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Reclaimed wastewater: preventing protozoa on plant foods
Risk assessment of transmission of Cryptosporidium spp., Giardia duodenalis and Toxoplasma gondii to humans
BfR Opinion No 021/2022 issued 27 July 2022
Climatic changes are increasing the pressure on water resources in Germany and Europe. To
counteract this pressure, uniform minimum requirements for the use of reclaimed wastewater
for agricultural irrigation have been set at European level. They are designed to ensure human
and animal health and environmental protection when reusing treated wastewater. Various
methods are available for wastewater treatment.
Besides pathogenic bacteria and viruses, protozoa can also be present in reclaimed
wastewater. Protozoa are single-celled parasites that can cause illness in humans. Against
this background, the German Federal Institute for Risk Assessment (BfR) has evaluated scientific literature on the health risk of using reclaimed wastewater for the irrigation of plants used
as food with regard to selected protozoa.
The following protozoa were considered: Cryptosporidium spp., Giardia (G.) duodenalis and
Toxoplasma (T.) gondii. Infections with cryptosporidia and giardia can be asymptomatic or
mild, but can also cause gastrointestinal diseases. Besides diarrhoea, abdominal pain or
cramps, nausea and vomiting occur. Depending on age and previous illnesses, the severity of
the symptoms can vary, and severe illnesses are possible. Infections with toxoplasma are
asymptomatic in the majority of people with an intact immune system. However, in people affected by HIV/AIDS, transplants and chemotherapy, inflammation of the brain and lungs can
occur, which is sometimes fatal. If an initial infection with Toxoplasma occurs during pregnancy, this can lead to severe malformations of the unborn child and miscarriages.
Data available on infections with Cryptosporidium spp., G. duodenalis and T. gondii resulting
from consumption of plant foods is currently very limited. A conclusive risk characterisation for
the use of reclaimed wastewater for plant irrigation intended for consumption with regard to the
protozoa mentioned is therefore only possible to a limited extent. However, available data
show that the pathogens are robust to common means and procedures for decontamination,
which are also used in wastewater treatment. This indicates that they are present in reclaimed
wastewater and can get onto plants through irrigation. There they show a high environmental
stability. It can be assumed that the protozoa described are infectious on plant foods for a long
time and can cause diseases after eating them raw. Only small infectious doses are sufficient
for this. In contrast, infected persons excrete very large quantities of Cryptosporidium spp. and
G. duodenalis in their stool, which in turn suggests the possibility of sewage contamination. T.
gondii can enter municipal wastewater via cat faeces in the environment, disposal via the toilet
or through the cleaning of objects and plant foods.
Even if the current data situation is still limited, the BfR recommends, in the interests of consumer health protection, only using irrigation water of a quality comparable to drinking water
for watering plants that are usually consumed raw. In this case, it can be assumed that the
pathogenic protozoa in it have been reduced as best as possible. The protozoa described are
sensitive to heat. Therefore, in the case of plants that are not consumed raw, adverse health
effects are not to be expected from irrigation with reclaimed wastewater, as long as they are
sufficiently heated before consumption.
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BfR risk profile: Infection with Cryptosporidium spp. , Giardia duodenalis and Toxoplasma gondii after consumption of raw fruit and vegetables irrigated with reclaimed wastewater
(Opinion [number/2022])

A

Affected persons

B

Likelihood of impairment
to health from consumption of raw fruit and vegetables irrigated with reclaimed wastewater

General population, pregnant women,
immunocompromised persons, chronically ill,
small children

Practically impossible

Unlikely

Mild
impairment
[reversible]
(only general population)

Severity of impairment to
health from consumption
of raw fruit and vegetables
irrigated with reclaimed
wastewater

No
impairment
(only general population)

D

Validity of available data

High:
The most important data are
available and are internally consistent

E

Controllability by the consumer

C

Controls not
needed

Possible

Probable

Moderate
impairment
[reversible]
(only pregnant
women,
immunocompromised
persons, chronically ill,
small children)

Medium:
Some important data are
missing or contradictory

Controllable with precautionary measures

Certain

Severe
impairment
[irreversible]
(only pregnant
women,
immunocompromised
persons, chronically ill,
small children)

Low:
A large volume of important data
are missing or inconsistent

Controllable
by avoidance

Not controllable

Explanations
The risk profiles are intended to visualise the risk outlined in the Opinion. The profile is not intended to be used to compare risks. The risk
profiles should be read only in conjunction with the Opinion .
[1] Line B – Likelihood of impairment to health
The probability of an adverse health effect is influenced, among other things, by the quantity of pathogens present in the irrigation water, the type of
plants irrigated and the irrigation technique. The BfR expects this probability to increase if plants whose parts growing close to or in the ground are
intended for raw consumption are irrigated with reclaimed wastewater in Germany.
[2] Line C - Severity of impairment to health
The severity of the impairment can vary depending on the immune status, age and previous illnesses. With regard to cryptosporidia, persons with a
severely weakened immune system, especially HIV-infected persons, as well as cancer and transplant patients are particularly at risk. Complications
and even death can also occur in these risk groups. With regard to Giardia, the symptoms in young children and immunocompromised persons are
usually longer lasting and can have a more severe course, although severe chronic courses are also possible. Deaths are rare, but can occur in
infants and the elderly. With regard to toxoplasmas, immunocompromised persons (such as those due to HIV/AIDS, chemotherapy or after transplantation) may develop severe clinical manifestations, which are sometimes fatal. If an initial infection with toxoplasma occurs during pregnancy, this
can lead to severe malformations of the unborn child and even miscarriages.
[3] Line D - Validity of available data
Insufficient data and the lack of routine detection methods for protozoa in reclaimed wastewater make a conclusive risk assessment of the use of
reclaimed wastewater for the irrigation of fruit and vegetables with regard to human pathogenic protozoa difficult.
[4] Line E - Controllability by the consumer
Because of the low infectious dose, consumers have no means of controlling the risk apart from heating fruit and vegetables completely before consumption. It is therefore all the more important that no human pathogenic protozoa are present in the irrigation water used for plant foods that are
consumed raw.
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1

Subject of the assessment

Regulation (EU) 2020/741 on minimum requirements for water reuse entered into force on 26
June 2020 and will become applicable on 26 June 2023. Very little experience exists in Germany on agricultural irrigation with reclaimed wastewater. Safe use of reclaimed wastewater in
agricultural irrigation requires, among other things, that no adverse health effects on consumers are to be expected. Therefore, the BfR has assessed the health risk of using reclaimed
wastewater for the purpose of irrigating plants to be used as food or feed. The focus of this
statement is on pathogenic protozoa (human pathogenic parasites) that may be associated
with reclaimed wastewater in Germany. The following protozoa are considered: Cryptosporidium spp, Giardia duodenalis and Toxoplasma gondii. It is estimated and, where possible, assessed whether these pathogens can get onto the plants to be irrigated via reclaimed
wastewater in concentrations that are of concern to consumers. It was further examined
whether, in terms of consumer protection, restrictions on the use of reclaimed wastewater, additional validation parameters for wastewater treatment or additional controls of the reclaimed
wastewater with regard to hazards from human pathogenic protozoa are necessary.
2

Results

After evaluating the available data, reports and publications on the occurrence of human pathogenic protozoa in concentrations of concern in reclaimed wastewater, the BfR concludes that
a risk assessment for the use of this irrigation water for plants is not conclusively possible due
to a current lack of data. In general, there is a need for research on the topic. Results and recommendations for action are based on known properties of the pathogens and published studies which, however, do not specifically refer to reclaimed or processed wastewater or whose
validity must be checked or at least verified due to small sample sizes.
The pathogens considered here are stable single-celled parasites that are widespread in the
environment and can get on food via various pathways. Thus, the safety of the irrigation water
used can only contribute in part to minimising the risk. However, the data currently available
show that contamination of all known irrigation waters is possible. The probability of occurrence of the protozoa under consideration in wastewater is to be regarded as higher due to the
development cycle of cryptosporidia and giardia in particular, and due to the natural infection
occurrence of these pathogens in humans and animals. Therefore, the possible burden of protozoa in wastewater is to be assessed as higher compared to drinking water. Furthermore, the
described stabilities of the protozoa considered here in relation to common decontamination
agents and decontamination procedures, which are also used in the treatment and processing
of wastewater, indicate that human pathogenic protozoa can occur in processed wastewater
and that the pathogens can get onto plants through irrigation. They are then characterised
there again by a high environmental stability. Cryptosporidia show a very high resistance.
They are therefore also suitable as reference pathogens for the evaluation of reclaimed
wastewater with regard to the presence of human pathogenic protozoa and possibly, because
of their stability, also as principal indicators of microbial quality. However, a suitable method
would first have to be developed and standardised for this purpose. A standardised method is
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ISO 15553 "Water Quality - Isolation and Identification of Cryptosporidium oocysts and Giardia
cysts from Water", which, however, is only suitable as a filter method for water with few solid
or suspended particles (e.g. drinking water, water from swimming pools).
Furthermore, the protozoa described are characterised by low infectious doses, which have
been reported as low as one oocyst or cyst. Furthermore, when comparing the different irrigation systems, the BfR concludes that contamination is possible with each of the irrigation methods considered.
In the interests of consumer health protection, BfR therefore recommends that only irrigation
water of a quality comparable to that of drinking water be used for plants intended for raw consumption, because it can be assumed that the concentration of human pathogenic protozoa in
it has been reduced as far as possible. The World Health Organization (WHO) Guidance on
Potable Reuse recommends a reduction of 8.5 log 10 levels of enteric protozoa (Cryptosporidium) as a default performance target for safe treatment of wastewater for use as drinking water
(WHO, 2017). Even if this is not a direct benchmark for the concrete validation of wastewater
treatment plants, this WHO recommendation nevertheless indicates that very high requirements are necessary to reduce human pathogenic protozoa in the reclaimed wastewater as far
as possible.
Furthermore, there is a risk of infection not only through raw consumption of such irrigated produce, but also through contact with contaminated reclaimed wastewater via the irrigation systems and with remaining reclaimed wastewater on surfaces, such as the plant parts, and subsequent droplet / smear infection.
The protozoa assessed are also characterised by high host tropism and are also capable of
causing mild to severe disease in livestock.
However, the protozoa described are heat sensitive. Safe destruction of the pathogens is
guaranteed when food is heated to a product temperature of at least 70 °C for a period of 2
minutes. It follows that in the case of plants that are not consumed raw, adverse health effects
are not to be expected from irrigation with reclaimed wastewater as long as it can be ensured
that sufficient heating of the food is carried out before consumption.
In the case of irrigation with reclaimed wastewater, adverse health effects with regard to human pathogenic protozoa are not to be expected also if it can be ensured that the edible parts
of a plant do not come into contact with the irrigation water. Indirect transmission of the human
pathogenic protozoa considered here, e.g. uptake via roots into the fruits, can be ruled out according to the current state of knowledge due to the size and life cycles of the pathogens.
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3

Rationale

3.1

Risk assessment

3.1.1

Hazard identification

3.1.1.1

Cryptosporidium spp.

