giardiasis is predominant in children, some studies have investigated whether 
 Giardia  infection in children in developing countries results in long-term health 
consequences, particularly with respect to cognitive function and failure to thrive. 
Although the results of these studies have not always been completely concordant 
(Cacciò and Sprong  2011 ), there is accumulating evidence that in certain situations 
giardiasis in infancy or childhood may result in long-term disadvantages such as 
reduced cognitive function. For example, a study from Peru concluded that malnu-
trition in early childhood and potentially  Giardia  infection are associated with poor 
cognitive function at 9 years of age (Berkman et al.  2002 ). Furthermore, the authors 
concluded that should these associations be causal, then intervention programmes 
designed to prevent malnutrition and giardiasis in early life could lead to a signifi -
cant improvement in the cognitive function of children in lower income communi-
ties throughout the less developed world (Berkman et al.  2002 ). 

 Infection with  Giardia  results in antibody production, particularly IgA that is 
secreted into the lumen of the intestine. However antigenic variation, specifi cally 
the ability of  Giardia  to alter the trophozoite surface proteins, and thus the epitopes 
to which the antibodies react (the variant-specifi c surface proteins or VSPs that are 
genetically determined) preclude or limit effective elimination of the parasite by 
antibody activity, although they may have an important role in limiting chronic 
infections.  Giardia  is the only organism inhabiting the intestine that has been dem-
onstrated to have the ability to replace its surface proteins (Nash  2011 ), and in cul-
ture studies have demonstrated that this switching occurs spontaneously, in the 
apparent absence of environmental triggers, although if antibodies directed to the 
amino-terminus of the VSPs are cytotoxic, then the VSPs are replaced by others that 
are unrecognised by the host. However, several other immune defence mechanisms 
are also activated during  Giardia  infection and can contribute to the elimination of 
infection (Singer  2011 ); these include mast cells, complement, antimicrobial pep-
tides such as defensins and nitric oxide. In addition, bacterial secretions and immune 
responses that have been activated by other infections may be effective in reducing 
the extent or the duration of infection (Singer  2011 ). 

 Diagnosis of giardiasis is usually based upon demonstration of cysts (and, less 
frequently, motile trophozoites—although unless recently voided stools are kept 
warm, motility will not be observed) in faecal samples, or sometimes in duodenal 
aspirates. Although serological (antibody-based) detection is also possible for diag-
nosing giardiasis, the utility of such an approach has been questioned (Smith and 
Mank  2011 ). This is because (a) different isolates have different antigenic identities; 
(b) in chronic disease, immunodepression may be encountered; and (c) antigenic 
variation down-regulates antibody production. While a common, nonvariant, 
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immunodominant antigen suitable for serodiagnosis has yet to be identifi ed, it has 
been suggested that  Giardia -specifi c α-giardins might be of value for diagnosis of 
acute infections (Smith and Mank  2011 ). 

 For faecal samples, a concentration technique such as formol-ether (ethyl ace-
tate) or fl otation (often sucrose or zinc sulphate) is usually used prior to microscopy, 
which may be direct light microscopy, but may also involve staining. Stains that are 
used frequently include chlorazol black stain, Giemsa staining or, if a fl uorescent 
microscope is available, immunfl uorescent antibody test (IFAT), in which the para-
site cysts are labelled with an antibody with a fl uorescent tag. Antigen tests, such as 
ELISA-based assays, have also been developed, and rapid tests based on the same 
principle (immunochromatographic assays) are also commonly used. The disadvan-
tage with such rapid assays is that not only are they relatively expensive, but also 
they may be of low sensitivity, particularly if cyst numbers are low (Strand et al. 
 2008 ). However, they are very simple to use and can provide a result within minutes 
at the point of care, and thus are popular amongst some users. 

 It is generally accepted that screening for intestinal parasites, including  Giardia , 
by PCR will become more and more common in the next decades, and, as the feasi-
bility improves due to automation and high-throughput facilities, might even replace 
microscopy of faecal concentrates (Stensvold et al.  2011 ). The specifi c detection of 
parasite DNA in stool samples using real-time PCR is particularly likely to become a 
method of choice, especially a multiplex approach allowing simultaneous testing for 
a range of different pathogens. However, microscopy of faecal concentrates currently 
remains a cornerstone, not only because many diagnostic laboratories do not have the 
technological capabilities for PCR, but also because of some limitations in extracting 
DNA from faecal material; when formalin has been used as a storage medium or for 
formol-ether sedimentation then this inhibits PCR, but also faecal samples them-
selves can include a range of PCR inhibitors including bilirubin, bile salts and com-
plex polysaccharides (Smith and Mank  2011 ). Furthermore, because the specifi city 
of primers and probes means that the only sequences detected will be those from 
which they were designed. Thus an unusual genotype may not be identifi ed if the 
primers selected are too specifi c. Care should be taken in selecting primers and loci. 

 Thus, microscopy remains a mainstay of  Giardia  diagnostics, and it is important 
that, despite the progressive march of molecular technologies, such skills are main-
tained. The amount of information that can be obtained by microscopy should not 
be underestimated or undervalued, and, for a high cyst excretor, can result in a posi-
tive diagnosis being obtained within minutes. 

 It should be noted that analysis of more than one sample may be important, par-
ticularly for detecting mixed infections and determining their clinical importance 
(Smith and Mank  2011 ). This is especially so if infection and cyst excretion dynam-
ics, symptoms and health effects vary for different infecting Assemblages or geno-
types, and lack of identifi cation of mixed infections may have a negative effect on 
our understanding of the epidemiology and clinical relevance of different  Giardia  
infections (Smith and Mank  2011 ). In regions where giardiasis is endemic, mixed 
infections may be the norm and could be the consequence of multiple sporadic 
infections or waterborne or foodborne outbreaks (Smith et al.  1995 ). 
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 Although giardiasis can be effectively treated with drugs, albeit with some dis-
comforting side effects, for some patients treatment is ineffectual, and various che-
motherapeutic regimes must be tried (Robertson et al.  2010 ). The most commonly 
used treatment for giardiasis is 5-nitroimidazoles. Metronidazole was the drug of 
choice for decades for treatment of giardiasis, but tinidazole is now often recom-
mended as fi rst-line treatment in many countries due to its effi cacy being similar or 
superior, fewer side effects and better compliance (Escobedo et al.  2010 ). 
Albendazole, mebendazole and nitazoxanide are also commonly used, being well 
tolerated and with the added advantage of also being effective against intestinal 
helminths. In refractory cases, a treatment ladder is usually tried, and quinacrine (in 
combination with metronizadole) is often effective as a last resort, but may result in 
some unpleasant side effects (Mørch et al.  2008 ). Prolonged abdominal and fatigue 
symptoms have also been reported in patients, even after successful treatment in 
which the parasite itself is eliminated (Robertson et al.  2010 ). The reason for these 
prolonged symptoms is not fully understood, but may be due to changes in the 
architecture of the intestinal wall or alterations in the microbial fl ora.      

1 Introduction to  Giardia duodenalis : The Parasite and the Disease
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                    Transmission of  Giardia  infection occurs when an appropriate number of infectious 
 Giardia  cysts are ingested by a susceptible host. Transmission can be hand-to- 
mouth, and may be associated with unhygienic conditions or high-risk behaviour 
(Escobedo et al.  2010 ). Although sporadic cases of giardiasis in the community can 
be of individual clinical signifi cance, the major public health importance of giardia-
sis lies in the potential for outbreaks to occur when drinking water, recreational 
water or food become contaminated with infectious  Giardia  cysts. Such contamina-
tion can result in several individuals becoming infected via the same transmission 
vehicle, and, for drinking water in particular, this can be of considerable community 
and economic importance, with tens, hundreds or even thousands of people at risk 
of infection (Robertson and Lim  2011 ). Additionally, when a large-scale outbreak 
occurs, with many infections occurring simultaneously in a particular community 
due to contamination of a common vehicle, the potential for subsequent environ-
mental contamination increases accordingly, and thus the potential for secondary 
spread (Robertson et al.  2008 ). 

 Particular factors in the biology of  G. duodenalis  mean that this parasite is par-
ticularly suited to foodborne or waterborne transmission. These are the following:

•    The large number of infective cysts that are excreted by an infected individual 
into the environment (numbers of between 1.5 × 10 5  and 2 × 10 6  cysts per gram of 
faeces have been quoted: Robertson and Lim  2011 )  

•   The relatively low infectious dose  
•   The robustness of the cyst and its ability to survive in the environment; experi-

mental results suggesting that cyst viability is retained for at least a month in 
damp conditions and in the absence of freeze–thaw cycles (DeRegnier et al. 
 1989 ; Robertson and Gjerde  2006 ), and that cysts are to some extent resistant to 
commonly used disinfectants such as chlorine  

•   The relatively small size of the cysts (8–12 μm in length) that enables penetration 
of sand fi lters used in the water industry  

    Chapter 2   
 Transmission Routes and Factors That Lend 
Themselves to Foodborne Transmission 
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•   The possibility for zoonotic transmission—this means that there is greater potential 
for environmental spread and contamination, and also for the amplifi cation of cyst 
numbers by animals (including wildlife such as beavers) living in a catchment area 
contaminated by human faeces (Kutz et al.  2009 )  

•   The possibility for onward contamination or transfer by transport hosts such as 
insects; promiscuous-landing synanthropic fl ies have been particularly associ-
ated with the carriage of protozoan parasites to food (Conn et al.  2007 )    

 Taken together, not only do these factors mean that there is a high potential for 
possible vehicles of infection such as food or water with  Giardia  cysts, but also that 
they will probably survive on such vehicles in suffi cient quantities to pose an infec-
tion risk to susceptible hosts. A visual representation of foodborne transmission 
possibilities, with emphasis on fresh produce, is provided in Fig.  2.1 .

Human
infection

Night soil,
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wastewater

Contaminated
water

Food

Cross contamination

Food
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Cultivation
Irrigation
Spraying
Washing

Manufacture
ProcessingEnvironmental
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infection or
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Dung and
slurry

  Fig. 2.1    Routes of contamination of food, particularly fresh produce, with  Giardia  cysts (adapted 
from Robertson and Chalmers  2013  for  Cryptosporidium )       
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   It is worth noting that in a recent risk ranking of foodborne parasites (  http://
www.fao.org/food/food-safety-quality/a-zindex/foodborne-parasites/en/     and   http://
www.who.int/foodsafety/micro/jemra/meetings/sep12/en/    ; see also Robertson et al. 
 2013 ),  Giardia  was ranked as number 11 out of 24 potentially foodborne parasites 
in terms of importance as a foodborne pathogen. This refl ects not so much the rela-
tively low number of cases of foodborne giardiasis that have been documented in 
the scientifi c literature, but the realisation of the potential for this parasite to be 
transmitted via the foodborne route. In this risk-ranking exercise, fresh produce is 
listed as the food commodity that is most likely to act as a transmission vehicle for 
giardiasis. However, it should be noted that when the documented outbreaks of 
foodborne giardiasis are considered, it is apparent that a wide range of foods have 
the potential to act as effective vehicles of transmission.      

