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ABSTRACT

Background

Ready-to-eat (RTE) vegetables undergo minimum conservation treatments after
harvesting in order to maintain their organoleptic and sensory characteristics, and are
sold already cleaned, cut, washed and packed in a protected atmosphere.

Italy is Europe’s second largest market for fresh-cut products after France. Vegetables
may be contaminated in various ways along the food production chain i.e., during pre-
harvesting process, during harvesting, transport and market processing

Since the majority of these products are eaten raw, to prevent the risk for human health,
these products are covered by the EU and National laws, which defines the presence and
microbiological limits only for Escherichia coli, Listeria monocytogenes, and Salmonella
spp. However, in addition to bacteria, several protozoan parasites contained in
human/animal excreta can contaminate soil and vegetables. Giardia duodenalis,
Cryptosporidium spp., Toxoplasma gondii and Cyclospora cayetanensis are the most
important emerging parasitic protozoans, which commonly infect humans and animals,
and numerous foodborne outbreaks associated with the consumption of fresh produce
contaminated with these protozoan parasites have been reported worldwide.

Despite guidelines/regulations, which support the need for tracking, monitoring and
surveillance of food products, studies investigating parasite contamination of RTE
vegetables products are very limited worldwide.

The aim of this PhD research was to investigate by microscopy and molecular tools the
occurrence and the prevalence of G. duodenalis, Cryptosporidium spp., T. gondii and C.
cayetanensis oo/cysts in ‘ready to eat’ (RTE) salads on sale in Italy. A characterization of
the isolates, quantification of the T. gondii and C. cayetanensis DNA isolates and an
evaluation of the seasonal variation and prevalence variabilities between brands

companies were also performed.

Methods
From March 2015 to February 2016, 648 packages of RTE salads produced by industrial
and local branded companies were purchased from supermarkets and grocery shops,

respectively. The sampling design was set in order to provide a 95% confidence level



with a precision of 0.6%. Nine individual packages (100g each) were collected for each
brand per sampling month, and 72 pools were created and processed.

After concentration, the pellets were subjected to both microscopy (Lugol, Ziehl-Neelsen
and IF) and molecular analyses (Nested and Semi-nested, qgPCR, EndPoint PCR)
according to the pathogen, and the isolates were sequenced.

The results were statistically analyzed through multiple testing and a combined
prevalence as testing in parallel was estimated. Difference in prevalence between

brands and sampling seasons was tested with a group regression model.

Results

A total of 864 slides were microscopically examined, and Cryptosporidium spp. and also
Blastocystis hominis and Dientamoeba fragilis were detected using one or more
microscopy techniques. G. duodenalis assemblage A, Cryptosporidium parvum and
Cryptosporidium ubiquitum, T. gondii Type 1 and C. cayetanensis were identified using
molecular tools. B. hominis and D. fragilis were also molecularly confirmed.

The overall prevalence of each protozoan species was 0.6% (95% C.I. 0.2-1.6%) for G
duodenalis, 0.8 (95% C.I. 0.3-1.8%) for T gondii, 0.9% (95% C.I. 0.4-2.1) for
Cryptosporidium spp., and 1.3% (95% C.I. 0.6-2.5%) for C. cayetanensis while the
prevalence for B. hominis was 0.5% (95% C.I. 0.1-1.4%) and 0.2% (95% C.I. 0.0-0.9%)
for D. fragilis.

In total, using both microscopy and molecular tools, 4.2% (95% C.I. 2.6-6.2%) of samples
were found to be contaminated by at least 1 protozoan species, and 0.6% (95% C.I. 0.2-
1.6%) presented coinfections of two species. The number of oocysts for T. gondii and C.
cayetanensis in qPCR test-positive samples was predicted to range from 62 to 554 and

46 to 1.580 per g of vegetable product, respectively.