Classification (taxonomy)
Cryptosporidia are a genus of unicellular parasites belonging to the Apicomplexa. So far, more
than 40 different species have been described, of which at least 20 have been associated with
human infections. Of particular importance are the species Cryptosporidium (C.) parvum and
C. hominis, which are thought to be responsible for the largest proportion of human infections
(O'Leary et al., 2021). This assessment will therefore only deal with C. hominis and C. parvum.
Resilience (tenacity) in the environment
Due to their stable oocyst wall, cryptosporidia are characterised by great resistance to many
chemical disinfectants, such as those based on potassium bichromate, glutaraldehydes or
peracetic acid. According to the disinfectants listed with the German Veterinary Medical Society, unicellular parasites are reliably killed by agents that use chloro-cresols as a base (DVG,
2021).
Studies demonstrate the infectivity of oocysts in the environment for months. However, the
survival of oocysts is dependent on numerous environmental factors that influence both their
degradation and infectivity (Hamilton et al., 2018).
Diagnostics
Currently, the best standardised method is DIN EN ISO 18744 for the detection of Cryptosporidium and Giardia on leafy vegetables and berries. However, this method is expensive, labourintensive and not suitable for use in high-throughput laboratories, which is why the method is
implemented only hesitantly in both official and commercial laboratories.
Furthermore, a large number of different sensitive methods for antigen detection and typing
have been described, which, however, are often not sufficiently validated and have not been
standardised. What all these methods have in common is that they cannot determine the infectivity of the oocysts found.
Another issue is that concentrations of Cryptosporidium oocysts in drinking water, surface water and wastewater samples can be very low. Lengthy procedures must be carried out to process the large volume of water sample (100 l scale) for the concentration of protozoa (Connell
et al., 2001).
Indicator for assessing the presence of protozoa in drinking water
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The World Health Organisation has classified cryptosporidia as an indicator for assessing
drinking water quality (WHO, 2008). This is because 1) the oocysts have a marked resistance
to chemical disinfection (including chlorine) and environmental conditions, 2) the pathogens
are difficult to remove from drinking water without expensive and lengthy filtration due to their
small size (4-6µm), 3) they have a low infectious dose (10-1000 oocysts depending on the
species), 4) they are widespread in water bodies due to their widespread distribution in livestock and their high-level excretion, and 5) they are infectious after excretion (excretion), without prior maturation (WHO, 2008).
3.1.1.2

Giardia duodenalis

Taxonomy
The pathogens causing the disease Giardiasis belong to the species Giardia (G.) duodenalis
(synonym: G. lamblia, G. intestinalis). They are flagellated, unicellular intestinal parasites of
the genus Giardia within the order Diplomonadina.
Based on morphological differences, the genus Giardia is currently divided into a total of eight
species (Ryan et al., 2019). Giardia are distributed worldwide and have a very broad host
range. They have been found in humans as well as in numerous domestic and wild anim als
(Feng and Xiao, 2011a; Bechlars et al., 2014; Heyworth, 2016). However, the only species
that can infect humans, in addition to numerous mammalian species, and is thus a zoonotic
agent, is G. duodenalis (Feng and Xiao, 2011b). This species is divided into assemblages A-H
based on genotypic differences, with mainly assemblages A and B considered to be human
pathogens (Plutzer et al., 2010; Leung et al., 2019). There are also isolated reports of human
diseases caused by assemblages C, D and F (Ryan et al., 2019).
The pathogen is divided into two stages: "cysts" and "trophozoites". Cysts represent the infectious form of the pathogen. They are immobile, environmentally resistant stages that have a
solid wall, contain four nuclei and have an oval shape 8-12 µm long. Trophozoites represent
the vegetative and at the same time disease-associated form of the parasite. They have four
pairs of flagella, two cell nuclei, a so-called adhesive disc and have a pear-like shape.
Tenacity in the environment
Giardia cysts have a very high stability against environmental influences (Utaaker et al., 2017).
Studies have shown that cysts can remain infectious for months in cool, moist areas (Feng
and Xiao, 2011b).
Cysts are insensitive to disinfectants at concentrations commonly used in sewage treatment
plants to reduce bacterial contamination (Caccio et al., 2003). Adeyemo et al. (2019) found
that Giardia cysts were responsive to chlorination and UV treatment, with Giardia cysts showing lower resistance than Cryptosporidium oocysts (Adeyemo et al., 2019). At a chlorine concentration of 2 ppm, viable cysts were no longer detectable after an exposure time of 30
minutes. Also, according to this study, a 60-minute low-dose treatment with UV-C rays (20.8
mJ/cm 2) killed all the cysts.
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Stability of Giardia in water
Within the framework of a project on river hygiene, in which point measurements and analyses
were carried out in German flowing waters, only low concentrations of Giardia cysts could be
detected so far, so that Giardia did not appear as a dominant pathogen here (UBA, 2020).
However, depending on the catchment area, higher concentrations of Giardia cysts could also
be detected. In addition, it was proven that cysts survive in the sediment for a long time and
can enter the water phase when stirred up.
The stability of cysts in water is temperature-dependent and increased at cooler temperatures.
Studies summarised in a review by Erickson and Ortega (2006) showed that cysts in tap water
at a temperature of 0-4 °C can be infectious for a period of 56 days, while at temperatures of
20-28 °C the cysts were infectious for up to 14 days. This temperature dependence is also evident in water from freshwater lakes. Here, infectious cysts were detected at a water temperature of 0-4 °C for 56 days and at a temperature of 17-20 °C for 28 days. In river water, viable
cysts were even detected for up to 84 days at 0-4 °C, and up to 28 days at a water temperature of 20-28 °C. In seawater, Giardia cysts can survive for more than 65 days at 4 °C (Erickson and Ortega, 2006).
Stability of Giardia in the soil
Studies described in a review by Erickson and Ortega (2006) were able to show that the infectivity of cysts in soil is also temperature-dependent. Thus, after 49 days, the number of infectious cysts was reduced by only 11 % at a temperature of 4 °C, while at a temperature of 25
°C no infectious cysts could be detected after only seven days.
Stability of Giardia on plant foods
Although various studies have investigated the survival of these parasites in water and other
environmental matrices, data on the stability of Giardia cysts on food is currently very sparse.
Whether the cysts found on food actually remain infectious long enough to cause disease in
humans has not yet been adequately investigated (Buret et al., 2020).
In a study by Utaaker et al. (2017), the parameters of temperature and humidity were considered to be the critical factors for the survival of Giardia cysts, especially in relation to fresh
foods such as salads and raw vegetables. It has been demonstrated that Giardia cysts can
survive very well on salads in a moist and cool environment (refrigerator temperature). However, when lettuces were stored in a closed container at room temperature, almost 50 % of the
cysts died within the first 24 h. The cysts were found to be very resistant to the treatment.
When stored in an open container at room temperature in a closed room, no more infectious
Giardia cysts were detectable after 20 hours. Therefore, the authors of the study concluded
that under the common storage conditions in the production plant, in trade or in private households, Giardia cysts probably cannot survive for longer periods on salads. However, this study
did not include packaged products such as "ready-to-eat" salads, which are stored in a cool
place in the trade in Germany, for example. Hence, if cold storage does occur, Giardia cysts
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may remain viable for longer and pose a risk to consumers if the contaminated food is consumed (Utaaker et al., 2017).
Diagnostics
DIN EN ISO 18744:2016 specifies a method applicable for the detection and enumeration of
Cryptosporidium oocysts and Giardia cysts on or in food, but this method does not allowdetermination of the viability or infectivity of Cryptosporidium oocysts and Giardia cysts that may be
present. Furthermore, this labour-intensive method is associated with high cost and is therefore not widely used to date. Alternatively, other methods are available for detection of Giardia
cysts on food. Various elution procedures and detection methods based on immunofluorescence (Robertson and Gjerde, 2001; Amoros et al., 2010; Bechlars et al., 2014; Utaaker et al.,
2017), rapid staining (e.g. iodine staining (Alemu et al., 2019)) and molecular biology (Utaaker
et al., 2017) have been used in numerous studies on the presence of G. duodenalis in fresh
produce worldwide.
3.1.1.3