2 Transmission Routes and Factors That Lend Themselves to Foodborne Transmission
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                    Waterborne transmission of giardiasis is well known, and outbreaks of waterborne 
giardiasis have been extensively documented. Indeed, as waterborne transmission 
has the potential to result in infection of a larger number of people than foodborne 
transmission, and as  Giardia  cysts that contaminate water are probably more likely 
to remain infectious than cysts that contaminate food products (as  Giardia  cysts 
survive best under moist, cool conditions), most research interest and funding have 
been directed towards this transmission route. Waterborne outbreaks have been 
extensively reviewed (Karanis et al.  2007 ; Baldursson and Karanis  2011 ), with over 
200 documented, the fi rst reports being from the mid-1950s. Most outbreaks of 
waterborne giardiasis are reported from developed countries—indeed the largest 
outbreak of waterborne giardiasis in recent times is reported from Bergen, Norway 
(   Robertson et al. 2006), a country considered to be one of the wealthiest in the 
world—however, common sense tells us that waterborne giardiasis is probably 
more likely to occur in less developed countries, where giardiasis is more likely to 
be endemic and where those infrastructures that are necessary for ensuring a safe 
drinking water supply, such as an intact sewage disposal system, effective catch-
ment control measures and effi cient water treatment, may be suboptimal (Robertson 
and Lim  2011 ). That outbreaks or cases of waterborne giardiasis are rarely reported 
from less developed countries is probably more related to the endemicity of giardia-
sis, which makes detection of outbreaks and vehicles of transmission diffi cult, and 
a lack of detection and monitoring systems, both at the public health level and at the 
water treatment level. A waterborne outbreak would probably be less likely to be 
detected in a community where a considerable proportion of the population are 
already infected with  Giardia , because, unless the outbreak cases are particularly 
distinctive, the outbreak cases would be unlikely to show up against the background 
of non-outbreak cases. 

 That waterborne giardiasis is of greater public health signifi cance than food-
borne giardiasis is also refl ected in the fact that standard methods for analysis of 
water for  Giardia  cysts were fi rst developed between 5 and 15 years ago (e.g. the 
US EPA Method 1623; ISO Method 15553), whilst, as of today, there is no widely 
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accepted standard method for investigating food products for these parasites. 
Nevertheless, the value of monitoring of drinking water (either post- or pretreat-
ment) for  Giardia  contamination has been the subject of considerable debate, as the 
methods are both expensive and time consuming, and interpretation of data can be 
diffi cult (for fuller discussion see Robertson and Lim  2011 ). However, whilst it is 
generally agreed that general performance indicators (e.g. turbidity, particle 
removal, pressure in distribution system) are probably of most importance for ensur-
ing the microbial safety of the drinking water supply, it is also acknowledged that 
regulatory, event-driven monitoring of source water for contamination, using a site- 
specifi c monitoring programme, may provide important data that can be used as 
data input for risk assessments for an individual water source and thereby enable the 
application of appropriate barriers. Analysis of water samples for  Giardia  cysts may 
also supply critical information in the event of an outbreak. 

 Despite the potential for foodborne transmission of giardiasis, there is relatively 
little information available on this topic, and, to date, only nine outbreaks of food-
borne giardiasis have been thoroughly documented, affecting approximately 200 
people in total (see Table  3.1 ). In addition to the outbreaks listed in the table, which 
have all been described in the peer-reviewed scientifi c literature, a further 16 (affect-
ing some 350 individuals) are listed on the Foodborne Outbreak Online Database 
run by the Center for Disease Control and Prevention,   http://wwwn.cdc.gov/food-
borneoutbreaks/Default.aspx    , which lists outbreaks from 1998 onwards (the oysters 
outbreak listed in Table  3.1  is also included in this database), and for which the 
aetiology is confi rmed for 15 outbreaks, but only suspected for one outbreak involv-
ing four individuals. Of these further 16 outbreaks, 6 are restaurant related, whilst 6 
others are associated with various other types of community setting (offi ce, reli-
gious, school, camp). For one of these outbreaks, one person is reported to have 
been hospitalised. This database also indicates that foodborne outbreaks of giardia-
sis are infrequently reported in the USA: during the period 2000–2010, of the food-
borne outbreaks listed in the database, and with an identifi ed aetiology, less than 
1 % were attributed to  Giardia .

       Table 3.1    Documented outbreaks of foodborne giardiasis, including probable vehicle of infection 
(based on Robertson and Lim  2011 )   

 Associated food matrix 
 Probable source 
of contamination 

 Estimated 
number of cases  Reference 

 Christmas pudding  Rodent faeces  3  Conroy ( 1960 ) 
 Home-canned salmon  Food-handler  29  Osterholm et al. ( 1981 ) 
 Noodle salad  Food-handler  13  Petersen et al. ( 1988 ) 
 Sandwiches  Unknown  88  White et al. ( 1989 ) 
 Fruit salad  Food-handler  10  Porter et al. ( 1990 ) 
 Tripe soup  Infected sheep?  –  Karabiber and Aktas ( 1991 ) 
 Ice  Food-handler  27  Quick et al. ( 1992 ) 
 Raw sliced vegetables  Food-handler  26  Mintz et al. ( 1993 ) 
 Oysters  Unknown  3  Smith-DeWaal et al. ( 2001 ) 
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   For most of the 16 outbreaks included in the CDC database, the vehicle of infec-
tion is not identifi ed, but unspecifi ed vegetables, chicken salad, lettuce-based salad 
and multiple foods are listed for others. This database, which is continually updated, 
along with the information provided in Table  3.1 , indicates that a whole range of 
different foods have the possibility to act as vehicles of transmission for giardiasis. 
As  Giardia  cysts are inactivated by desiccation and heat treatment, it is those food 
substances that are intrinsically moist and are most often consumed raw or very 
lightly cooked, such as salad vegetables, fruit, shellfi sh or dairy products, which 
would seem to be the most likely vehicles for infection. Whilst these food products 
have indeed been associated with infection transmission, and consumption of green 
salad, lettuce or other raw vegetables has been identifi ed as a risk factor for acquir-
ing  Giardia  infection in England, Germany, Cuba and Malaysia (Stuart et al.  2003 ; 
Espelage et al.  2010 ; Mohammed Mahdy et al.  2008 ; Bello et al.  2011 ), other less 
obvious foods are also listed as being associated with outbreaks of giardiasis, such 
as tripe soup and Christmas pudding. It should be noted that in those studies explor-
ing risk factors for giardiasis, other variables have also been noted as risk factors for 
infection. For example, in the study from England (Stuart et al.  2003 ), in which a 
matched case–control study investigated 232 cases and 574 controls, other risk fac-
tors that were positively and independently associated with infection included (as 
well as consumption of lettuce) swallowing water when swimming, recreational 
contact with fresh water and drinking tap water. However, in the study from 
Germany, in which 120 laboratory-confi rmed cases of autochthonous clinical giar-
diasis were compared with 240 randomly selected controls matched by county and 
age group (Espelage et al.  2010 ), cases were more likely to be male, immunocom-
promised and daily consumers of green salad—but, surprisingly, there was no asso-
ciation with exposure to water (swimming or water sports). In the study from Cuba 
(Bello et al.  2011 ), in which the focus was on hospitalized children, the only two 
independent, signifi cantly associated variables of those investigated were eating 
unwashed vegetables raw and nail-biting, and the authors suggest that surveillance 
of drinking water and foodstuffs for  Giardia  and other parasites might help to 
reduce the hospitalisation of Cuban children. The study from Malaysia (Mohammed 
Mahdy et al.  2008 ) investigated  Giardia  infection among the Orang Asli people, 
and found that as well as eating raw vegetables being associated with infection, so 
was drinking piped water, and the authors suggest that both factors should be con-
sidered in future control strategies. 

 However, for some of these documented foodborne outbreaks it has been specu-
lated that the vehicle of infection identifi ed in the original report may be incorrect 
(Robertson  2013 ). One example is the outbreak recorded from 1991 in which a few 
people are reported to have been infected with  Giardia  as a result of eating soup 
made from sheep tripe (see Table  3.1 ; Karabiber and Aktas  1991 ). The authors of 
the outbreak report suggest that the source of infection could have been the sheep 
tripe and that the parasite could have been protected from inactivation during the 
cooking process by the crevices of the intestine. Although this possibility cannot be 
disproven, our current knowledge suggests that  Giardia  in sheep is most likely to be 
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of Assemblage E, and thus non-infective to humans (e.g. see    Robertson 2009). 
Additionally, if the soup was heated thoroughly or boiled, then it seems unlikely 
that the structure of the intestine would protect the cysts from inactivation. It has 
been speculated that, in this case, a food-handler might be a more probable common 
source of infection (Robertson  2013 ). Indeed, it should be noted that food-handlers 
are considered to represent a common route of contamination of food (Greig et al. 
 2007 ) and that any item that is handled by an infected food-handler with poor 
hygiene may act as an infection vehicle for giardiasis (Girotto et al.  2013 ). Various 
surveys of food-handlers for endoparasites in different countries have reported 
 Giardia  infection (e.g. Kamau et al.  2012  in Kenya; Siala et al.  2011  in Tunisia; 
Zaglool et al.  2011  in Saudi Arabia; Freites et al.  2009  in Venezuela; Babiker et al. 
 2009  in Sudan; Gündüz et al.  2008  in Turkey; Khurana et al.  2008  in India; Andargie 
et al.  2008  in Ethiopia; Costa-Cruz et al.  1995  in Brazil). Although at least two of 
these studies investigated fi ngernail scrapings for parasites, and found them nega-
tive, the fact that food-handlers are infected and excreting cysts indicates the pos-
sibility for contamination of food when there is a breakdown in hygiene. 

 An earlier outbreak of giardiasis, in which Christmas pudding is suggested as the 
vehicle of infection (see Table  3.1 ; Conroy  1960 ), can be less easily explained as 
being the result of inadequate hygiene associated with a food-handler, as impressive 
and extensive analyses were undertaken by the manufacturer of the pudding. In these 
investigations, in which sub-portions of centrifuged pudding sediment were stained 
with Lugol’s iodine and examined by microscopy, large quantities of  Giardia -like 
cysts were identifi ed in the sediment and the assumption was made that the pudding 
had been contaminated with faeces from an animal, probably a mouse, harbouring 
 Giardia  infection. Presumably such contamination must have happened subsequent 
to any cooking procedures that would have rendered the cysts non-infective. 

 Whilst it may be relatively easy to implicate a food-handler for contaminating 
food, and a food-handler may indeed be the most likely source of contamination in 
some outbreaks, particularly those in which multiple foods are associated, and espe-
cially under a buffet or canteen situation, contamination of vegetables and fruits 
can, of course, take place at any point along the fi eld to fork continuum. Irrigation 
water and splash up from the soil are both particularly relevant potential contamina-
tion sources for fresh produce, while shellfi sh, such as oysters, also have the poten-
tial to be contaminated in situ before harvesting. As shellfi sh in particular, but also 
fresh produce, are usually kept cool and moist before consumption,  Giardia  cysts 
probably have similar chances of surviving on such products as they do in a water 
body. However the number of people likely to be exposed to a contaminated food 
product is probably considerably less. Additionally, when a solid food product is 
contaminated, then the contamination may be localized to a particular area or por-
tion of the product such that not all consumers of the same product, even when 
derived from the same lot, are necessarily exposed. This potential for localization of 
contamination provides a further confounder for epidemiological investigation of 
potentially foodborne outbreaks. 