Discussion and Conclusions

The present PhD work represents the first large-scale study on the presence of protozoa
in packaged salads in Europe. The results show that the prevalence of protozoan species
in RTE salads is a cause for concern about human health in Europe, and in particular in
Italy. Pending the inclusion of protozoan parasites in EU and Italian legislation to reduce
the risks of RTE contamination and minimize their foodborne transmission, our results

indicate the need for additional surveillance studies of possible sources of food



contamination. The sampling methods designed in this research and the results obtained
can provide the direction for monitoring fresh produce in other areas, and for
surveillance studies on products. In addition, they can provide the basis for food safety
guidelines, based also on the HACCP system, in order to reduce the risk of RTE

contamination and to minimize foodborne disease transmission.



1. INTRODUCTION

In recent years, the authorities responsible for food safety have become increasingly
concerned about foodborne diseases, which not only significantly affect people's health
and well-being, but they also have economic consequences for individuals, communities,
businesses and countries. In industrialized countries, among other drivers (i.e.,
environment, climate, land use, trade), the risk of food-borne diseases transmission is
also enhanced by the ongoing changes in dietary habits (Broglia and Kapel, 2011),
involving a worldwide increase in consumer demand for ready foods, in particular for
fresh vegetables/fruits, due to their health benefits.

‘Ready-to-eat’ (RTE) products are foods prepared to ease consumption, usually sealed in
plastic film or packets as room temperature, shelf-stable or refrigerated/frozen food
products. These food products do not require further processing for consumption,
providing convenience to the modern consumer who needs healthy but quick to
consume foods. This group of foods is included in the so called “IV gamme” products, i.e.
all fresh foods, including the “ready to eat” vegetables, used for human consumption,
packaged and ready to use, which after harvesting are subjected to minimum
technological processes with the aim of maintaining their freshness by following good
manufacturing practices: selection, sorting, cutting, washing, drying and packing in bags
or in sealed containers, with possibly the use of a protective atmosphere.

Currently, the fresh-cut salads cover about the 50% of the market volume, fresh-cut
fruits account for more than 10% and other fresh-cut vegetables (e.g. crudité, soup mix,
stir-fry vegetables) cover the remaining 40% worldwide (Cavaiuolo et al, 2015).

Italy is Europe’s second largest market for fresh-cut produce after France. In the period
2010-2015, the Italian fresh cut salad market has registered + 9.9% increase; RTE salads
account for approximately 75% of sales, and are mostly mixed salads (Confcooperative,
2016; IsmeaMercati, 2016). In Italy, approximately 500 companies and 120 processing
plants are involved in the production of RTE vegetables. These companies are mainly
located in Northern Italy, while the farms that provide the raw material are located

mainly in Southern Italy (Casati and Baldi, 2011).

Vegetables may be contaminated by several pathogens in various ways and at any point

before and along the food production chain, i.e., during pre-harvesting process, during
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harvesting, transport and market processing (Francis et al., 1999; Chaidez et al, 2005;

Johnston, 2005).

Since the majority of these products are eaten raw, to prevent the risk for human health,
these products are covered by the EU and National laws (L.M 13.05.2011, No.77; EC Reg.
852 of 2004; EC Reg. 20703/2005 and 1441/2007; EC Reg. 209, 2013), which define the
presence and microbiological limits for Escherichia coli, including some
verocytotoxigenic E. coli, Listeria monocytogenes and Salmonella spp.

Despite these rules, the presence of bacteria on RTE products has been detected
worldwide (Francis et al, 1999; Legnani and Leoni, 2004; Kovacevic et al, 2013; Jeddi et
al., 2014; Gurler et al, 2015; Losio et al.,, 2015).

However, in addition to bacteria, other pathogenic microorganisms can contaminate
fresh vegetables, such as viruses (Hepatitis A virus, Norovirus, Rotavirus) and protozoan
parasites, which through human and/or animal excreta - transported directly or by
rainfall-initiated run-off from agricultural, suburban and urban wastewater discharges,

irrigation water or infected food handlers - can contaminate vegetables.

Among protozoans Giardia duodenalis, Cryptosporidium spp. Toxoplasma gondii and
Cyclospora cayetanensis are the most important and emerging parasitic protozoans and
of zoonotic interest (Dubey, 2008; Fletcher et al., 2012).