Toxoplasma gondii

Taxonomy
Toxoplasma (T.) gondii is a unicellular obligate intracellular parasite classified within the phylum Apicomplexa in the subclass Coccidia and the family Sarcocystidae. T. gondii is the only
species of the genus Toxoplasma1 .
In Europe and North America, the population structure is clonal and the majority of T. gondii
isolates can be assigned to three genotypes (types I, II, III), all of which are infectious for humans (Howe and Sibley, 1995). The majority of infections in humans and animals in Europe
are attributed to genotype II and to a lesser extent to genotype III (Schlüter et al., 2014; Galal
et al., 2019).
T. gondii oocysts have a larger diameter than Cryptosporidium oocysts. Unsporulated T. gondii
oocysts have a spherical to globular shape with a size of 10x12 µm, while sporulated oocysts
have a spherical to elliptical shape with a size of 11x13 µm (Dubey et al., 1998).
Tenacity in the environment
Oocysts sporulate in the outside world after a few days and represent a highly resistant permanent form that can survive frost and remain viable and infectious in soil for up to 18 months
(Frenkel et al., 1975). Studies on survival at different temperatures showed that sporulated oocysts remained infectious for at least 28 days when stored at -20 °C, for at least 200 days at
10-25 °C, for at least 13 months at 0 °C and even for at least 54 months at 4 °C. However,

1

http://taxonomicon.taxonomy.nl/TaxonTree.aspx?id=1309&src=0
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they became infectious at 60 °C within 18 months but were killed within one minute at 60 °C
(Dubey, 1998).
Sporulated oocysts also have a high tolerance to strong acids, detergents, disinfectants, sodium hypochlorite, chlorine, potassium dichromate and chloramine and are not reliably killed
by common wastewater treatment and treatment processes, such as chlorination, ozone treatment and treatment with UV-C rays (Dumètre and Dardé, 2003; Wainwright et al., 2007a;
Wainwright et al., 2007b; Dumetre et al., 2008; Jones and Dubey, 2010; Bahia-Oliveira et al.,
2017; Shapiro et al., 2019).
Sporulated oocysts remained infectious after exposure times of up to 12 min to 6 mg/L ozone
(Ct 69.96 mg x min/L) and up to 24 h to 100 mg/L chlorine or 5.25 % sodium hypochlorite
(Wainwright et al., 2007b).
Treatment with UV-C rays has a killing effect against oocysts, but cannot reliably inactivate
large amounts of oocysts. In studies by Wainwright et al. (2007), a killing effect of 40 mJ/cm 2
pulsed and 45 mJ/cm2 continuous treatment with UV-C rays could be demonstrated, but isolated oocysts remained infectious even after high doses of up to 755 mJ/cm 2 (Wainwright et
al., 2007a). Similarly, UV-C irradiation at 40 mJ/cm 2 reduced infectivity by 4.5 log steps but did
not completely kill large numbers of oocysts (Dumetre et al., 2008). Ware et al. (2010) showed
in animal experiments a reduction in infectivity by 1, 3 and 3.58 log steps when treated with
UV-C rays at 4 mJ/cm2, 10 mJ/cm2 and ≥15 mJ/cm2, respectively; at high initial numbers of
>5000 oocysts, individual animals were nevertheless infected (Ware et al., 2010).
Diagnostics
No standardised or official methods are available for the detection of T. gondii oocysts in water, soil or plant foods. Various approaches and methods for detection in these matrices are
described in the literature, but have not been sufficiently validated. The few studies in which
validation experiments were carried out are not comparable due to the diversity of the techniques used in the individual steps. The review articles by Slana et al. (2021), Dumètre and
Darde (2003), VanWormer et al. (2013) and Bahia-Oliveira (2017) provide an overview.
In principle, concentrations of oocysts in soil and water can be very low, so the recovery rate
can be increased by examining larger sample volumes. When examining water, the oocysts
are usually concentrated in a first step, e.g. by filtration (capsule, ultra, membrane filtration),
flocculation, flotation or centrifugation (Shapiro et al., 2019). For detection in soil or plant
foods, the oocysts are first detached from the sample using a suitable wash buffer and then
concentrated from the wash buffer using one of the methods mentioned above (Slana et al.,
2021). No commercially available monoclonal antibodies are available for immunomagnetic
separation, similar to the detection methods for cryptosporidia and giardia. The concentrated
sample can be examined microscopically for the presence of oocysts, but no differentiation
from morphologically similar parasites (such as the genera Hammondia, Besnoitia and Neospora) is possible. Molecular biological methods are available for unequivocal identification
(e.g. qPCR, nested PCR). When using a molecular biological detection method, an internal
amplification control should be used, as residues of soil or organic material can often lead to
PCR inhibition (Slana et al., 2021).
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In the literature, LAMP (loop-mediated isothermal amplification) has often been used to detect
T. gondii. This is a very sensitive method, which, however, entails a high probability of crosscontamination (e.g. of the controls or between the samples). In addition, in the case of positive
reactions, no sequencing of the amplified products can be carried out for confirmation, which
can lead to a lower specificity compared to PCR or qPCR.
Alternatively, the concentrated sample can be examined in a bioassay (e.g. cat, mouse, pig)
for the detection and assessment of infectivity, but this is very time-, labour- and cost-intensive
and should be avoided for ethical reasons. As an outlook and alternative to animal testing,
techniques such as reverse-transcription qPCR, live staining with propidium iodide or the use
of propidium monoazide in combination with qPCR could possibly be used to detect infectious
oocysts (Travaillé et al., 2016; Kim et al., 2021).
Within the currently running EJP project TOXOSOURCES2 (H2020 One Health European Joint
Programme), a method for the detection of T. gondii in ready-to-eat green leaf lettuce was developed and established in ten European countries. The method, which was additionally validated in an EU-wide ring trial, represents an initial basis for the development of a standardised
method.
3.1.2

Hazard characterisation

3.1.2.3

Cryptosporidium spp.

Development cycle / transmission to humans
Transmission occurs via ingestion of oocysts, which are the infectious form of cryptosporidia.
These contain four sporozoites, which split off in the small intestine due to the influence of
pancreatic enzymes, bile salts and temperature and adhere to the surface of the microvilli of
the intestinal epithelial cells. After passing through several developmental stages, very strong
reproduction occurs, producing both male microgamonts and female macrogamonts. Subsequently, fusion of the two occurs, resulting in the emergence of two different types of oocysts.
While the thin-walled ones (approx. 20 %) are only surrounded by one membrane, remain in
the intestine and can lead to re-infection, the thick-walled ones (approx. 80 %) are excreted
with the faeces. Approximately 5-21 days after oral ingestion, the thick-walled oocysts begin to
be excreted in the stool/faeces, and up to 100 million oocysts can be shed per excretion. The
oocysts are infectious upon excretion and thus allow direct and immediate faecal-oral transmission. Recent findings show that cryptosporidia are not exclusively obligate intracellular parasites that only reproduce within a host, but also have extracellular stages, whose significance
for the life cycle, however, has not yet been clarified (RKI, 2004).

2

https://onehealthejp.eu/jrp-toxosources/
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Cryptosporidia are ubiquitous and, as they are not host-specific, can infect a large number of
different animal species. While C. hominis occurs almost exclusively in humans, cattle, horses,
goats and sheep, but also dogs, cats and birds are considered hosts for C. parvum (Bouzid et
al., 2013).
Direct and indirect routes of transmission of Cryptosporidium have been described. Direct
transmission is via the faecal-oral route from infected hosts, including animal-to-animal, animal-to-human (zoonotic), human-to-animal (anthropozoonotic) and human-to-human (anthroponotic) transmissions (Davies and Chalmers, 2009).
Indirect transmission occurs through contact with faecal contaminated material and objects.
Cryptosporidiosis is one of the most common intestinal diseases associated with contaminated
water, e.g. from swimming pools or water sources that have not been previously heated or insufficiently filtered, such as river, lake or spring water. Further sources of danger result from
irrigation of foodstuffs such as salads, vegetables and fruits with potentially contaminated water. These are often consumed raw, so pathogens are not killed (RKI, 2004; Bouzid et al.,
2013).
Description of the disease in humans
The infectious dose for cryptosporidia is low, ranging from 10 to 1000 oocysts, depending on
the species (RKI, 2004). Although the lowest infectious dose for C. hominis has been calculated to be 10 oocysts, it is considered that one oocyst could be sufficient to cause infection in
humans by direct or indirect routes (Hamilton et al., 2018).
The incubation period is between one and 14 days. Infection can be asymptomatic or symptomatic. The latter is characterised by prolonged watery diarrhoea, which can lead to dehydration and severe weight loss. Other symptoms may include severe abdominal pain or cramps,
nausea, vomiting and headache (Carter et al., 2020). Symptoms usually last one to two
weeks, but can persist for up to four weeks (RKI, 2004).
People at increased risk of infection include, above all, small children between one and two
years of age, travellers to developing countries and those who drink untreated water. Particularly at risk are people with severely weakened immune systems, especially those infected
with HIV, as well as cancer and transplant patients. In addition, there is an increased risk of
infection in people who have more contact with the risk groups described and infected animals. In immunocompetent persons, the infection is self-limiting. However, infectious oocysts
are still excreted many weeks after the symptoms have subsided. In the risk groups described,
complications and even death can occur after infection. Extra-intestinal manifestations can occur, especially in AIDS patients and possibly in patients with generally severe immunosuppression. Frequently, the bile duct system is involved; more rarely, an infection can also lead to inflammation of the pancreas (pancreatitis), the appendix (appendicitis), the ears (otitis) or
infestation of the lungs with respiratory symptoms (RKI, 2004; Bouzid et al., 2013).
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Therapy
An effective therapy for cryptosporidiosis is currently not available. Often, only the symptoms
are treated, in the form of administration of fluids and electrolytes. In AIDS patients, intensified
antiviral therapies are carried out to strengthen the immune system (RKI, 2004).
Geographical and seasonal features
Data from the ECDC (European Centre for Disease Prevention and Control) show that cryptosporidiosis in Europe has a seasonal increase in late spring and late summer to early autumn (Caccio and Chalmers, 2016). In studies, spring cases have more often been attributed
to C. parvum and are probably the result of increased exposure to oocysts shed by young animals, as this coincides with the calving and lambing seasons (McLauchlin et al., 2000). On the
other hand, the late summer-early autumn peak has been attributed mainly to C. hominis and
is probably associated with increased travel and exposure to recreational waters (Davies and
Chalmers, 2009).
Looking at the annual distribution of reported cases of the disease in Germany, pronounced
seasonal fluctuations can also be seen here, with a maximum of cases in the second half of
the year (end of July to mid-November) (RKI, 2004).
Occurrence in Europe and Germany
In EU/EEA countries, 8000-14000 cases are reported annually, and the incidence in different
countries varies between 0.01 and 12 cases/100,000 population (ECDC, 2019).
In Germany, since the introduction of the Infection Protection Act (2001), there has been an
obligation to report direct or indirect detection of cryptosporidia as soon as it indicates an acute
infection. Current reporting figures are accessible via SurvStat@RKI3 . According to the Robert
Koch Institute (RKI), between approx. 900 and 2,000 cases are reported annually in Germany
alone (incidence approx. 2 cases per 100,000 inhabitants). However, the number of undetected cases is probably much higher, as a laboratory diagnostic examination is only initiated if
there is a concrete suspicion of cryptosporidiosis and no harmonised methods for detection
are available. Caccio and Chalmers (2016) assume a hundredfold higher annual incidence in
Germany.
In 2013, a major outbreak was reported in Halle (167 confirmed cases), which was attributed
to pollution of a floodplain after a heavy rain event (Gertler et al., 2015).
Outbreaks caused by the consumption of water or plant foods
Cryptosporidia and other protozoa can get into food during preparation and processing, but
also in the field through infected animals or flooding events. Disease outbreaks are repeatedly