 It should be emphasized that not all countries have a system in place for report-
ing foodborne diseases, and, even in countries where such a system is established, 
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under-reporting is considerable, largely due to lack of knowledge of the physician 
or the victim regarding the possible aetiological role of foods, particularly for para-
sitic infections such as giardiasis (Robertson and Lim  2011 ). Additionally, once a 
suspected contaminated food product has been eaten or discarded, then it is unavail-
able for analysis and thus confi rmation of the foodborne route of infection becomes 
impossible. Whilst for an outbreak epidemiological analysis may enable the inves-
tigator to pinpoint a particular food item, for individual cases or a cluster of a small 
number of cases, this may be impossible. Indeed, even in large outbreaks it may be 
diffi cult to determine a suspect food, particularly with a buffet-type situation involv-
ing multiple food types and different combinations.      

3 Documented Foodborne Outbreaks of Giardiasis



19L.J. Robertson, Giardia as a Foodborne Pathogen, SpringerBriefs 
in Food, Health, and Nutrition, DOI 10.1007/978-1-4614-7756-3_4,
© Lucy J. Robertson 2013

                    While diagnosis of  Giardia  infection can be based upon detection of antigens in 
faecal samples (or, more rarely, detection of antibodies in blood) detection of con-
tamination of vehicles of infection with  Giardia  cysts, whether water or food, relies 
on isolating and identifying either the  Giardia  cysts themselves or DNA from the 
 Giardia  cysts, on the contamination vehicle. Additionally, it should be noted that 
the concentration of  Giardia  cysts in a faecal sample from an infected individual is 
likely to be considerably higher than cysts on a contaminated potential vehicle of 
transmission, and thus detection may be much more diffi cult, and therefore diagno-
sis in faecal samples and detection in food samples are not entirely comparable. 

 As previously mentioned, standard methods for detecting  Giardia  cysts in drink-
ing water have been available for many years. In brief, these methods involve con-
centrating particles that are approximately the size of  Giardia  cysts (or larger) from 
a relatively large water sample (minimum of 10 l) by fi ltration (fl occulation and 
sedimentation can also be used, but are used less frequently), eluting these particles 
from the fi lter into a smaller volume, concentrating the smaller volume (often by 
centrifugation), and then isolating the cysts from other material in the concentrate 
before detection. While immunomagnetic separation (IMS) is most commonly used 
for isolation, other separation techniques may be used such as density gradient fl ota-
tion. Detection is usually performed by drying the fi nal concentrate of around 50 μl 
onto a microscope slide and examining it with IFAT. The fl uorescent marker on the 
monoclonal antibody used is usually fl uorescein isothiocyanate (FITC) and, addi-
tionally, a stain for the nuclei, usually 4′,6 diamidino-2-phenyl indole (DAPI) is 
usually used for improving detection, before examination by fl uorescent micros-
copy. However, other detection methodologies are possible, including using molec-
ular based detection systems. 

 In principle, the approach to analysing food matrices for contamination with 
 Giardia  cysts is the same as that used for water. However, apart from for beverages, 
fi ltration of a large volume is not possible, and instead some sort of elution proce-
dure must be used for the food item itself. This is likely to mean that a relatively 
smaller (in terms of portion size) amount of product can be analysed, and the 
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approach to elution is likely to be infl uenced by the physical and biochemical nature 
of the product, in order to optimise removal of the parasites into a fl uid phase, but at 
the same time minimise contamination with particulates or other material that may 
hamper the following steps in the procedure. The variations in both the biochemical 
and physical characteristics of different matrices, from shellfi sh to meat, to dairy 
products and to fruits and vegetables, means that a common “one-method-suits-all” 
approach is unsuitable, and a method that is appropriate for one type of food is 
likely to result in recovery effi ciencies being suboptimal in other matrices. 

 One issue that is of importance for isolation of  Giardia  cysts from environmental 
matrices, including food and water, is that IMS is frequently used. The IMS system 
for  Giardia  cysts fi rst appeared on the market in around 1995, approximately 1 year 
after the IMS system for  Cryptosporidium  oocysts. Whilst a number of manufactur-
ers have succeeded in developing their own IMS systems for  Cryptosporidium  
oocysts, for  Giardia  cysts one particular supplier dominates the market to the exclu-
sion of all others. While this presumably is simply a refl ection of the challenge in 
developing an IMS system for  Giardia  system that works adequately, it does mean 
that market forces are unable to prevail regarding price, and IMS remains a very 
costly step in analysis. Although some laboratories have managed to exclude IMS 
from methods in order to reduce costs, for the majority of laboratories IMS has been 
shown to increase recovery effi ciencies, probably as a result of the selective concen-
tration inherent in the technique. The development of a competitor IMS system by 
another manufacturer would be positive for laboratories undertaking such analyses, 
not only from an economic perspective but also for ensuring product quality and 
development. 

 The fi nal step in analysis is detection. For all the food types listed below, and also 
for the standard methods for analysing water, IFAT usually remains the method of 
choice and is the method stipulated in the ISO Method currently under development 
for analysis of specifi c food matrices for  Giardia  (and  Cryptosporidium ). Given the 
advances in molecular detection systems within recent decades, it may be surprising 
that IFAT (which is basically a microscopy-based detection system) has not been 
supplanted by a technique such as qRT-PCR or LAMP, particularly as the equipment 
required for IFAT, a fl uorescence microscope, is highly expensive whilst PCR 
equipment is becoming more competitively priced. In the diagnostic lab, multiplex 
qRT-PCR is more often becoming the method of choice for protozoa diagnostics, 
including  Giardia  and other parasitic pathogens in stool samples (Stark et al.  2011 ; 
Taniuchi et al.  2011 ). However, in diagnostics the number of a particular pathogen 
in a sample is expected to be relatively high, whereas in environmental samples not 
only are the numbers low, but it may also be important to detect non-nucleated para-
sites (obviously not detectable by methods that rely on detection of nuclear mate-
rial). This is because although non-nucleated  Giardia  cysts are of no public health 
importance in themselves, they do indicate that the material being investigated has 
been contaminated with  Giardia , and that another subsample may contain nucle-
ated, viable parasites. Additionally, the range of potential inhibitors in different 
environmental samples, including food matrices, is less well known, and differences 
in matrix types may require that PCR conditions are adjusted per matrix. Nevertheless, 
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some research groups are beginning to publish on occurrence of parasites, including 
 Giardia , in food matrices in which PCR is used for the detection system. For exam-
ple, in a survey of ready-to-eat packaged greens in Canada, Dixon et al. ( 2013 ) used 
nested-PCR as the detection step for different parasites, including  Giardia , subse-
quent to a simple washing step and concentration by centrifugation (without the use 
of IMS for purifi cation). Unfortunately, this research apparently did not include any 
seeding experiments to determine the limits of detection, and although all samples 
that were found to be positive by PCR were also examined by IFAT, the researchers 
apparently made no effort to determine whether some samples might have been 
positive by IFAT and not by PCR (by examining PCR-negative samples by IFAT). 
Another study compared the use of PCR, IFAT and fl ow cytometry for detecting 
 Giardia  cysts eluted from fresh produce (lettuce and water spinach leaves) and also 
in irrigation water in Thailand, and found that IFAT and fl ow cytometry provided 
similar results, but that PCR often failed (Keserue et al.  2012 ). Thus, although these 
research reports indicate the possibility for using molecular methods in such sur-
veys, until more comprehensive research comparing detection methodologies is 
undertaken and successfully adopted by different laboratories, it is probable that 
IFAT will continue to be the detection method of choice for the immediate future. 

4.1     Fruits and Vegetables 

 As both common sense and outbreak considerations suggest that fresh fruits and 
vegetables are food products that have a relatively high likelihood of being vehicles 
of infection, in method standardisation most focus has been placed on these (par-
ticularly, leafy vegetables and berry fruits) by the relevant ISO Group (ISO/TC 34/
SC9/WG6), although other food matrices (specifi cally fruit juice, milk, molluscs 
and sprouted seeds) have also been considered. However, it was concluded that 
either the requirement for a standard method for analysing these other food matrices 
for  Giardia  cysts was insuffi cient at the time of consideration (2011) or the data 
available in the scientifi c literature were insuffi cient to use as a basis for a standard 
method development. Thus, leafy vegetables and berry fruits have been the sole 
focus for analytical method standardisation at present (registered in the ISO/TC34/
SC9 work programme with the number ISO 18744). The purpose with method stan-
dardisation is to attempt to ensure that not only comparable methods are used but 
also the methods used, provided that they are conducted by competent and appropri-
ately trained personnel, are likely to provide satisfactory, robust recovery effi cien-
cies. One diffi culty with the establishment of a standard method is that it may 
become more diffi cult to innovate and improve upon a method. Once a method has 
been set as a standard, then any alterations in the method have to undergo a range of 
independent trials to show equivalency, and, unless there is a good incentive for this, 
the effort and costs may not be worth it for many laboratories. Thus, ongoing review 
and evaluation of standard methods should be a part of the remit. Although this may 
be the intention, again the costs involved may mean that people with the 
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qualifi cations and experience to review standard methods against innovations do not 
have the motivation to undertake this task. 

 The method being considered for standardised analysis for leafy vegetables and 
berry fruits for  Cryptosporidium  and  Giardia  (ISO Draft 18744) is based very 
closely on the standard water protocol (ISO 15553), although with elution into a 
specifi ed medium as the fi rst step, either through agitation of the produce by shak-
ing or by stomaching using a stomacher. Elution from the food is followed by con-
centration of the eluate by centrifugation, isolation of the parasites from other debris 
by IMS and fi nally identifi cation by IFAT and DAPI staining, as previously 
described. The method development was based not only on the water analysis pro-
tocol but also upon publications that described the use of this method, or variations 
of this method, with recovery effi ciencies considered to be acceptable; in particular 
the work of Cook et al. ( 2007 ) should be noted, as this group was the fi rst to recom-
mend elution into glycine rather than a detergent-based elution solution. 

 Leafy vegetables and berry fruits have two different challenges for elution pro-
cedures. For leafy vegetables (e.g. lettuce), there is a large surface area that has the 
potential for contamination, and for some varieties of lettuce the leaves are deeply 
lobed and frilly (e.g. oak leaf varieties) such that some leaf areas are protected. For 
other lettuce varieties, such as Mâche (also known as lambs’ lettuce), rosettes of 
leaves are held together in nubs of roots, providing pockets for contaminants to 
gather and not be readily eluted. Additionally, such pockets are also likely to include 
soil and other debris that may be an impediment in further steps of the analytical 
procedure. 

 For berry fruits, the area for contamination is not the problem, but the delicacy of 
the fruit means that vigorous elution is likely to break the fruit themselves, and the 
resultant fruit tissue fragments in the elution liquid are likely to impede the subse-
quent concentration and isolation of  Giardia  cysts. Some fruits also have hairy, 
rather than smooth, skins, and it may be less easy to remove  Giardia  cysts from such 
berries. Indeed, experiments comparing attachment of  Toxoplasma  oocysts to 
smooth-skinned blueberries and hairy raspberries demonstrated that they were more 
likely to remain attached to the raspberries (Kniel et al.  2002 ). Thus, not only are 
such fruits perhaps more likely to be contaminated at consumption (parasites not 
removed by standard washing), but also it will be more diffi cult to elute the parasites 
from such fruits for identifi cation. 