3

www.rki.de/survstat
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registered; for a detailed description, we refer to Caccio and Chalmers (2016). Table 1 shows
selected outbreaks in Europe, exclusively caused by the consumption of plant food or water.
Table 1: Examples of cryptosporidia outbreaks via plant food and drinking water
Assumed number of cases

Country

Year

Breakout cause

Species

Reference

Finland

2012

Frisée salad

C. parvum

England and
Scotland

2012

Ready salad mix C. parvum

Sweden

2011

Drinking water

C. hominis

∼20.000

Rehn et al.,
2015

Sweden

2010

Drinking water

C. hominis

∼27.000

Rehn et al.,
2015

England

2008

Drinking water

C. cuniculus

>250

Åberg et al.,
2016

N/D

McKerr et al.,
2015

422

Puleston et al.,
2014

N/D = no data

3.1.2.2

Giardia duodenalis

Development cycle / transmission to humans
Giardia have a direct life cycle. Infection of the host takes place via oral ingestion of cysts
through contaminated water, direct faecal-oral contact or, less frequently, with food. After contact with the acidic environment of the stomach, the cysts excyst in the proximal small intestine. During this process, two motile, vegetative growth forms, the trophozoites, are released
from each cyst. After release, the trophozoites reproduce asexually by binary longitudinal division and attach themselves to the enterocytes of the small intestine. However, they do not
penetrate the intestinal epithelium. In the presence of bile in combination with an alkaline environment in the jejunum (empty intestine), so-called encystation occurs; i.e. some trophozoites
are remodelled into cysts again (Adam, 2001). Both cysts and trophozoites are excreted in the
stool, the latter not surviving in the environment outside the body (Burnett, 2018). Cysts are
excreted in large numbers in the stool/faeces of the host (Feng and Xiao, 2011b; Utaaker et
al., 2017). An infected human can excrete 1-10 billion cysts daily (Burnett, 2018). Once the
cysts are excreted, they are infectious. Oral ingestion of cysts by the host completes the development and infection cycle.
The species Giardia duadenalis is ubiquitously distributed and humans are considered the
main reservoir. However, cats, dogs, beavers, cattle and a variety of other animal species can
also be a source of infection for humans. Humans become infected through oral ingestion of
contaminated tap water or untreated fresh water from lakes or streams. However, giardiasis
can also be transmitted through the consumption of contaminated food, close contact with infected people/animals or sexual contact (Burnett, 2018). The risk of infection increases among
travellers in developing countries, where the infection is common and inadequate hygiene
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standards favour it. It is estimated that up to one third of people living in developing countries
have been infected with Giardia at least once (Burnett, 2018).
Description of the disease in humans
For Giardia, it is assumed that an amount of less than 10 cysts is sufficient for an infection
(Rendtorff, 1954). More recent infection models confirm this and suggest that the oral ingestion of one cyst is sufficient for infection (Caccio, 2004).
Giardiasis is one of the most common intestinal parasitoses in humans worldwide, with an estimated 200 million people infected (Certad et al., 2017). Prevalence rates range between 2 and
7 % in developed countries and between 20 and 30 % in developing countries (Dixon, 2021).
Infants and young children, the elderly, travellers and immunocompromised persons are
among the high-risk groups, with children generally showing symptomatic infections more frequently than adults (Leung et al., 2019).
The colonisation of the epithelial cells leads to functional disorders and can also cause inflammation. After an incubation period of one to three weeks (Kucik et al., 2004; Dawson, 2005),
first symptoms appear, which usually subside after two to four weeks (Lebwohl et al., 2003).
Depending on various factors, such as patient age, previous exposure, parasite load and virulence, immune status and nutritional status of the affected person, different symptoms of the
disease occur. Typical symptoms include acute, usually mild and self-limiting diarrhoea, with
initially often copious and watery stools that become greasy and foul-smelling as the disease
progresses (Naz et al., 2018). Other symptoms described include malaise, loss of appetite,
nausea, vomiting, flatulence, fatigue, asthenia, abdominal pain or cramps, and even weight
loss (Adam, 2001; Pietrzak et al., 2005; Naz et al., 2018). Less common symptoms include
mild fever, chills and headache (Leung et al., 2019).
Even if the infection is asymptomatic in about 50-75% of infected persons (Lebwohl et al.,
2003), asymptomatic persons can excrete cysts for several months or even longer (Pickering
et al., 1984; Lopez-Romero et al., 2015). Re-infections are also possible. In general, repeated
infections lead to milder symptoms (Kohli et al., 2008; Halliez and Buret, 2013; Bechlars et al.,
2014). In young children and immunocompromised persons, the symptoms are usually longerlasting and can have a more severe course (LoGalbo et al., 1982; Halliez and Buret, 2013;
Bechlars et al., 2014). Severe chronic courses are also possible here. Deaths are rare, but can
occur in infants and the elderly (Rumsey and Waseem, 2021).
Only a few studies are available on hospitalisation in cases of the disease. As the disease is
usually mild, there is currently little data on hospitalisation, especially in developed countries.
According to the European Food Safety Authority (EFSA), the hospitalisation rate in outbreak
cases was 0.9 % in 2019 (EFSA, 2021, EU One Health Zoonoses Report 2019). In another
study, which recorded children hospitalised with diarrhoeal disease in Greece, Giardia was
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found to be the cause of illness in only one out of 294 children, corresponding to a hospitalisation rate of 0.5 % (Kafetzis et al., 2001). In contrast, a Polish study for 2017 describes a hospitalisation rate of 24.5 % (Kitowska et al., 2019).
Therapy
As a rule, giardiasis can be treated well. In addition to symptomatic treatment of fluid loss, nitroimidazole preparations such as metronidazole, tinidazole or nitazoxanide are available for
treatment, with metronidazole being the drug of choice. However, monotherapy approaches
with nitroimidazole preparations can lead to therapy failure due to resistance, so that a combination therapy becomes necessary. Here, the combination of nitroimidazole preparations together with paromomycin or with albendazole or with mepacrine/quinacrine is considered effective. However, well-designed, randomised and controlled trials are still lacking and an
optimal combination therapy has not yet been established (Escobedo et al., 2016; Carter et al.,
2018).
Occurrence in Europe and Germany
According to the Infection Protection Act (IfSG) § 7, direct or indirect detection of the pathogen
is reportable in Germany. In 2018, a total of 4,283 confirmed cases of the disease were reported to the RKI, in 2019 a total of 4,154 cases, in 2020 a total of 2,408 cases, in 2021 a total
of 1,854 cases and in 2022 by the beginning of July 1,033 cases so far (SurvStat@RKI 2.0,
https://survstat.rki.de, as of 04.07.2022). Nationally, the infection is mostly associated with
travel abroad. In 2019, for example, 3,296 travel-associated cases were reported to the RKI.
The most frequently mentioned country of infection was India (222 mentions, 18 %), followed
by Spain, Colombia, Egypt, Italy and Turkey. The frequency of imported cases showed a clear
seasonal pattern with a marked peak in January and two smaller peaks in April and October
(RKI, 2020).
Outbreaks caused by the consumption of water or plant foods
Giardiasis is monitored in the whole population in most EU/EEA countries and is one of the
most common reported food- and waterborne parasitic diseases. In 2020 alone, 6,249 cases
of the disease were reported in the EU, including 1,661 in Germany4 . However, an estimated
number of unreported cases must be expected, especially in Eastern Europe. A quarter of the
EU Member States have no surveillance systems for giardiasis and do not report any cases
(ECDC, 2019).
Despite its public health significance, epidemiological data on foodborne illness caused by G.
duodenalis are currently lacking. It is estimated that the pathogen causes 28.2 million cases of
diarrhoeal disease per year worldwide due to food contamination (Ryan et al., 2019).

4

http://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27&HealthTopic=20
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So far, very few foodborne outbreaks caused by Giardia have been documented, as surveillance systems in many countries are inadequate and, in addition, the available detection methods are not standardised (Ryan et al., 2019). Data on foodborne outbreaks in Germany are not
yet available.
EFSA has documented 14 foodborne outbreaks caused by Giardia in Europe in 2019, five
fewer than in 2018. However, the report does not address the specific food causing the outbreak. Three other outbreaks were due to the consumption of water, table water and "well water" respectively. In 2019, a total of 233 people fell ill, with 199 people falling ill in connection
with an outbreak in Italy alone (EFSA, 2021, EU One Health Zoonoses Report 2019).
As investigations of food-associated outbreaks between 1971 and 2011 in the USA showed,
fresh plant products, especially those consumed raw, are a source of infection for humans
(Adam et al., 2016). However, in the few food-associated outbreaks described, it is not clear
whether the contamination already occurred in the field, during harvesting or during preparation. Irrigation with wastewater containing cysts has been identified as a possible cause of
food contamination in this context (Chalmers et al., 2020). Waterborne transmission is a very
significant route of infection and outbreaks with large numbers of ill people have been documented worldwide (Nygard et al., 2006; Guzman-Herrador et al., 2015).
The following table gives examples of some of the documented Giardia outbreaks via plant
foods and drinking water:
Table 2: Examples of Giardia outbreaks via plant food and drinking water
Country

Year

Source of infection

USA

2016

mixed green salad

25

USA

2005

Fresh fruit and vegetables

50

USA
Norway

1986
2004

9
1300

Italy

20182019

Fruit salad
contaminated
drinking water
Presumably contaminated drinking
water

3.1.2.3

Confirmed
Cases of illness

Reference

238

CDC NORS
(described in (Ryan et al., 2019)
https://www.cdc.gov/foodborneoutbreaks/
Default.aspx)
New York State Dept of Health
(Ryan et al., 2019)
https://www.health.ny.gov/statistics/diseases/
foodborne/outbreaks/2005/docs/report.pdf)
(Porter et al., 1990)
(Nygard et al., 2006)
(Resi et al., 2021)

Toxoplasma gondii

Development cycle / transmission to humans
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Due to its wide distribution and diverse infection routes, T. gondii is considered one of the
most important parasitic zoonotic pathogens worldwide. The parasite is capable of infecting
almost all warm-blooded vertebrates, including birds, with only cats and other felids serving as
definitive hosts (Tenter et al., 2000).
The development cycle of T. gondii is divided into a sexual and an asexual reproduction
phase. Three different developmental stages can be distinguished (oocysts, tachyzoites, bradyzoites), all of which are infectious for both the intermediate and the final host. Transmission of
the parasite is not only possible between intermediate and final hosts, but can also occur between two different intermediate or final hosts (Tenter et al., 2000).
Sexual reproduction of the parasite occurs exclusively in the intestinal epithelium of the final
host, during which several million oocysts are produced and excreted in the faeces (Dubey
and Frenkel, 1972). In the environment, depending on the prevailing conditions, sporulation of
the oocysts occurs within 1-21 days (11-25 °C), which only attain their infectivity through this
maturation process (Dubey et al., 1970). Through oral ingestion of sporulated oocysts from the
environment, new final or intermediate hosts can become infected. In this process, the oocyst
wall is lysed during the gastrointestinal passage, releasing contained sporozoites. After infection of the intestinal epithelium, there is a strong asexual multiplication and spread of the pathogen in the body in the form of rapidly dividing tachyzoites. With onset of the immune response, this acute stage changes into a chronic phase of infection. During this phase, the
division rate of the tachyzoites slows down and they differentiate into bradyzoites, hundreds of
which persist in the host, protected within tissue cysts in various organs and the musculature,
for years or even for life (Robert-Gangneux and Darde, 2012). Consumption of raw meat containing tissue cysts eventually leads to infection of the final host or other intermediate hosts.
The bradyzoites are released during the gastrointestinal passage, infect the intestinal epithelium and a new asexual (intermediate host) or sexual (final host) reproduction phase is initiated.
Due to the wide distribution and host range, all infected warm-blooded farm, slaughter and wild
animals can generally be considered as reservoirs. The most important horizontal transmission routes for humans are: 1) oral ingestion of infectious tissue cysts through consumption of
raw or inadequately heated meat or inadequately heated meat products made from such meat,
2) oral ingestion of sporulated oocysts from the environment via smear infections (e.g. through
direct contact with cat faeces or soil contaminated with them) or through consumption of contaminated plant foods and water. In the case of an initial infection during pregnancy, the pathogen can also be transmitted vertically (tachyzoites) to the unborn child (Tenter et al., 2000).
Description of the disease in humans
With an estimated infection rate of 30 %, toxoplasmosis is one of the most common parasitic
zoonotic diseases in humans worldwide.
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In immunocompetent individuals, 80-90 % of postnatally acquired infections are asymptomatic
and therefore go undetected. In 10-20 % of cases, mild non-specific flu-like symptoms with fever, headache, muscle pain, sore throat, fatigue and lymph node swelling (predominantly in
the head and neck area, less frequently generalised) may occur in the acute phase of infection
(Hill and Dubey, 2002; Robert-Gangneux and Darde, 2012; RKI, 2018). First clinical symptoms
occur 10-14 days after infection (EFSA, 2007). Inflammation of the retina and choroid of the
eye (ocular toxoplasmosis) with visual disturbances and even blindness can also occur in immunocompetent children and adults. Severe diseases, such as inflammation of the heart muscle, lungs, brain and liver, have already been described in immunocompetent individuals, but
occur very rarely (EFSA, 2007; Schlüter et al., 2014). There are indications that particularly severe diseases are associated with highly virulent atypical genotypes (EFSA, 2007; Schlüter et
al., 2014).
Immunocompromised individuals (e.g. due to HIV/AIDS, chemotherapy or after transplantation) can often develop severe clinical manifestations, usually due to reactivation of latent infections, which can sometimes be fatal. The most frequent manifestation is inflammation of the
brain, but pneumonia can also occur. In addition, ocular toxoplasmosis and the disseminated
form of toxoplasmosis can occur with the involvement of various organs (EFSA, 2007; RKI,
2018). Without prophylactic therapy, 47 % of AIDS patients chronically infected with T. gondii
may reactivate and develop encephalitis (Zangerle et al., 1991).
If an initial (first time) infection occurs during pregnancy, the pathogen can be transmitted
transplacentally to the unborn child (prenatal or congenital infection) and lead to severe physical and neurological malformations, such as inflammation of the retina and choroid of the eye,
hydrocephalus and cerebral calcifications, and even miscarriage (Mylonas et al., 2013). In up
to 20 % of cases, the pathogen is transmitted to the foetus (Li et al., 2014). However, only 27
% of infected newborns show specific symptoms (Dunn et al., 1999). However, late damage
may not manifest itself until several years after childbirth, mainly affecting the eyes, the central
nervous system and the hearing (Tenter and Fehlhaber, 2002).
In animal studies, infection with Toxoplasma oocysts resulted in more severe disease compared to infection with tissue cysts (Dubey, 2021). Although discussed more frequently in the
literature (Hill and Dubey, 2002; VanWormer et al., 2013), this has not yet been clearly demonstrated in human infections (Meireles et al., 2015; Dubey, 2021).
Nothing is known about the minimum infective dose in humans (EFSA, 2007). In experimentally infected pigs, an infective dose of 1-10 oocysts was determined. After administration of
one oocyst, tachyzoites could already be detected in 60 % (17/28) of the experimentally infected pigs; after administration of 10 oocysts, this was possible in 92 % (13/14) of the animals
(Dubey et al., 1996). A large drinking water-associated outbreak with 176 cases in Brazil, in
which presumably relatively few oocysts introduced by cats contaminated millions of litres of
drinking water, also suggests a low infectious dose in humans (de Moura et al., 2006; Dubey,
2021).
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Therapy
The treatment of toxoplasmosis differs depending on the type of disease. For example, active
toxoplasma infections in immunosuppressed patients or ocular toxoplasmosis are treated.
Treatment is also recommended in the case of an innitial infection during pregnancy, and infected newborns are also treated. Various drugs are available for treatment, such as spiramycin, pyrimethamine, sulphadiazine, clindamycin and, if necessary, atovaquone. The aim of
treatment is to interrupt protein biosynthesis and folic acid synthesis of toxoplasma. It should
be noted, that the drug effect is limited to Toxoplasma tachyzoites, whereas the drugs are almost ineffective against Toxoplasma bradyzoites (RKI, 2018).
Occurrence in Europe and Germany
Direct or indirect detection of T. gondii in connatal infections of humans is notifyable according
to the Infection Protection Act (RKI, 2018). Between 2002 and 2021, 6-23 cases of connatal
toxoplasmosis were reported directly to the RKI each year (Fig. 1). However, this is assumed
to be a severe under-reporting, as there is no routine screening of pregnant women in Germany and usually only those cases clinically or serologically conspicuous at the time of birth
are reported (RKI, 2018). In Saxony, there is also an obligation to report postnatally acquired
toxoplasmosis. Here, 51-127 cases of postnatal toxoplasmosis were reported directly to the
RKI every year between 2002 and 2021 (Fig. 1).
In 2016, a nationwide representative study conducted for the first time by the RKI determined
a seroprevalence of 55 % in the entire adult German population (Wilking et al., 2016). The seroprevalence rose from 20 % in the age group of young adults (18-29 years) to 76.8 % among
senior citizens (70-79 years). Higher seroprevalence rates were detected in the population in
eastern Germany than in western Germany, which could be due to the increased consumption
of raw minced pork in the east (Wilking et al., 2016). From the seroprevalences determined, an
incidence of postnatally acquired infections of 1,099 per 100,000 inhabitants was estimated.
Furthermore, it was calculated on the basis of these data that 74.1 % of all pregnancies in
Germany are at risk and that a first infection occurs in approx. 6,400 pregnancies per year.
This could lead to approx. 1,300 prenatal infections and 345 newborns with apparitional clinical symptoms every year (Wilking et al., 2016).
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Figure 1: Number of cases of connatal toxoplasmosis in Germany not reported by name to the RKI since
2002 and reported cases of postnatal toxoplasmosis in Saxony (source: Robert Koch Institute:
SurvStat@RKI 2.0, https://survstat.rki.de, query date: 09.11.2021).