 The composition of the elution solution that is used has also been the subject of 
debate. Earlier research used the same solution that was recommended by the US 
Environment Protection Agency for removing parasites from membrane fi lters dur-
ing analysis of water. This solution contains a mixture of salts, together with Tween 
80, sodium dodecyl sulphate and antifoam A (Robertson and Gjerde  2000 ,  2001a ), 
but other publications have found that 1 M glycine at pH 5.5 acts as a satisfactory 
elution medium (Cook et al.  2007 ; Amorós et al.  2010 ). This may be simpler to make 
than a complex detergent solution, and therefore is advantageous; however there is 
debate regarding the importance of pH, and whether different pH are more effi ca-
cious for different product types. This issue is currently not resolved and it is unclear 
why pH should impact on removal effi ciency for different types of produce. 
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 The quantity of sample analysed is also a matter for consideration; for water 
samples the volume analysed is considerably over a portion size (minimum of 10 l), 
but for food samples, it is probably not possible to analyse in an equivalent fashion 
and it has been demonstrated that the greater the sample size, the less effi cient the 
method at recovering parasites (Robertson and Gjerde  2001b ). This reduced effi -
ciency is presumably a refl ection of both compromised elution effi ciency and the 
increased quantity of other debris from the produce in the eluate that may inhibit or 
hinder other steps in the analysis process. Thus sample size should be a compromise 
that is selected to maximise recovery effi ciency and also to enable detection of low- 
level contamination, at least at the infective dose per portion size. This is likely to 
vary according to the type of sample being analysed, but currently recommended 
sample sizes according to the ISO 18744 Method are between 25 and 100 g. 

 Although the standard method being developed is intended for analysis of berry 
fruits and leafy vegetables, analyses based on this approach have also been used for 
other varieties of fruits and vegetables including asparagus, baby sweet corn, 
Brussel sprouts, carrots, chillies, peppers, herbs (parsley, dill), leeks, mushrooms, 
onions, tomatoes, water spinach and sprouted seeds of different varieties (alfalfa 
sprouts, mung bean sprouts and radish sprouts). The latter of these is considered a 
particular challenge to analyse (Robertson and Gjerde  2001b ), as material washed 
from the sprouted seeds (particularly mung beans) during the elution step not only 
appears to clog the mesh in homogeniser bags but may also interfere with the IMS 
procedure, possibly by coating the paramagnetic beads and thereby reducing the 
binding potential between the antibody and the cysts. Such materials may include 
mucopolysaccharides from sprout or seed cell walls, other cellular debris, micro-
fl ora and excretory products of microfl ora and biofi lms, in particular bacterial exo-
polysaccharides (Robertson and Gjerde  2001b ). As such materials are likely to 
increase in older samples, the freshness of the sample (not just for sprouted seeds) 
is also an important factor that might affect recovery effi ciency of the method. In the 
ISO method currently under development it is stated that the sample should be 
regarded as perishable and analysis shall commence no later than 24 h after receipt. 
In addition, the samples should be stored refrigerated (between 4 and 8 °C) in order 
to reduce sample deterioration.  

4.2     Shellfi sh 

 Although only one small outbreak of giardiasis associated with bivalve molluscan 
shellfi sh has been documented (see Table   3.1    ; Smith-DeWaal et al.  2001 ), this prod-
uct group is recognised as having potential as a vehicle for transmission. Not only 
are such shellfi sh traditionally consumed raw or lightly cooked, but they are also 
likely to come into contact with protozoan cysts in sewage outfl ow or run-off from 
land due to their preferred locations (intertidal or estuarine areas or areas close to 
the coast). Pathogens in such waters may become accumulated in bivalve molluscan 
shellfi sh tissues due to their particular method of alimentation that involves 
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fi ltration of large volumes of water and concentration of particles (Robertson  2007 ; 
Gómez-Couso and Ares-Mazás  2012 ). 

 Although a widely accepted, optimised method for analysis of shellfi sh for 
 Giardia  contamination has yet to be described (Robertson  2007 ), some research 
groups have attempted to develop an optimised method by artifi cially contaminating 
shellfi sh and comparing recovery effi ciencies of different methods and approaches 
of analysis. Different research groups have sometimes reported rather different effi -
cacies of very similar methods. In general, the methods start with a tissue homogeni-
sation step (although some research group have used gill-washing or haemolymph), 
followed by a concentration procedure (usually centrifugation); most researchers 
apparently agree that tissue homogenates provide better results than gill samples 
(homogenate or washings) or haemolymph (Robertson and Lim  2011 ). Following 
concentration, a purifi cation/cyst isolation procedure is used, which may be non- 
specifi c (fl otation on caesium chloride or sucrose gradients, or lipid extraction) or 
specifi c (IMS). Although IMS has been considered useful by the majority of 
researchers, others have found that its performance is so severely affected by the 
nature of the matrix that it provides no advantages (Schets et al.  2007 ). In these 
cases it would appear that the users are experiencing a similar problem to that 
reported for sprouted seeds, and that some constituent of the shellfi sh homogenate 
forms a coat on the paramagnetic capture beads, thereby either preventing or reduc-
ing the binding of the parasites to the antibodies, or hindering magnetic holding of 
the beads to the tube wall when held in the magnet. Oysters have been reported to 
be particularly diffi cult, and it is assumed that because oysters tend to be mucilagi-
nous this may be the factor that inhibits IMS. 

 However, the very different biochemical nature of shellfi sh compared to water 
concentrates or washings from fruits and vegetables may indicate that a completely 
different elution approach may be more suitable. Based on the relatively high pro-
tein content of shellfi sh (8–20 % depending on shellfi sh species), Robertson and 
Gjerde ( 2008 ) developed a pepsin-digestion method which was based on the meth-
odology usually used for the detection of  Trichinella  spp. larvae in meat or for 
recovering  Ostertagia ostertagi  larvae from the abomasal mucosa of cattle. This 
method was found to result in relatively high recovery effi ciencies (70–80 %) when 
followed by IMS and detection by IFAT (Robertson and Gjerde  2008 ), and has since 
been modifi ed by Willis et al. ( 2012 ), in which the protein digestion is followed by 
concentration by centrifugation and washing in detergent solution. This modifi ed 
method has the advantage of being considerably cheaper and apparently results in 
very little loss in recovery effi ciency. However, for some samples analysed by the 
modifi ed method of Willis et al. ( 2012 ), a large pellet size precluded complete analy-
sis, and this problem might perhaps have been resolved by the inclusion of a further 
purifi cation step, not necessarily based upon IMS (e.g. fl otation). Further compara-
tive research with protein digestion may provide a method that may be considered 
suitable for standardisation when it has been validated in other laboratories. 

 Although for fresh produce (fruits and vegetables) most studies have relied almost 
exclusively on IFAT for detection, with shellfi sh some research groups have used 
other techniques or combined IFAT with other techniques such as fl uorescent in situ 
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hybridisation (FISH) and PCR. Although some research groups have found PCR to 
be less sensitive than IFAT, several authors consider that no one method is superior 
to another, but that the different techniques complement each other, and provide dif-
ferent types of information. It should probably be noted that the recovery effi ciency 
of the same method may vary with species of shellfi sh, with particularly mucoid 
shellfi sh, such as oysters, being more likely to have lower recovery effi ciencies.  

4.3     Meat 

 Apart from the outbreak of giardiasis that was assumed to have been associated with 
tripe soup (see Table   3.1    ; Karabiber and Aktas  1991 ), no outbreaks or individual 
cases are recorded that are associated with ingestion of contaminated meat or meat 
products. Therefore, there has been very little research directed towards detecting 
 Giardia  cyst contamination of meat. Although, a study from India investigated goat 
meat samples for contamination with  Giardia  cysts using IFAT, Lugol’s stain and 
PCR for detection, the sample preparation is diffi cult to follow, and no recovery 
effi ciencies of the method are provided (Rai et al.  2008 ). In another unpublished 
study,  Giardia  has been reported to have been detected in various raw meats (chicken 
breasts, minced beef, pork chops) from retail outlets using PCR and IFAT for detec-
tion (Dixon  2009 ). However, the actual process used for detection is not supplied, 
and, again, nor is the recovery effi ciency. It might be expected that, on the whole, 
methods and recovery effi ciency results would be similar to those for  Cryptosporidium  
on meat products (which has been the subject of more research studies), and the 
reader is referred to the companion Springer brief (“ Cryptosporidium  as a Foodborne 
Pathogen”) for further information on approaches to analysing meat for protozoa as 
surface contaminants.  

4.4     Beverages 

 Apart from outbreaks of giardiasis associated with drinking water, there have been 
no documented outbreaks, or individual cases, associated with beverages. Thus 
research directed towards detecting  Giardia  cysts as contaminants of beverages 
such as fruit juices, milk or other beverages has been relatively scarce. A study from 
India analysed 20 ml milk samples for  Giardia  cysts by using a method in which the 
sample was treated with 1 ml Bacto-Trypsin and 5 ml Triton X-100 for 30 min at 
50 °C, before centrifugation and washing in water (Rai et al.  2008 ). However, no 
recovery effi ciencies of the method are provided. Similarly, a study from Egypt on 
fruit juices in which analysis involved centrifugation, Sheather’s sugar fl otation and 
staining with modifi ed Ziehl–Neelsen also gave no indication of recovery effi ciency 
(Mossallam  2010 ). More extensive work on protozoa in beverages has been directed 
towards  Cryptosporidium , and it is likely that methods similar to those used for 
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 Cryptosporidium  could be adapted for analysis of samples for  Giardia . Therefore, 
the reader is referred to the companion Springer brief (“ Cryptosporidium  as a 
Foodborne Pathogen”) for further information.  

4.5     Water Used in the Food Industry 

 The food industry is a large water user; among other things, water is used as an 
ingredient, as an initial and intermediate cleaning medium, for conditioning raw 
materials (soaking, cleaning, blanching and chilling) and as a conveyor of raw mate-
rials. Prior to food-processing, water is used for irrigation of crops, for application 
of chemicals such as pesticides, for depuration and for general cleaning purposes. 
Although water of non-potable quality may be appropriate for some uses in the 
water industry, for other uses it is essential that the quality of the water is of the 
same microbiological quality as drinking water. In order to reduce water usage/
wastage, in the fresh produce industry in particular, water might be recycled, often 
with a purifi cation step (use of a sanitizer) to inactivate pathogens already removed 
from the produce (Gil et al.  2009 ). This sanitisation step often involves chlorination, 
but other technologies such as photocatalysis (Selma et al.  2008a ), ozone and UV 
(Selma et al.  2008b ) have also been proposed. The problem is that the effi cacy of the 
sanitizing step is usually, understandably, directed towards bacteria, which have the 
potential to multiply on the produce. However, sanitizers that are effective against 
bacteria may be ineffective against protozoan cysts; although  Giardia  will not rep-
licate in wash water, by reusing such water for a further washing step, cysts can be 
distributed onto previously clean areas of product such that a point contamination 
becomes spread throughout a batch, and thus a limited contamination that might be 
associated with the likelihood of a single case of infection may be distributed such 
that the possibility of a single case expands to the possibility of an outbreak. 