Oocysts-associated toxoplasmosis outbreaks:
In Germany, no outbreaks caused by T. gondii have been described so far. In Europe, only
one oocyst-associated outbreak has been reported so far among 171 schoolchildren in Turkey, where transmission via soil/dust and its contamination by stray cats is suspected
(Doganci et al., 2006).
An overview of T. gondii-associated outbreaks worldwide is provided by two systematic reviews from 2015 (n=38) and 2019 (n=34) (Meireles et al., 2015; Pinto-Ferreira et al., 2019)
and a recent review from 2021 (Dubey, 2021). In this review, 44-52% of the T. gondii associated outbreaks analysed and occurring worldwide between the years 1965 and 2013 were attributed to oocysts, water contaminated with oocysts in 20-21%, contaminated soil/sand in 1826% (10/38) and contaminated raw vegetables in 3-6% of outbreaks identified as sources of
infection (Meireles et al., 2015; Pinto-Ferreira et al., 2019). In most outbreaks, the source of
infection (matrix as well as parasite stage) was determined by epidemiological correlations and
has rarely been established by direct detection of T. gondii (de Moura et al., 2006).
Compared to tissue cyst-associated outbreaks, in which usually only smaller groups/clusters
are affected, higher numbers of cases occur in oocyst-associated outbreaks, especially in contaminated drinking water (Meireles et al., 2015; Pinto-Ferreira et al., 2019).
In the first water-associated outbreak in Panama (1979), 31 soldiers contracted toxoplasmosis
from drinking river water treated with iodine tablets, a type of treatment generally thought to be
effective in killing bacteria and G. lamblia (Benenson et al., 1982; Dubey, 2021). Several drinking water-associated outbreaks, e.g. in Canada and Brazil with 100 and 178 cases respectively, have demonstrated access of T. gondii positive cats to drinking water supplies or the immediate environment (Bowie et al., 1997; de Moura et al., 2006). In the largest outbreak
described so far, with 248 cases of ocular toxoplasmosis in India, no source of infection could
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be identified. However, due to the geographical clustering of cases in the city of Coimbatore
and its suburbs, contamination of municipal drinking water is also assumed (Balasundaram et
al., 2010).
Table 3: Selected oocyst-associated toxoplasmosis outbreaks
Country

Year

Breakout cause

Panama

1979

Iodised river water

Canada

1995

Brazil

Assumed number of cases

Symptomatic
cases

Reference

31

91 %

(Benenson et
al., 1982)

municipal drinking water

100

82 %

(Bowie et al.,
1997)

2001

municipal drinking water

176

88 %

(de Moura et al.,
2006)

Turkey

2002

Earth/Dust
(School)

171

100 %

(Doganci et al.,
2006)

India

2004

unclear; possibly
municipal drinking water

248

100 %

(Balasundaram
et al., 2010)

Brazil

2009

Lettuce (Escarole)

11

72 %

(Ekman et al.,
2012)

Brazil

2013

Juice
(Açai berries)

73

100 % (Morais et al.,
2016)

The BfR identified only two publications on oocyst-associated outbreaks via plant-based food,
but these lack precise information on the origin of the oocyst contamination. In Brazil, there
was an outbreak among 11 employees of an industrial plant in 1993, in which lettuce (escarole) was identified as the probable source of infection (Ekman et al., 2012). Another outbreak
in Brazil with 73 confirmed cases was caused by juice from açai berries (Morais et al., 2016).
3.1.3

Exposure estimation and assessment

3.1.3.3

Cryptosporidium spp.

Raw and waste water
Overall, Cryptosporidium spp. have been widely detected in raw water and wastewater samples; for an extensive list of worldwide studies, please refer to Kerry et al. (Hamilton et al.,
2018). Only studies from Germany are discussed here.
The study by Karanis et al. (1998) was conducted to assess the prevalence of Cryptosporidium spp. in German water supplies and the efficiency of surface water treatment plants to remove Cryptosporidium spp. by conventional treatment. Water samples from six surface water
treatment plants in different parts of Germany were analysed for the presence of the pathogens. Giardia spp. or Cryptosporidium spp. or both were found in 76.2 % of the raw water
sources examined. The average number of Cryptosporidium oocysts detected was 116 per
100 litres (max. 1081/100 L). In the intermediate clarification steps (including flocculation and
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several filtration steps), Giardia spp. or Cryptosporidium spp. or both were found in 33.3 %
(50/150) of the samples. 29.8 % (14/47) of the drinking water samples were positive for Cryptosporidium spp. (max. 20.8/100 L).
Another German study evaluated the occurrence of Cryptosporidium spp. in sewage samples
and removal efficiency (Ajonina et al., 2012). Treated wastewater and untreated influent sewage samples were collected seasonally over a two-year period. Oocysts were repeatedly detected in influent and effluent samples from the sewage treatment plant with a mean concentration of 782 oocysts per litre (50-1280).
In another study in the Rhine basin, 64 (31.1 %) of 206 sewage samples were positive for
Cryptosporidium oocysts, with up to 1745 oocysts found per litre (Gallas-Lindemann et al.,
2013b).
Vegetable food
Few studies are available on the occurrence of cryptosporidia on plant foods.
In the study by Rzezutka et al. (2010), various samples of fresh vegetables and soft fruits were
taken at farmers' markets in the Lublin region of Poland between 2006 and 2007; C. parvum
oocysts were detected in six of 128 vegetable samples (range 1-47 oocysts), but in none of
the 35 fruit samples.
In a similar study in Norway between August 1999 and January 2001, 19 out of 475 fruit and
vegetable samples were positive for Cryptosporidium spp. Detections were found in five lettuce samples (26 %) and 14 (74 %) mung bean sprout samples, with detected oocyst concentrations averaging about three oocysts per 100 g of produce (Robertson and Gjerde, 2001).
In Greece, a total of 72 fruit and vegetable samples from supermarkets and open markets
were also examined. Cryptosporidium oocysts were detectable in two out of 72 (2.8%) samples (Sakkas et al., 2020).
In Italy, Cryptosporidium spp. were detected in 0.9 % of 648 samples when testing ready-toeat salads, which are intended for immediate consumption without prior washing (Caradonna
et al., 2017).
In a small study, Cryptosporidium spp. or Giardia spp. were detected in 12 (10) of 19 Spanish
salad products tested (Amoros et al., 2010).
3.1.3.2

Giardia duodenalis

Raw and waste water
Overall, there are several studies worldwide looking at Giardia in surface water and
wastewater (for details of these studies, see review by Hamilton et al., 2018).
Page 22 from 41

German Federal Institute for Risk Assessment

www.bfr.bund.de/en

Here, two European studies (Germany, Italy) and one study from Brazil will be discussed as
examples, which deal with reduction of pathogens through treatment of wastewater. Karanis et
al. (1998) sampled six surface water treatment plants in Germany over a period of slightly
more than two years. One aim of the study was to record the spread of Giardia in the water
supply and the efficiency of pathogen elimination by conventional treatment. Giardia spp. or
Cryptosporidium spp. or both pathogen species were found in 76.2 % of the raw water sources
investigated. On average, 88.2 Giardia cysts were detected per 100 litres of water (max.
1314/100 L). Although a reduction of the pathogens was achieved in the subsequent treatment
steps, complete elimination could not be achieved. Thus, after the intermediate clarification
steps (including flocculation and several filtration steps), Giardia spp. or Cryptosporidium spp.
or both pathogen species were found in 33.3 % (50/150) of the samples. Giardia cysts were
detected in 14.9 % (7/47) of the drinking water samples (max. 16.8/100 L). A combination of
slow sand filtration, infiltration, disinfection, sand and activated carbon filtration was found to
be the most effective water treatment technology to achieve effective pathogen reduction (Karanis et al., 1998).
In a study conducted in Italy in four wastewater treatment plants at each stage of the treatment
process over a period of one year, Giardia cysts could be detected in the influents of all
wastewater treatment plants throughout the year. On average, the number of cysts ranged
from 2.1 to 4.2 per litre. In all wastewater treatment plants, the highest number of cysts was
detected in autumn and winter. After all wastewater treatment steps, an elimination of cysts
between 87 % and 98.4 % was achieved, depending on the type of treatment (Caccio et al.,
2003).
In another study by a Brazilian working group, Giardia cysts were detected in 35.8 % of the
samples tested (n=53) in the examination of reclaimed wastewater from two wastewater treatment plants. The number of cysts ranged from < 0.03 to 16 cysts per litre (Razzolini et al.,
2020).
Vegetable food
In a survey of the global prevalence of human pathogens on fresh produce in production/packaging facilities, Giardia had the highest mean prevalence among the parasites studied (Van
Pelt et al., 2018). Contamination of vegetables and fruits with Giardia cysts has been reported
in many countries, and the mean prevalence is estimated at 4.8% (276/5739; 95% CI: 4.25.4%) (Li et al., 2020).
In different studies conducted in several European countries, G. duodenalis cysts were detected on fresh plant foods with varying prevalence: Norway: 2.1 % (Robertson and Gjerde,
2001), Turkey: 20 % (Erdogˇrul and Şener, 2005), Spain: 52.6 % (Amoros et al., 2010), Italy:
0.6 % (Caradonna et al., 2017).
According to the Food and Agriculture Organisation of the United Nations (FAO, 2011), approximately 70 % of water consumption worldwide is attributed to the agricultural sector. Water
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used for irrigation or food washing can be contaminated with Giardia cysts through contamination with animal or human faeces, thus contaminating food with the pathogen (Budu-Amoako
et al., 2011).
For example, in investigations carried out as part of a Norwegian study by Robertson and
Gjerde (2001) on parasite infestation of various fruits and vegetables, Giardia cysts were detected in 10 of 475 samples. The affected foods were dill and lettuce (2 positive samples
each), mung bean sprouts (3 positive samples), radish sprouts (one positive sample) and
strawberries (2 positive samples). The pathogen concentrations detected here were low and
averaged 3.3 cysts per 100 g of fruit and vegetables. Giardia cysts were also detected in water
used for irrigation of fields and production of bean sprouts in Norway in this study (Robertson
and Gjerde, 2001).
Amoros et al. (2010) were also able to detect cysts in both the food and water samples in a
study in Spain on lettuce and the irrigation water used. Here, Giardia cysts were detected in
52.6 % of the food samples and in 100 % of the water samples. In the water samples, an average of 40 cysts per litre of water was detected (Amoros et al., 2010).
3.1.3.3