 Methods specifi cally directed towards analysing water used in the food industry 
for  Giardia  cysts have not been developed, but approaches based on the standard 
protocols for drinking water would probably be most appropriate (i.e. the US EPA 
Method 1623; ISO Method 15552), and have indeed been used for both irrigation 
water and processing water in the food industry (   Robertson and Gjerde 2001a). 
It should, however, be realised that reused water may have a greater load of con-
taminating debris than drinking water, and thus a lower recovery effi ciency may be 
expected. The use of an internal process control may be of use in such instances to 
monitor recovery effi ciencies (Warnecke et al.  2003 ).       
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                    The results of surveys for  Giardia  in different food matrices provide a snapshot in 
time of what was found on a particular food sample, under particular conditions, 
using a particular method, in a particular laboratory, by a particular analyst. As 
some of the methods are relatively expensive (particularly IMS, if used) often only 
a small number of samples are analysed, and as recovery effi ciencies are often supe-
rior with smaller sample sizes, only a small quantity of the product is analysed. 
Thus, results from such surveys can only be considered to give a very diffuse insight 
into the risk of ingestion of a  Giardia  cyst from a particular product. Furthermore, 
surveys that do not investigate genotype of any  Giardia  cysts detected cannot even 
determine whether cysts that are found are infectious to humans, and thus of public 
health signifi cance. Additionally, surveys that do not consider the viability or infec-
tion potential of the cysts are similarly hampered. Nevertheless, whilst acknowledg-
ing the limitations of such surveys, it should also be realised that these results are 
our only verifi ed, scientifi c handle on contamination of food matrices with poten-
tially infective  Giardia  cysts, and thus the information that they provide is useful. In 
addition, investigation of food matrices for  Giardia  contamination in an outbreak 
situation has the potential to identify infection routes, and thus take measures 
against them. Information from food products analysed under an outbreak situation 
is of greater value if survey data are also already available against which the 
outbreak- related analyses can be compared. Occurrence data are being improved all 
the time, as further studies are conducted with better, more effi cient methods. The 
information provided in the sections below is intended to give an insight into what 
we know about the occurrence of  Giardia  cysts on different product types as of 
today—more up-to-date information should always be sought. When comparing 
occurrence results from different studies, the method used and the recovery effi -
ciency of that method should always be borne in mind, as surveys using very differ-
ent methods or similar methods but with different recovery effi ciencies cannot 
properly be compared. When recovery data are not provided, it may be most appro-
priate to assume that it is low, and thus any contamination data provided are likely 
to be conservative. It should be noted that it is not appropriate to use recovery 
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effi ciency data obtained by another research group, even if the analytical methods 
used are very similar. Examination of the literature reveals that different laborato-
ries may achieve very different recovery effi ciencies; for example, while Cook et al. 
( 2007 ) report a recovery effi ciency of  Giardia  cysts from artifi cially contaminated 
salad leaves of 46.0 ± 19.0 % ( n  = 30), and of 36.5 ± 14.3 % ( n  = 20) when internal 
controls were used on samples, a study using the same technique in Spain (Amorós 
et al.  2010 ) reported a mean recovery effi ciency of  Giardia  cysts from salad vegeta-
bles (Chinese cabbage and lettuces) of only 16.7 ± 8.1 % ( n  = 8)—this is less than 
50 % than that achieved by the lab developing the method. 

5.1     Fruits and Vegetables 

 Outbreaks and method development are probably the two greatest drivers for sur-
veys for contamination of food products with  Giardia  cysts, and fresh fruits and 
vegetables have probably been the food matrices with the greatest number of sur-
veys (Robertson  2013 ). Despite produce-associated outbreaks being relatively rare, 
 Giardia  cysts have been detected as contaminants on/in a range of raw vegetables 
and fruits (see Table  5.1 ). In general, a widespread, low-level contamination of fresh 
produce can be inferred from these results. In addition to the studies listed in 
Table  5.1 , in which the analytical methodologies used are based upon the principles 
adopted by a proposed ISO standard, studies have also been conducted in nearly all 
regions of the world, including countries in Africa, Asia and South America where 
giardiasis is perhaps considered endemic; these studies (e.g. Amahmid et al.  1999 ; 
Vuong et al.  2007 ; Monge and Arias  1996 ; Takayanagui et al.  2000 ; Fallaha et al. 
 2012 ; Keserue et al.  2012 ) also tend to show widespread contamination in different 
fresh produce, and associations are occasionally made with crop cultivation vari-
ables (e.g. use of wastewater for irrigation or seasonality). For example, a survey of 
vegetables from supermarkets and a public market in the Philippines reported that 
1 % of vegetables were contaminated with  Giardia  cysts, and it was speculated that 
application of human and animal waste to agricultural land was one possible con-
tamination source (De Leon et al.  1992 ).

   Interestingly, North America seems to be one region of the world where surveys 
of vegetables for  Giardia  cysts are lacking. However, a recently published survey 
from Canada (Dixon et al.  2013 ) goes some way to correcting this omission and 
reports a 1.8 % prevalence of  Giardia  (10 of 544 samples found positive) in pack-
aged ready-to-eat leafy greens that included iceberg lettuce, romaine lettuce, baby 
lettuces, leaf lettuce, radicchio, endive and escarole, and with some samples also 
containing spinach and romaine lettuce. Most samples were grown in the USA, but 
some were from Canada and/or Mexico. However, this study used PCR for detection 
(with IFAT used to screen those samples that were PCR positive), but unfortunately 
did not provide any data on limits of detection. In addition, although two of the PCR-
positive samples were found also positive by IFAT, the number of cysts detected was 
not documented (the authors state that in “the majority of surveillance studies” no 
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attempt is made to enumerate the parasites—although this is manifestly not the case 
for those studies using methods based on the principles adopted by the ISO Method; 
see Table  5.1 ). Providing a measure of the concentration of cysts detected per prod-
uct is useful input data for risk assessment, and can be obtained with very litte extra 
effort when IFAT is used as the detection method; regular PCR (as opposed to real 
time-PCR) as used in this study provides only presence or absence information and 
no information on quantifi cation. However, PCR analysis can provide useful geno-
type information that cannot be obtained by IFAT unless secondary, post-detection 
molecular analyses are performed; in the Canadian study, which Assemblage of 
 Giardia  was detected is described for nine of the positive samples, being Assemblage 
B for seven samples and Assemblage A for two samples. It is unclear why this infor-
mation could not be obtained for one sample. These data suggest that not only are 
the cysts, if infectious, of health signifi cance for the human consumer but also the 
sources of contamination are likely to be human rather than animal. Thus, as human 
sewage is unlikely to be used for fertilizer of food crops cultivated in the USA, it is 
tempting to suggest that the most likely sources of contamination here were either 
human handlers or water used for washing the produce in the packing plant. 

 There are also a considerable number of studies published in the “grey litera-
ture”—particularly from Asia, but these studies are often diffi cult to access and the 
quality of the study is sometimes questionable. For these reasons, these studies are 
not detailed or referenced here. Whether the cysts detected are infectious/viable and 
of a genotype of public health signifi cance has not been explored in any study, pre-
sumably because the cysts tend to be found at low concentrations (this is the reason 
stated for not exploring viability in the study by Dixon et al. ( 2013 )) and also, for 
many studies, the detection method inactivates them or reduces their viability (e.g. 
fi xing to microscope slides).  

5.2     Shellfi sh 

 Although some studies have suggested that  Giardia  cysts may not be ingested by 
shellfi sh as readily as  Cryptosporidium  oocysts (   Graczyk et al. 2003), and also that 
if they are ingested they may be digested by the shellfi sh themselves (   Graczyk et al. 
2006), experimental studies have shown that some types of shellfi sh, such as clams 
and oysters, can concentrate  Giardia  cysts in their tissues (Gómez-Couso and Ares- 
Mazás  2012 ). Additionally, the association of  Giardia  cysts with marine macroag-
gregates has been speculated to enhance their bioavailability to invertebrates and 
thus their subsequent incorporation into the marine food web (Shapiro et al.  2013 ). 

 Although only three of the fi ve surveys of shellfi sh (of species that are commonly 
eaten) for  Giardia  cysts published between 1997 and 2007 reported detection of 
 Giardia  cysts (Robertson  2007 ), a further fi ve survey studies published since that 
review was published (Lévesque et al.  2006 ,  2010 ; Robertson and Gjerde  2008 ; 
Lucy et al.  2008 ; Leal Diego et al.  2013 ) have also all reported the occurrence of 
 Giardia  cysts (see Table  5.2 ). Additionally, some of the studies have investigated the 
genotype of the  Giardia  cysts detected, and established that, genotypically, they 
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have the potential to infect humans (Gómez-Couso et al.  2004 ; Gómez-Couso and 
Ares-Mazás  2012 ), with  Giardia  cysts from both Assemblage A and Assemblage B 
reported. Viability/infectivity of the  Giardia  cysts detected has not been investigated 
in any studies. The variation in analytical techniques used for shellfi sh means that 
comparison between studies is extremely challenging, and it is impossible to reach 
any general conclusions, apart from that  Giardia  cysts appear to accumulate within 
various species of shellfi sh, and may have infectious potential. Thus, they cannot be 
excluded as a potential risk food with respect to transmission of giardiasis.

5.3        Meat 

 Currently there are few reports on investigation of meat for  Giardia  cyst contamina-
tion. One investigation that has been published is from India, where three batches of 
goat meat were considered to be positive by both IFAT (using a Cy3-labelled anti-
body) and PCR (Rai et al.  2008 ). Cyst enumeration does not seem to have been con-
ducted and the photomicrograph provided in the publication is less than convincing. 
Although PCR detection was conducted, genotype data are not provided. The authors 
do not explore the likely source of contamination, and as no genotyping data are 
provided, it is diffi cult to speculate on whether contamination of goat meat is likely 
to be from faecal matter from the goats themselves, or from human handlers of the 
meat. Presumably contamination of meat via fl ies or other vectors is also possible. 

 In another unpublished study,  Giardia  was detected in various raw meats (chicken 
breasts, minced beef, pork chops) from retail outlets using PCR for detection, and 
one pork chop was also found to be positive for  Giardia  by IFAT (reported in Dixon 
 2009 ). One interesting fi nding from the Canadian data (Dixon  2009 ) is that genotyp-
ing of the positive samples indicated that the majority of contamination was from 
Assemblage B, which probably indicates a human source of contamination (food-
handler)—although animal infections with Assemblage B have been occasionally 
reported (e.g. Lalle et al.  2005 ), it is much more common in human infections. 
However, in one minced beef isolate, the  Giardia  detected was of Assemblage E. 
This indicates an animal source of contamination (cattle, sheep), and it can be spec-
ulated that the most likely source of contamination in this case is from faecal/intes-
tinal matter at the slaughterhouse. As Assemblage E is non-zoonotic, this should be 
considered to be of little public health signifi cance. However, it does indicate that 
the product has probably been contaminated with animal faecal matter, and thus the 
potential for other animal pathogens—not just parasites—also being present.  

5.4     Beverages 

 As with meat, there are few reports on investigation of beverages for  Giardia  cyst 
contamination. One study from India reported that two out of the three batches of 
milk were considered to be positive by both IFAT and PCR (Rai et al.  2008 ). But, as 
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for the meat samples in the same study, information is not provided regarding the 
cyst concentrations or the genotypes of the cysts detected, and no information is 
provided that may indicate whether the cysts are more likely to originate from the 
animal being milked (it is not stated whether the milk is from cows or goats) or from 
human handling of the milk. This information is important both epidemiologically 
and regarding the likely infection risk to humans. 