Toxoplasma gondii

Occurrence of Toxoplasma gondii oocysts in water:
T. gondii oocysts originate exclusively in the intestinal epithelium of cats and other felids
(Dubey and Frenkel, 1972) and only enter the environment via their faeces, where they are
further spread via soil, air and water and can thus also get on plant foods. They are released
from soil and faeces by rainwater and thus also enter irrigation systems, rivers, lakes, seawater and sewage systems. However, since they are not excreted via human faeces, unlike
Cryptosporidium oocysts and Giardia cysts, comparatively lower concentrations of T gondii oocysts are to be expected in wastewater. Nevertheless, they can enter urban and industrial
wastewater, e.g. through the disposal of cat faeces via the toilet or through cleaning of objects
and plant foods (Bahia-Oliveira et al., 2017).
The BfR identified only two studies from Germany on the occurrence of T. gondii oocysts in
water. In a smaller study by Ajonina et al. (2018), wastewater from a wastewater treatment
plant in Hamburg was analysed for the presence of T. gondii DNA before (n=16) and after
treatment (n=9) over a period of eight months. T. gondii could not be detected in any of the 25
samples, but the number of samples is too small to make a reliable statement (Ajonina et al.,
2018). In a somewhat more extensive study by Gallas-Lindemann et al. (2013a), wastewater
was sampled over a period of nine months within eight wastewater treatment plants along the
Rhine in North Rhine-Westphalia. T. gondii was detectable in 8.9 % (4/45) of the samples before and in 10.5 % (4/38) of the samples after wastewater treatment, whereby an entry of oocysts after wastewater treatment by access of cats could not be excluded. In contrast, no T.
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gondii could be detected in the tap water (n=1), raw water (n=1), groundwater (n=4) and surface water (n=6) samples taken, but here, too, the low sample numbers do not allow a valid
statement (Gallas-Lindemann et al., 2013a).
In other European studies, T. gondii was detected in 43 % of wastewater samples in Bulgaria
(Sotiriadou and Karanis, 2008), but not in wastewater studies from France and Italy (Moulin et
al., 2010; Marangi et al., 2015). In addition, T. gondii has also been detected in surface,
ground and tap water as well as in rivers and lakes in Europe and worldwide (Sotiriadou and
Karanis, 2008; Bahia-Oliveira et al., 2017).
Occurrence of Toxoplasma gondii oocysts on plant foods:
In Germany, no studies have yet been carried out on the occurrence of T. gondii oocysts in
samples of plant foods. Therefore there is a considerable need for research. In Europe, only
five studies have been published so far, the results of which can be seen in Table 4. The majority of the studies show prevalences between 5 and 20 %. By far the highest prevalences
were observed in Spain and Portugal on berries and various vegetables, although in this study
only a few samples with above-average sample sizes of several hundred grams were examined (Marques et al., 2020). This implies that pathogen transmission through consumption of
plant foods must also be considered. Especially vegetables or fruits grown close to the ground
could be more contaminated with oocysts through soil contact, such as root vegetables, salads
or strawberries. However, oocysts can also get onto plant foods by use of contaminated water
for irrigation and further treatment.
Table 4: Occurrence of Toxoplasma gondii on plant foods in Europe
Country

Year

Matrix

Czech Republic

N/D

Cucumbers

Czech Republic

N/D

Czech Republic

N/D

Prevalence

Reference

11,9 % (13/109)

(Slany et al., 2019)

Carrots

7,5 % (7/93)

(Slany et al., 2019)

Lettuce (lettuce, iceberg lettuce, little
gem, lollo lettuce)

8,9 % (8/90)

(Slany et al., 2019)

Poland

2006-2008

Strawberries

0 % (0/60)

(Lass et al., 2012)

Poland

2006-2008

Radish

5 % (3/60)

(Lass et al., 2012)

Poland

2006-2008

Carrots

19,5 % (9/46)

(Lass et al., 2012)

Poland

2006-2008

Salad

18 % (9/50)

(Lass et al., 2012)

2015-2016

RTE mixed salads
(curly and escarole
lettuce, radishes,
carrots, rocket)

2018-2019

Vegetables (bulk,
RTE, packaged
products: Lettuce,
carrots, parsley, water cress, coriander,
RTE mixed salads,
rocket)

Italy

Spain,
Portugal

0.8 % or 6.9 % (5/72
pool samples from a (Caradonna et al.,
total of 648 individ- 2017)
ual samples)

42,9 % (12/28)

(Marques et al.,
2020)
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Country
Spain,
Portugal
Switzerland

Year

Matrix
2018-2019

2019

Prevalence

Reference

Berries (strawberries, raspberries,
blueberries)

42,9 % (3/7)

(Marques et al.,
2020)

Salad

6 % (6/100)

(Guggisberg et al.,
2020)

N/D.: no data

A comprehensive review article on the occurrence and diagnostics of T. gondii oocysts in soil,
water, plant foods and bivalve molluscs was published within the EJP project TOXOSOURCES (López-Ureña et al., 2022) In addition, a multicentre study on the occurrence of
T. gondii oocysts in ready-to-eat green lettuce was conducted in ten European countries.
3.1.3.4

Consumption of fresh fruit and vegetables in Germany

Fresh fruit and vegetables are an important component of a healthy diet. These foods are
therefore regularly consumed in significant quantities by almost all consumer groups in Germany. An estimate of the consumption of fresh fruit and vegetables in Germany can be found
in a statement published by the BfR in 2020 (BfR statement no. 021/2020 of 21 April 2020:
"Reclaimed waste water: Avoid bacterial pathogens on fresh fruit and vegetables").
3.1.4

Risk characterisation

3.1.4.2

Possibilities and limits of risk characterisation

Due to the currently very limited data available on documented disease outbreaks in which the
infections were demonstrably caused by the consumption of plant foods, a conclusive risk
characterisation on the use of reclaimed wastewater for the irrigation of plants intended for
consumption is only possible to a limited extent with regard to the protozoa Cryptosporidium
spp., G. duodenalis and T. gondii. The data on the prevalence and stability of cryptosporidia,
giardia and toxoplasma on fresh fruit and vegetables listed in the present statement also do
not allow for a valid statement on the matter. Nevertheless, they show that these protozoa are
present on such foods in Europe. Concrete data for Germany are currently not available in this
regard. The different detection rates on plant foods determined in the European studies may
be due to the use of different detection methods.
All protozoa assessed here show high stability in the environment. It is true that the data on
stability on fresh fruit and vegetables is currently insufficient. However, it can be assumed that
the protozoa described here are infectious on plant foods over a longer period of time and can
cause diseases after their raw consumption. The ingestion of a very small number of oocysts/cysts is sufficient for this. In contrast, however, infected individuals excrete very large
quantities of Cryptosporidium oocysts and Giardia cysts in their stool/faeces, which implies the
possibility of sewage contamination.
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Plant foodstuffs can be demonstrably contaminated with Cryptosporidium oocysts or Giardia
cysts through irrigation water. The occurrence in municipal wastewater depends on the infection status of the population or livestock in the catchment area of wastewater production. As
already described in chapter 3.1.1, all protozoa discussed here show moderate to good resistance to disinfection measures and disinfectants in the doses or concentrations commonly
used for wastewater treatment. Although a reduction can be achieved through treatment of
wastewater during the various processing steps according to current knowledge, complete
elimination is not possible.
T. gondii oocysts originate exclusively in the intestinal epithelium of cats and other felids
(Dubey and Frenkel, 1972) and only enter the environment via their faeces, where they are
further spread via soil, air and water and can thus also get on plant foods. They are dissolved
from soil and faeces by rainwater and thus also enter water ditches, rivers, lakes, seawater
and sewage systems. However, since they do not occur in human faeces, unlike Cryptosporidium oocysts and Giardia cysts, comparatively lower concentrations of T. gondii oocysts are expected in wastewater. Nevertheless, they can enter municipal wastewater, e.g. by disposing of
cat faeces in the toilet or by cleaning objects and plant foods.
In view of the evidence provided so far of the protozoa considered here in wastewater and
their high stability and environmental resistance, there is a high probability of cont amination of
plant foodstuffs after they have been irrigated with reclaimed wastewater, depending on the
treatment and irrigation methods used. It is possible that there will be an increase in cases of
cryptosporidiosis, giardiasis or toxoplasmosis in Germany if the reclaimed wastewater gets directly onto plant parts to be eaten raw or if protozoa are transferred to these plant parts with
contaminated soil particles. However, by heating the food sufficiently (at least two minutes at
70 °C on all parts of the product), the protozoa considered here can be killed.
A complete removal of these pathogens is unlikely even in drinking water, as the disease outbreaks described here due to contaminated drinking water show. It can be assumed, however,
that due to the described life and infection cycles of these pathogens alone, there are higher
concentrations in wastewater than in drinking water. It must be examined to what extent further treatment can effectively reduce these pathogens.
3.1.4.2