 A study from Egypt investigated a range of different juices (strawberry, sugar 
cane, mango, lemon and orange) for contamination with protozoan parasites, and 
reports the detection of  Giardia  cysts in all juice types (Mossallam  2010 ). For each 
fruit juice, 35 samples were collected from roadside stalls for analysis and the 
occurrence of  Giardia  contamination ranged from 23 % (8 samples positive) for 
lemon juice to 9 % (3 samples positive) for orange juice. In total, 28 samples of 
juice (16 %) were reported to contain  Giardia  cysts, but cyst numbers per volume of 
sample analysed are not provided; such information would be relevant and useful 
for risk assessment. It is unclear why the number of  Giardia  cysts detected per 
sample is not provided. This study also attempted to assess cyst viability and infec-
tivity, both by examining inclusion and exclusion of the fl uorogenic dyes propidium 
iodide and fl uorescein diacetate, and by mouse infectivity trials. The results from 
these studies indicated low cyst viability and lack of infectivity in the most acidic 
juices (orange (pH 2.9) and lemon (pH 3.2)), but high viability and infectivity in the 
other three juices that were less acid (ranging from pH 4 (mango) to pH 7.5 (sugar 
cane)). Although pH has been considered to be of relevance with regard to inactiva-
tion of  Giardia  cysts using disinfectants (   Fernando  2009 ), and some acidic solu-
tions have also been considered for use as “home” disinfectants (Sadjjadi et al. 
 2006 ; Costa et al.  2009 ), there are few precisely controlled studies on the effect of 
pH alone on the survival of  Giardia  cysts. Obviously,  Giardia  cysts survive the 
acidic pH in the stomach before excysting in the duodenum, but it is unclear if cysts 
exposed to a low pH continue to have infectious potential for a prolonged period.  

5.5     Water Used in the Food Industry 

 Irrigation with untreated water is a major potential route of crop contamination with 
 Giardia  (Cook and Lim  2012 ). Surface waters may contain  Giardia  cysts, either 
from sewage discharge or from contamination from animal sources, and if this 
water is used for irrigation or for other agricultural uses (e.g. application of pesti-
cides or fertilizers), then these may be transferred onto the surfaces of the crops. In 
Norway, samples from a river used for irrigation of lettuces were found to contain 
 Giardia  cysts (Robertson and Gjerde  2001a ), although  Giardia  cysts were not 
detected on lettuces from this location that were analysed. A survey of irrigation 
waters at 3 sites where fruit and vegetable crops were produced in the USA, and at 
22 sites in three Central American countries, demonstrated  Giardia  contamination 
at 2 (67 %) and 13 (59 %) sites, respectively, thus an overall prevalence of 60 % 
(Thurston-Enriquez et al.  2002 ). While the concentrations of  Giardia  cysts detected 
in waters in Norway were low (1 cyst per 10 l) and also relatively low in the USA 
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(mean of 25 cysts per 100 l), in Central America the concentrations of cysts were 
considerably higher, with a mean of over 550 cysts per 100 l, indicating not only 
considerable contamination of the irrigation water but also, more importantly, a 
considerable potential for contamination of crops (Robertson and Gjerde  2001a ; 
Thurston-Enriquez et al.  2002 ). In Mexico also the levels of  Giardia  cyst contami-
nation in irrigation waters have been shown to be high, with over 50 % of the sam-
ples of irrigation water containing  Giardia  cysts, and with concentrations ranging 
from under 20 cysts per 100 l to over 1,600 cysts per 100 l (Chaidez et al.  2005 ), 
while in another study from a major irrigation system in Mexico in which six irriga-
tion water samples were analysed for  Giardia  cysts, the mean concentration was as 
high as 3.5 cysts per 100 ml despite there being no direct sewage discharges into the 
irrigation canal system, indicating that contamination was probably from animals, 
weather events or localised contamination events (Gortáres-Moroyoqui et al.  2011 ). 
In developing countries, or countries where water resources are scarce, it makes 
sense to use wastewater for crop irrigation, and it has been shown that the use of 
untreated wastewater in agriculture can have major fi nancial and nutritional benefi ts 
for farmers and consumers (Ensink and van der Hoek  2009 ). However, the potential 
for transfer of pathogens, including  Giardia  cysts, from the irrigation water to the 
crop should not be overlooked, and a simple pretreatment step may make a large 
difference to the contamination potential. For example, fi eld trials from Morocco 
demonstrated that while  Giardia  cyst contamination could not be detected on differ-
ent crops that were irrigated with wastewater that had been treated via waste stabili-
sation ponds, crops that had been irrigated with untreated wastewater were frequently 
contaminated with  Giardia  cysts, with approximately 40 % of coriander samples 
contaminated (mean cyst burden of 250 cysts per kg), 30 % of carrot samples (mean 
cyst burden of 150 cysts per kg), 50 % of mint samples (mean cyst burden of 100 
cysts per kg) and 80 % of radish samples (mean cyst burden of 50 cysts per kg) 
(Amahmid et al.  1999 ). A study from Thailand has also suggested that fl ow-through 
canals, which can be viewed as waste stabilization ponds, are effective at removing 
 Giardia  cysts, with the main removal mechanisms considered to be sedimentation 
and sunlight (UV) irradiation (Diallo et al.  2009 ). 

 It should also be remembered that using untreated wastewater in agriculture may 
carry a risk to the farmers themselves as they are going to be in closer contact with 
a medium that is likely to contain pathogens. A study in Faisalabad, Pakistan, found 
that farmers that used untreated wastewater for irrigation were more likely to suffer 
from symptomatic giardiasis than farmers who did not (Ensink et al.  2006 ). 

 Cabbage and lettuce crops irrigated with sewage near Asmara, Eritrea, were also 
found to be contaminated with  Giardia  cysts (Srikanth and Naik  2004 ), with 50 % 
of samples positive. Similarly, water spinach grown near to wastewater discharge 
outlets near Phnom Penh, Cambodia, has been found to have relatively high con-
tamination— Giardia  cysts were detected on 56 % of 35 samples at a concentration 
of 6.6 cysts per gram (Vuong et al.  2007 ). A publication from a study in Thailand 
(Keserue et al.  2012 ) suggests that the researchers were able to “track” the cysts 
from wastewater to irrigation waters and fi nally to confi rm the contamination of 
salads and water vegetables. In this study, concentrations of  Giardia  cysts in 
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irrigation waters were around 10 cysts per litre, and a brief wash of the fresh pro-
duce by farmers prior to sale was considered to have only a very minor impact on 
removing the contamination. Note that unhygienic post-harvest handling (such as 
washing in contaminated water) might increase, rather than decrease, contamination 
levels (Ensink et al.  2007 ). 

 The method of irrigation with potentially contaminated water may facilitate or 
impede potential contamination of produce. For example, sprinkler irrigation, in 
which the water is piped to one or more central locations within the fi eld and distrib-
uted by overhead high-pressure sprinklers or guns, is likely to result in contamina-
tion of the leaf-crop or fruit produce, whereas drip irrigation or trickle irrigation, in 
which water is delivered, drop by drop, at or near the root zone of plants, is less 
likely to result in contamination of leaves and fruits. Additionally, this method is 
probably more water effi cient, as evaporation and run-off are minimised. Sub- 
irrigation, in which the water table is artifi cially raised so that the soil is moistened 
from below the plants’ root zone, is also unlikely to result in contamination of fruits 
or leaves above the ground. Thus, ensuring that irrigation water is delivered to the 
roots, rather than coming into contact with the leaves and fruits of the plant, is likely 
to minimise contamination. Whilst this principle may be appropriate both for irriga-
tion and application of fertilisers, it is probably unsuitable for application of pesti-
cides. Additionally, for crops growing close to the ground (such as lettuce or 
strawberries), the potential for splash-up from contaminated soil may also be impor-
tant. This may occur during irrigation, but should also be considered during intense 
rain. The potential for contamination of crops during, for example, fl ooding of fi elds 
during extreme weather events is one aspect of climate change that is beginning to 
be explored in research projects and also as a result of specifi c events (e.g. Casteel 
et al.  2006 ). However, the effect of extreme weather events on contamination of the 
drinking water supply with pathogens, including  Giardia , is presently of greater 
focus (Kistemann et al.  2002 ; Cann et al.  2013 ) than contamination of produce dur-
ing or following extreme weather events. 

 Also in the fresh produce industry,  Giardia  cyst contamination was detected in 
water used in bean sprout production in Norway (Robertson and Gjerde  2001a ) 
(contamination assumed to have originated from the bean sprout seeds), whilst in 
Mexico 83 % of wash-water tank samples used in a packinghouse were found to be 
contaminated with  Giardia  cysts, with concentrations reaching as high as over 500 
cysts per 100 l (Chaidez et al.  2005 ). Thus, spread of  Giardia  contamination between 
produce in produce washing facilities, particularly when wash-water is recycled 
between batches, is one potential aspect for contamination that should be consid-
ered as part of Hazard Analysis and Critical Control Point (HACCP) routines. 

 Depuration processes are another means by which water may be used to spread 
contamination from contaminated food, here shellfi sh, to non-contaminated food. 
During depuration, harvested shellfi sh are placed in a controlled aquatic environ-
ment, where it is intended that they will purge themselves of their gastrointestinal 
contents, and thereby any pathogens. The literature investigating whether depura-
tion may result in spread of contamination with  Giardia  cysts, rather than reduction, 
is very scant and there are insuffi cient controlled studies to reach a conclusion 
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(Robertson  2007 ). However, the data that has been amassed suggest that depuration 
times (for  Giardia  cysts) vary between shellfi sh species, and standard times are 
probably ineffective (Nappier et al.  2010 ). In addition, other factors, such as tem-
perature and salinity, may affect depuration and uptake of  Giardia  cysts in depura-
tion tanks (Willis et al.  2013 ). 

 Processing procedures post harvest of crops may also involve contact with water, 
particularly washing procedures. Again, via such processing procedures,  Giardia  
cysts may be spread from contaminated produce to non-contaminated produce, or 
throughout a batch with point contamination, or, if water is used that is already 
contaminated with  Giardia  cysts, then the contamination may be introduced. The 
extent to which such contaminations are spread, or become a potential risk to public 
health, depends upon a variety of factors including the concentration of cysts in the 
water, cyst viability, cyst infectivity as well as the specifi c contact and use of the 
water. In the fruit juices that were reported to be contaminated in Egypt (Mossallam 
 2010 ), the author speculates that the source of the juice contamination may be the 
water that was added to the juices rather than the fruit used for making the juice, as 
the juice that was subject to the least dilution with water (orange juice) had the low-
est number of positive samples. However water that was used for dilution of the 
juice was not investigated for contamination and insuffi cient data are provided to 
reach a defi nitive conclusion. Again, other potential sources of contamination in this 
case could be the utensils or the containers that came into contact with the juice, or 
the handlers themselves. Although not directly concerned with  Giardia , a study 
from Pakistan has indicated that unhygienic post-harvest handling was the major 
source of produce contamination for vegetables that had been irrigated with 
untreated domestic wastewater, and that an intervention at the market level, such as 
the provision of clean water for washing produce, could be a better way to protect 
public health and more cost effective than wastewater treatment (Ensink et al.  2007 ). 
It should be noted that a study from Iran found  Giardia  cysts on unwashed vegeta-
bles, but not on washed vegetables from the same villages (Shahnazi and Jafari- 
Sabet  2010 ), although other studies have noted that cursory washing of vegetables 
might have little impact on contamination with parasites (Keserue et al.  2012 ), and 
might even result in contamination in some instances. 

 Further research on the potential for water to act as a source of contamination of 
food is lacking. It might be noted that in major waterborne outbreaks of giardiasis, 
contamination of food by use of the contaminated water in the food industry has not, 
to date, been proven to be problematic. However, it is possible that infections may 
not be traced against a background of elevated infection. Also, in industrialised 
countries at least, food industries may have their own barriers in place (for example, 
in-line UV disinfection) to ensure that potentially contaminated water does not 
come into contact with vulnerable processes within the industry should municipal 
treatment fail or be inadequate.       
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                     Giardia  cysts are known to be robust. They can survive for extended periods in the 
damp, cool conditions in which fresh produce or shellfi sh (likely vehicles for  Giardia  
cysts) are generally stored, and can also survive harsher conditions such as contact 
with chlorine, although they are susceptible to desiccation, heating and freeze-thaw-
ing, as well as some types of irradiation and chemical treatments. Nevertheless, the 
resilience of  Giardia  cysts to environmental pressures means that inactivation or 
decontamination of food products that are to be eaten with minimal processing in 
order to retain their sensory qualities, such as taste and texture, is probably the wrong 
approach; it is better to avoid contamination to begin with  . 

 As  Giardia  cysts as contaminants of food products must originate from a human 
or an animal source, the most effective means of controlling such contamination 
from occurring on fresh produce is application of Good Agricultural Practice (GAP) 
during primary production, Good Manufacturing Practice (GMP) during processing 
and Good Hygienic Practice (GHP) before consumption (Dawson  2005 ). GAP 
includes using clean water for irrigation, fertiliser/pesticide application and wash-
ing, ensuring that domestic animals do not graze or contaminate horticultural areas, 
and taking precautions to ensure that wild animals do not have access to these grow-
ing areas. Wild animals excreting  Giardia  cysts with zoonotic potential have been 
detected in irrigation catchments and have been suggested to pose a potential threat 
to human health via crop contamination (McCarthy et al.  2008 ). 

 The pretreatment of wastewater in waste stabilisation ponds before using it as 
irrigation water was found to reduce contamination of crops with  Giardia  cysts in 
Morocco (Amahmid et al.  1999 ), while another study suggested that raw wastewa-
ter could be ozone treated for 1 h prior to use for agricultural purposes in order to 
inactivate  Giardia  cysts and other parasitic pathogens (Orta de Velásquez et al. 
 2006 ). A further study suggested that membrane ultrafi ltration using a submerged 
hollow-fi bre system could be suitable for treating wastewater prior to using it for 
irrigation to ensure removal of  Giardia  cyst contamination (Lonigro et al.  2006 ). 

 During processing procedures (e.g. washing, chopping, packaging), water of 
potable standard should also be used, and if the wash-water is reused then the 
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disinfection procedures should be effective at inactivating  Giardia  cysts (Cook and 
Lim  2012 ). It should be noted that the organic load in wash-water becomes very 
high (Rosenblum et al.  2012 ), and thus a disinfectant dose that is suffi cient to inac-
tivate  Giardia  cysts in clean water may be ineffective in wash-water. 

 During many food-manufacturing processes, elimination of microbial pathogens 
from foods is achieved by a variety of methods, including (most commonly) heat 
and chemical disinfection, and also irradiation or high pressure. Although the most 
commonly used sanitizer is traditionally chlorine (usually applied in the form of 
hypochlorous acid (HOCl), which is considered to be most effective), human health 
and environmental concerns (production of potentially carcinogenic by-products 
such as trihalomethanes and haloacetic acids and generation of wastewater with 
high levels of biological oxygen demand) have led some European authorities to 
prohibit the use of chlorine in organic produce washing. For example, several 
European countries, including Germany, Denmark, Holland and France, have 
banned the use of chlorine in washing organic produce, and alternatives, such as 
ozonisation or neutral electrolysed water, have been explored (Rosenblum et al. 
 2012 ; Abadias et al.  2008 ). Nevertheless, chlorination remains the most commonly 
used commercial sanitizing agent, with concentrations used for food application 
ranging from 50 to 200 ppm. For fresh produce, the most common application is 
100 ppm hypochlorite; at pH 6.8–7.1, this dose yields 30–40 ppm free chlorine, 
depending upon organic load, for a contact time of 2 min at 4 °C, and is considered 
to be effective by affecting cell membrane proteins and inhibiting the activities of 
enzymes (cyst wall disruption, lysis of peripheral vacuoles, nuclear degradation and 
damage to the plasma lemma have been reported to be the main aspects of  Giardia  
cyst injury from contact with chlorine; Li et al.  2004 ). Although contact with 
1.5 ppm chlorine for less than 10 min at 25 °C has been reported to result in a 99 % 
reduction in the viability of  Giardia  cysts, 8 ppm is necessary to achieve the same 
effect at 5 °C (Jarroll et al.  1981 ), and thus the effi cacy of standard chlorination at 
inactivating  Giardia  cysts on fresh produce is dependent on a range of factors. 
However, 30 ppm is considerably higher than the 8 ppm considered effective at 
5 °C. For some more delicate produce, such as soft fruit (e.g. strawberries and rasp-
berries), a quick spray with, or a brief (10 s) immersion in, 15–20 ppm free chlorine 
is used—depending on a range of factors, this may provide insuffi cient contact time 
for effective inactivation of  Giardia  cysts. The effi cacy of sodium dichloroisocyan-
urate (NaDCC) at inactivating  Giardia  cysts on raw vegetables and fruits has been 
investigated (El Zawawy et al.  2010 ) and considered effective; the authors suggest 
that it may be suitable for use at the household and restaurant level, as well as in 
catering and fresh produce industry, mentioning its convenience in dry tablet for-
mat, and also its cheapness. Other technologies that may be useful in the fresh pro-
duce industry for inactivating  Giardia  cysts include UV irradiation, high-pressure 
processing, cobalt-60 irradiation (Sundermann and Estridge  2010 ) and, as men-
tioned previously, ozonisation. It should be noted that the use of sequential inactiva-
tion treatments might optimise existing treatments through synergistic effects 
(Erickson and Ortega  2006 ). 

 Producers have also considered the use of a range of “organic” products for 
decontaminating fresh produce. In particular, edible fi lms of essential oils 
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(including essential oils of oregano, allspice, cinnamon, thyme and clove bud) have 
been tested for their antimicrobial properties, with terpenoids and phenolic com-
pounds considered to be largely responsible for their effi cacy (Muriel-Galet et al. 
 2012a ), along with fi lms containing enzymes, and organic acids, such as lauric 
arginate (Muriel-Galet et al.  2012b ). Although the effi cacy of these approaches 
against protozoan parasites such as  Giardia  on fresh produce has not been tested, 
some experiments have considered the use of household sanitizers such as vinegar 
and lemon juice, and produced some results that are promising, and may be of use 
at the small- scale/market-garden level (Sadjjadi et al.  2006 ; Costa et al.  2009 ). 
Further experimentation on such substances may be of benefi t in some situations. 

 In the shellfi sh industry,  Giardia  transmission is probably considered a relatively 
minor problem—if considered at all—and thus it may be useful to consider whether 
disinfection and inactivation treatments used for other more common treatments in 
the shellfi sh industry may be also effectual against  Giardia . As well as depuration, 
other processes have been considered for shellfi sh such as oysters, largely because 
 Vibrio  species tend to be fi rmly attached to shellfi sh tissues and not readily removed 
in depuration tanks. Other treatments that have been considered for shellfi sh include 
high hydrostatic pressure, ultra-low temperature freezing, mild heat treatment, fro-
zen dry storage, chemical treatments and irradiation (Wright et al.  2009 ). 
Unfortunately, it seems that those treatments that are effective against pathogens 
that are more commonly associated with shellfi sh tend also to kill the oyster, and 
thus introduce further problems regarding shelf life and storage. In addition, whether 
such treatments are effective against  Giardia  cysts in shellfi sh has not been explored. 

 Regardless of the type of food product, assessing inactivation effects of different 
treatment protocols on  Giardia  cyst viability requires appropriate methods for 
assessing the viability or the infectivity of the cysts. Unlike for bacteria, the culti-
vation of  Giardia   in vitro  is frequently diffi cult; lack of establishment of an  in vitro 
 culture may be the result of a range of cultivation issues rather than pre-cultivation 
treatments, and animal model infectivity (using mice or gerbils) is also diffi cult for 
some isolates, as well as incorporating ethical issues. Use of morphological criteria 
(as observed by microscopy, preferably with DIC optics) along with inclusion or 
exclusion vital dyes provides an estimate of cyst viability, but is probably too 
imprecise for providing an industry standard and also frequently overestimates 
viability, and thus underestimates the effi cacy of a treatment that is being investi-
gated (Erickson and Ortega  2006 ). In assessing the effi cacy of NADCC at inactivat-
ing  Giardia  cysts on fresh produce, El Zawawy et al. ( 2010 ) used  in vitro  
excystation, trypan blue staining and bioassay in laboratory animals—however all 
these methods can be fraught with diffi culties in interpretation. Molecular methods 
for assessing viability seem promising, but their lack of advance from the research 
lab to industry is indicative that they can also be problematic, and no single method 
for determining individual  Giardia  cyst viability and/or infectivity has been widely 
accepted to date. Probably these practical issues, as well as greater focus on bacte-
rial (and, more recently, virus) pathogens on produce than on protozoal pathogens, 
means that there has been negligible research on the survival of  Giardia  cysts 
under the different sanitizing regimes used in the food industry.      
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                    The principal legislation that is in place to control the spread of  Giardia , and similar 
protozoan parasites such as  Cryptosporidium , in food within the manufacturing, 
processing, distribution, catering and retail sectors includes local Food Safety Acts 
or Regulations. Such Acts or Regulations tend not to have any international impact, 
and are directed towards specifi c perceived or identifi ed problems. However, the 
foremost food safety management system for many years (since fi rst devised to 
ensure that foods consumed by astronauts were safe) has been HACCP (supported 
by GHP and GMP), the intention of which is to provide a systematic, cost-effective 
and effi cacious approach for risk management and prevention, and is of interna-
tional application. 

 In addition, responsible authorities set public health targets that must be included 
by those involved in the provision of food. For example, the World Trade 
Organization introduced the concept of appropriate level of protection (ALOP) as a 
public health target, and other concepts have been introduced to enable these targets 
to be translated into meaningful, tangible objectives for the food industry. These 
concepts include Food Safety Objectives (FSOs), Performance Objectives (POs) 
and Performance Criteria (PC) proposed by the International Commission on 
Microbiological Specifi cations for Foods (ICMSF) and adopted by the Codex 
Alimentarius Food Hygiene Committee. However, the method by which FSOs can 
be extrapolated from or to ALOPs has not yet been established, although it is con-
sidered that FSOs provide a functional link between risk assessment and risk man-
agement, with HACCP acknowledged to be the principal tool available for use in 
the food industry. 