Risk characterisation based on conceivable scenarios

For the protozoa mentioned in this assessment opinion, the data situation in different areas is
currently insufficient for a conclusive risk characterisation. Therefore, further risk characterisation for different irrigation systems is based on a scenario in which it is assumed that toxoplasma, giardia and cryptosporidia are not completely eliminated or inactivated by wastewater
treatment.
3.1.4.2.1 Subsurface drip irrigation
It is possible that infectious human pathogenic protozoa such as toxoplasma, giardia and cryptosporidia get into the ground itself as well as plant parts growing in the ground with the reclaimed wastewater and remain infectious there for longer periods of time. Contamination of
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above-ground growing plant parts is possible, especially by transfer from contaminated areas
to the edible plant parts. This can happen, for example, during harvesting. Uptake of the pathogens via the root system of the plant however is unlikely.
In this scenario, the probability of contamination of plant parts intended for consumption growing in the ground is to be assessed as high. The probability of contamination of plant parts
growing above the ground, on the other hand, is to be assessed as lower.
3.1.4.2.2 Drip irrigation
It is possible that infectious human pathogenic protozoa such as toxoplasma, giardia and cryptosporidia get into the ground itself as well as plant parts growing in the ground with the reclaimed wastewater and remain infectious there for longer periods of time. Furthermore, contamination of plant parts growing above the ground is possible if plant parts close to the
ground come into direct contact with reclaimed wastewater or pathogen-contaminated soil particles get onto the plant.
In this scenario, the probability of contamination of plant parts intended for consumption growing in the ground is to be assessed as high. The probability of contamination of plant parts
growing above the ground is to be assessed as moderate due to the possibility of contaminated soil particles being transferred, for example during harvesting, to edible plant parts.
3.1.4.2.3 Furrow irrigation
It is possible that infectious human pathogenic protozoa such as toxoplasma, giardia and cryptosporidia get into the ground itself as well as plant parts growing in the ground with the reclaimed wastewater and remain infectious there for longer periods of time. Contamination of
plant parts growing in the ground must be assumed. Contamination of plant parts growing
above the ground with protozoa is also possible if plant parts come into direct contact with the
reclaimed wastewater (e.g. in the case of overflowing water ditches, water splashes from the
water ditches or the movement of pathogen-containing soil particles through water).
In this scenario, the probability of contamination of plant parts intended for consumption growing in the ground is to be assessed as high. The probability of contamination of above-ground
growing plant parts intended for consumption is to be assessed as moderate to high.
3.1.4.2.4 Sprinkler systems
It is possible that infectious human pathogenic protozoa such as toxoplasma, giardia and cryptosporidia get into the ground itself as well as plant parts growing in the ground with the reclaimed wastewater and remain infectious there for longer periods of time. For this reason,
contamination of both plant parts growing in and above the ground must be assumed with this
type of irrigation.
In this scenario, the probability of contamination of plant parts intended for consumption growing in or above the ground is to be assessed as high.
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3.1.4.2.5 Hydroponic culture
It is possible that infectious human pathogenic protozoa, such as toxoplasma, giardia and
cryptosporidia, are present in the reclaimed wastewater and remain infectious over longer periods of time. Contamination of plant parts growing in the water must be assumed. Contamination of other plant parts is possible if they come into direct contact with the irrigation water.
In this scenario, the probability of contamination of plant parts growing in the water and intended for consumption must be considered high. The probability of contamination of other
plant parts intended for consumption is considered low, although such contamination cannot
be ruled out.
3.1.4.3 Assessment of the quality of the data
The basis of the present assessment opinion on the possible infection of humans through the
consumption of fruit and vegetables irrigated with reclaimed wastewater during cultivation was
available data from the public health system in Germany, the EFSA and the scientific literature. The quality of the available data and information related to the characteristics of the protozoa, their transmission to humans and the diseases caused by these pathogens can be considered satisfactory.
Cryptosporidia
Data on the occurrence of cryptosporidia on fresh plant food, in soils and reclaimed
wastewater are available, but there are hardly any statements on the infectivity of the oocysts
found due to the lack of infectivity assays.
Giardia
The quality of data on the occurrence of Giardia in water and on fresh plant foods is also considered satisfactory. The quality of the data regarding the stability of Giardia in soil and water
as well as the data quality regarding the reduction of Giardia in the context of the treatment or
processing of wastewater is also considered satisfactory. Data on the stability of Giardia on
fresh fruit and vegetables are currently only available to a very limited extent. However, in
combination with the data on stability in soil and water, they allow a tendency assessment with
regard to stability on these foods. However, there are currently insufficient data on foodborne
outbreaks caused by Giardia.
Toxoplasma
The data on the occurrence of T. gondii in wastewater in Germany and Europe is currently
very limited. In Germany, there are only a few small, but no representative studies on the occurrence of T. gondii in wastewater in general or in different sections of wastewater treatment
plants that would allow for reliable data on the occurrence and effectiveness of different treatment or processing techniques. Furthermore, standardised methods for sensitive detection in
the matrix water - which is susceptible to PCR inhibition - are needed to make reliable statements.
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3.1.4.4 Need for further research
In order to generate data to further assess the risks posed by protozoa in the use of reclaimed
wastewater, research would be needed in the following areas:
 Development of standardised methods for the detection of infectious protozoa on food
(so far only partially available and not ubiquitously applicable)
 Further studies to improve the data situation with regard to stability of protozoa on
fresh plant foods, taking into account the respective cultivation and storage conditions.
 Development of further methods for chemical/physical inactivation/elimination of protozoa in the treatment of wastewater. For example, Cryptosporidium oocysts could be
used as a reference pathogen, as they have a higher resistance than Giardia cysts or
T. gondii oocysts.
 Testing of effective inactivation methods of cryptosporidia, giardia and toxoplasma in
water treatment with regard to plant and environmental compatibility, the residue problem and possible negative effects on human health.
 Comparison of available and commonly used inactivation methods for drinking water
and wastewater and their effects on the microbiological quality of the reclaimed water,
especially with regard to resistant human pathogenic protozoa - "best practices".

4

Risk management options, recommended measures

4.1

Limiting the use of reclaimed wastewater for irrigation

Based on the result of the risk characterisation (chapter 3.1.4), it is generally recommended to
use only irrigation water with a quality comparable to drinking water for plants intended for raw
consumption. It is assumed that irrigation water of drinking water quality has the lowest contamination with regard to the protozoa described here. The WHO Guidance on Potable Reuse
recommends a reduction of 8.5 log10 levels of enteric protozoa (Cryptosporidium) as a default
performance target for safe treatment of wastewater for use as drinking water (WHO, 2017).
Even if this is not a direct benchmark for the concrete validation of wastewater treatment
plants, this WHO recommendation nevertheless indicates that very high requirements are necessary to reduce human pathogenic protozoa in the reclaimed wastewater as far as possible.
In the case of plants that are not consumed raw, adverse health effects are not to be expected
from irrigation with reclaimed wastewater, as long as it can be ensured that sufficient heating
of the food takes place before consumption.
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Plants where the edible part is not exposed to direct irrigation sometimes occupy a special position. An example of this is the irrigation of fruit trees. When these plants are irrigated with reclaimed wastewater, health hazards are not to be expected if it can be ensured that, for example, bearing fruit as the edible part does not come into contact with the irrigation water. In this
case, however, fallen fruit would then no longer be suitable for raw consumption. In addition, it
must be mentioned that the pathogens can also enter the foodstuffs to be irrigated from the
environment. An additional entry via the irrigation water thus increases the risk for consumers
to become infected with these pathogens and should therefore be avoided.
4.2

Testing for protozoa in the validation of wastewater treatment processes

Overall, the regulations and parameters specified in Regulation (EU) 2020/741 for the validation of new and existing reclamation facilities are not considered sufficient to ensure the safe
removal of human pathogenic protozoa from wastewater in every case. This is because the
parameters listed in Annex 1, Section 2, Table 4 of Regulation (EU) 2020/741 (Clostridium
perfringens spores/spore-forming sulphate-reducing bacteria) for the validation of a new reclamation facility must be viewed critically with regard to their suitability as indicator germs.
The indicators described here are not protozoa, but bacterial spores. Although a high stability
of the spores can be assumed, a congruence of the reduction evaluations with the specified
log reductions is questionable, especially because very low infectious doses for the protozoa
considered here can lead to illness, as already shown in Chapter 3.1.1. In addition, the absence of this indicator germ, as described in the regulation, does not automatically mean an
actual absence of protozoa, according to the BfR. In the opinion of the BfR, it would therefore
be advisable to pursue the alternative formulated in the Regulation (EU) 2020/741 of also using cryptosporidia as a reference pathogen for protozoa and, if possible, to develop a suitable
detection method for this.
Further information on the BfR website on the topic:
BfR Opinion No 021/2020 "Reclaimed waste water: preventing bacterial pathogens on fresh
fruit and vegetables":
https://www.bfr.bund.de/cm/349/reclaimed-waste-water-preventing-bacterial-pathogens-onfresh-fruit-and-vegetables.pdf
BfR Opinion No 019/2022 "Reclaimed wastewater: preventing viral pathogens on plant foods":
https://www.bfr.bund.de/cm/349/reclaimed-wastewater-preventing-viral-pathogens-on-plantfoods.pdf
5
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