 While HACCP enables the identifi cation of hazards and measures for their con-
trol, and the determination of critical control points along the farm/fjørd to fork 
continuum, for food producers, it differs from risk assessment. Risk assessment, 
comprising hazard identifi cation, hazard characterization, exposure assessment and 
risk characterization, is a complementary tool to HACCP. In HACCP, multiple haz-
ards for a single product in a particular facility are considered, whilst risk assess-
ment traditionally focuses on single pathogen–food combinations. However, for 
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both HACCP and risk assessment, the key objective is risk mitigation. The HACCP 
system was originally targeted towards microbiological safety and is based on seven 
principles:

•    Hazard analysis (identifi cation of hazards and assessment of their severity and 
risk)  

•   Identifi cation of critical control points (CCP)  
•   Specifi cation of criteria to ensure control (establishment of critical limits)  
•   Monitoring of critical CCP (establishment of a system by which CCP can be 

monitored)  
•   Implementation of corrective action whenever monitoring indicates that criteria 

are not being met (establishment of appropriate corrective actions when a CCP is 
not under control)  

•   Verifi cation that the system is functioning as planned (establishment of proce-
dures for verifi cation to confi rm that HACCP is working effectively)  

•   Documentation for all procedures and records appropriate to these principles and 
their applications    

 These principles have similarities, and differences, to the four established stages 
in risk assessment:

•    Hazard identifi cation: Identifi cation of agents capable of causing adverse health 
effects and that may be found in a particular food or food group  

•   Exposure assessment: Qualitative and/or quantitative evaluation of the likely 
intake of the relevant agents via food (also exposures from other sources if 
relevant)  

•   Hazard characterization: Qualitative and/or quantitative evaluation of the nature 
of the adverse health effects. For microbiological risk assessment the concerns 
relate directly to microorganisms (and/or, where relevant, their toxins)  

•   Risk characterization: Qualitative and/or quantitative estimation, including 
attendant uncertainties, of the probability of occurrence and severity of known or 
potential adverse health effects in a given population based on the three previous 
steps    

 Quantitative microbiological risk assessment (QMRA) is based on risk assess-
ment as described above, but has the fundamental aims of protecting consumers, 
enabling decision-making on food safety issues, and assisting relevant authorities to 
meet public health goals by providing numerical limits and targets (within defi ned 
ranges). By focussing on risks that are associated with single hazards and product 
groups, it is possible to identify products of greatest concern to public health and 
those aspects of their processing/handling that impact most on risk. Thus, there is a 
clear overlap with, and support for, the HACCP motifs. While risk assessment in 
general, and QMRA in particular, can enhance HACCP by aiding in the identifi ca-
tion of “design” CCPs, detailed considerations of specifi c facilities or locations are 
not a part of risk assessments that have a more general basis. 

 QMRAs are very data demanding, and, for  Giardia , obtaining the data necessary 
to develop a robust QMRA is challenging. However, by reviewing the available 
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published data and assessing it critically, it is possible to identify the gaps that must 
be fi lled before the QMRA can be conducted. Data can be acquired from different 
sources by retrieving from publications, expert elicitations, performing studies or 
developing models. More recently developed QMRAs tend to be stochastic in 
nature, with single values replaced by probability distributions that better refl ect the 
uncertainty associated with inputs and derived parameters. It is obvious that the 
more relevant and accurate the data fed into a QMRA, the lower the uncertainty in 
risk estimates, and thus the more valuable the guidance for decision-making. 
Documentation and transparency are also key factors. Microbial risk assessment, 
particularly with application to risk from drinking water, fi rst became widespread 
around 20 years ago, and QMRA is a commonly used tool in the water industry, 
with reference to  Giardia  as well as other pathogens. Within the water industry, 
QMRA is considered to be essential in the construction of Water Safety Plans (e.g. 
Smeets et al.  2010 ), to the extent that user-friendly online tools have been developed 
for water industries. In such tools, if the necessary data is loaded by an operator, 
who needs to have no special experience in QMRA-modelling, then a risk outcome 
associated with a particular pathogen, including  Giardia , for consumption of drink-
ing water from a particular source is obtained (Schijven et al.  2011 ). Such tools have 
not been widely implemented for irrigation water, although the principle would be 
the same, and one of the few published quantitative risk assessments considering 
protozoan parasites attempts to estimate the number of people that would be affected 
by fresh produce irrigated with water contaminated with protozoan parasites, 
including  Giardia  (Mota et al.  2009 ). In this study input into the QMRA included 
the following:

•    The number of  Giardia  cysts per 100 l of irrigation water, with 58 surface water 
samples collected from widely dispersed points in one of the largest horticultural 
production areas of Mexico, and including samples taken from rivers, irrigation 
channels and drainage channels

 –    Results ranged from 17 to 1,633 cysts per 100 l with a geometric mean of 
82.34 cysts per 100 l     

•   The recovery effi ciency of the detection method

 –    12 %     

•   The volume of irrigation water estimated to be retained on fresh produce

 –    This varied according to produce type and was estimated to be 0.0036 ml/g 
for tomatoes, bell peppers and cucumbers, and 0.108 ml/g for lettuce (based 
on data from Shuval et al.  1997 )     

•   The daily consumption of the different produce types by an adult in the USA

 –    This varied according to produce type and was estimated to be 13.0 g (toma-
toes); 4.3 g (bell peppers); 3.3 g (cucumbers); and 6.2 g (lettuce) (based on 
information from an online food consumption database run by the US 
Department of Agriculture)       
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 For the purposes of the QMRA, a worst-case scenario was assumed, with 100 % 
transfer of the  Giardia  cysts from the irrigation water to the produce, and all the 
cysts being infectious to humans. Use of a “worst-case scenario” in such risk assess-
ments, assuming, for example, raw consumption of produce, or overhead irrigation, 
is not unusual, particularly when data are limited (Hamilton et al.  2006 ). From this 
input, the estimated annual risks of infection (assuming 120 days exposure per year) 
with the  Giardia  cysts on the produce were found to range from 5.2 × 10 −5 , associ-
ated with bell peppers contaminated via irrigation water with the lowest concentra-
tion of  Giardia  cysts (17 cysts per 100 l), up to as high as 1.96 × 10 −1 , associated 
with lettuce contaminated via irrigation water with the highest concentration of 
 Giardia  cysts (1,633 cysts per 100 l) (Mota et al.  2009 ). 

 Despite limitations within a process such as this, it provides data that are useful 
for considering appropriate mitigation strategies/intervention practices or guide-
lines for pathogen reduction requirements. Other QMRAs have looked at specifi c 
processes, for example use of wastewater or sewage sludge, including for fertilising 
vegetable crops, and the potential for spread of pathogens, including  Giardia  
(Westrell et al.  2004 ). 

 In a review of foodborne illness associated with  Cryptosporidium  and  Giardia  
from livestock, Budu-Amoako et al. ( 2011 ) listed a range of interventions and miti-
gation strategies to reduce the contamination of fresh produce. These include on- 
farm interventions (GAP) to minimise infection in animals and further transmission 
of infection, watershed interventions to reduce contamination of water sources from 
parasites excreted from infected animals and food processing plant interventions to 
prevent food contamination, and with emphasis on the application of HACCP. 
Although the authors are concerned with prevention of contamination of the envi-
ronment, particularly water sources, they apparently do not consider mixed farms, 
where animals and food crops may both be raised, and it is important that suffi cient 
barriers are kept between the two types of agricultural commodities, both spatially 
and temporally, such that transfer from animals to plants via equipment or human 
transfer is minimised by ensuring that specifi c interventions (such as use of protec-
tive clothing or dedicated equipment) are instigated and followed.      
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                       Although we continually acquire more information and improved technologies that 
can be used to combat foodborne transmission of giardiasis, new challenges are 
being posed by a changing globe. Improved refrigeration for transport of fresh pro-
duce means that we now import or export our food as never before, producing com-
plicated trade routes, more handling and greater possibilities for contamination, as 
well as potential diffi culties for trace-back should contamination events occur. 
While improved food traceability systems have the potential to be used for some 
produce (e.g. radio-frequency identifi cation—Kumar et al.  2009 ), the application of 
such technologies for third countries and small-scale producers is challenging and 
implementation will probably be driven by cost–benefi t as well as consumer demand. 
Globalisation applies not only to food products, but also to the people who handle 
food along the farm-to-fork continuum and to the people who consume products—
travel and tourism continue to fl ourish despite global economic downturns—and 
seasonal tasks such as crop picking may involve the use of an itinerant workforce. 

 Additionally, cultural changes and habits always seek to amaze us. In Japan, 
where ownership of pets is often forbidden in some apartments, animal cafés where 
clients can pet the animals before eating and drinking have become popular. The 
fi rst cat café opened in Osaka in 2004, and apparently there are over 35 in Tokyo, 
and rabbit cafés, run on the same lines, are also popular. While there are strict rules 
to ensure hygiene and animal welfare, a study from 16 cat cafés in Tokyo reported 
Six Giardia-positive samples from 2 cat cafés belonging to the zoonotic genotype 
assemblage AI (Suzuki et al.  2011 ), and the authors suggest that, in association with 
eating and drinking, there is a risk of transmission from cats to humans.

Climate change is also a future challenge that may impact on contamination of 
fresh produce with Giardia cysts. Extreme weather events are known to result in 
overfl ow of sewage and the contamination of agricultural fi elds with faecal matter 
from both humans and animals.       
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                    Although  Giardia  is generally considered as a parasitic infection of relatively minor 
severity, associated with low mortality and morbidity, clinical giardiasis neverthe-
less is also associated with prolonged and unpleasant symptoms, which may, in very 
rare cases, result in, or contribute to, death. In association with other insults to 
health, especially concomitant infections or compromised nutritional status, its 
effects may be particularly severe. Giardiasis may thus be considered a “neglected 
disease”, both in countries with less advanced infrastructures but also in the most 
wealthy countries in the world; it should not be forgotten that a large outbreak of 
waterborne giardiasis made a considerable impact in Bergen, Norway, less than 10 
years ago. The reason, in part, for the extensiveness of this outbreak was the lack of 
consideration by the medical and other authorities that giardiasis could be an 
autochthonous infection. Although  Giardia  is known as a pathogen that is transmit-
ted via the faecal-oral route, it is seldom particularly associated with food as an 
infection vehicle. This is probably because there are relatively few outbreaks of 
giardiasis for which a food vehicle has been positively identifi ed. Nevertheless, the 
potential for foodborne infection is evident; the transmission stage is resilient to 
environmental pressures, the infectious dose is low and  Giardia  cysts are excreted 
in enormous quantities by infected hosts. Thus, probably the reason that infections 
are seldom recognised as foodborne is not because foodborne transmission does not 
occur, but because clinical, diagnostic and epidemiological barriers hamper the ease 
of making the correct associations; the symptoms start several days after the impli-
cated food has been eaten, the clinician may fail to make the correct diagnosis and 
the resultant gap of days—maybe weeks or even months—between consumption of 
contaminated food and diagnosis of giardiasis frustrates epidemiological investiga-
tion. Thus foodborne giardiasis probably occurs considerably more often than 
would be expected by direct extrapolation from the literature. 

 How food becomes contaminated, which food products are most likely to be 
contaminated and how  Giardia  cysts that have contaminated food can be removed 
and/or inactivated are all questions about which the data are relatively limited. 
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Nevertheless, some surveys have been conducted and these indicate that fresh pro-
duce (in particular), shellfi sh and beverages (to a lesser extent) and possibly meat 
can act as potential food vehicles for transmission. These data have been the driving 
forces for developing a standardised method for examination of food (especially 
fresh produce—leafy greens and small red fruits) for contamination with  Giardia  
cysts, and an ISO Method, based on elution, concentration, isolation and detection, 
is under development (registered in the ISO/TC34/SC9 work programme with the 
number ISO 18744). The use of molecular methods to determine whether  Giardia  
cysts are of a genotype that is of public health signifi cance can be added onto the 
method subsequently. While the information obtained using such methods is valu-
able for increasing our understanding of foodborne transmission of giardiasis, there 
are also obvious gaps in our knowledge. These include not only our understanding 
of the pathogenicity of  Giardia —why do infections in some people cause little or 
no symptoms, while in others giardiasis can be a prolonged and unpleasant ill-
ness?—but also we require better methods for evaluating  Giardia  cyst viability and 
infectivity and thereby developing appropriate methods for removal or inactivation 
of  Giardia  cysts along the farm-to-fork continuum. In the absence of effective 
 methods for this, the rigorous use of HACCP and risk analysis in order to reduce 
contamination and optimise appropriate interventions that will minimise transmis-
sion risk are very important.   
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