G. duodenalis and Cryptosporidium spp. are well-known causative agents of
gastrointestinal disease in humans (particularly children) and animals worldwide
(Putignani and Menichella, 2010; Feng and Xiao, 2011; Bouzid et al., 2013). Infection
occurs via the fecal-oral route by ingestion of G. duodenalis cysts and Cryptosporidium
oocysts. Eight major genetic groups of G. duodenalis (assemblages) have been identified
(A-H) to date, and assemblage A and, with a lesser extent, assemblage B are considered
to be of the most zoonotic interest (Feng and Xiao, 2011). As to Cryptosporidium, of the
30 Cryptosporidium species recognized as valid, more than 20 species and genotypes
have been identified in humans; however, the majority of human cryptosporidiosis is
caused either by the zoonotic Cryptosporidium parvum or by the more anthroponotic
Cryptosporidium hominis (Ryan et al, 2016). Other species associated with human
infections are Cryptosporidium meleagridis, Cryptosporidium ubiquitum, Cryptosporidium

cuniculus (Ryan et al., 2014).



T. gondii is an intracellular coccidian protozoan, and domestic and wild felids are the
only hosts responsible for oocyst dissemination in the environment. Cats become
infected after consuming intermediate host tissues harboring cysts, or after ingestion of
sporulated oocysts. Humans become infected by ingesting raw or undercooked meat
containing bradyzoites, or by ingesting sporulated oocysts through consumption of
contaminated raw vegetables and drinking water or by direct contact with cat feces
(Jones et al, 2001). Toxoplasmosis is usually asymptomatic in immune-competent
individuals, but may cause severe infections in immune-compromised patients and
during pregnancy for fetuses and newborns (reviewed by Jones et al., 2001; Barratt et
al, 2010). T. gondii has three clonal lineages that are widespread in North America and
Europe (Sibley and Boothroyd, 1992; Howe and Sibley, 1995): Types I (highly
pathogenic), II and III (less pathogenic but more likely to cause infection in immune-
compromised patients) (Howe and Sibley, 1995; Khan et al., 2005). Other genotypes and
atypical strains are rare in Europe (Robert-Gangneux and Darde, 2012).

C. cayetanensis is an obligate intracellular monoxenous coccidian parasite that infects
the mucosal epithelium of the intestine or bile duct (Lainson, 2005), and the most
frequently reported symptoms are diarrhea, nausea and abdominal pain. Humans are
probably the only host for C. cayetanensis oocysts (Chacin-Bonilla, 2010), but since its

zoonotic role is suspected, it remains to be determined (Chu et al., 2004).

Giardia (cysts), Cryptosporidium, Toxoplasma and Cyclospora (oocysts) infective stages
are highly resistant to routine chemical disinfectants or sanitizing water processing
(Dawson, 2005; Jones and Dubey, 2010), which explains the reason of their wide
diffusion in the environment (Jones and Dubey, 2010; Fletcher et al, 2012) and in the
food (Jones and Dubey, 2012; Fletcher et al,, 2012; Dixon et al, 2013; Dixon, 2015).
Outbreaks of infections caused by protozoan parasites contained in contaminated fresh
produce have been recorded worldwide (Putignani and Menichella, 2010; Ortega and
Sanchez, 2010; Feng and Xiao, 2011; Dixon et al., 2013; Kozak et al., 2013), including
Europe (Doller et al, 2002; McKerr et al, 2015; Aberg et al.,, 2015).

In Italy, foodborne outbreaks associated with consumption of contaminated fresh
vegetables have not been reported but the presence of these protozoans have been
widely documented in humans (reviewed by Putignani and Menichella, 2010; Masucci et

al, 2011; Giangaspero et al, 2015a) and in several animal species, both domestic and
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wild animals (Berrilli et al, 2011; Giangaspero et al., 2007; Mancianti et al,, 2010, 2015;
De Liberato et al.,, 2015; Marangi et al, 2015a), as well as in environmental samples,
including vegetables (Mastrandrea and Micarelli, 1968; Briancesco and Bonadonna,
2005; Di Benedetto et al., 2005, 2007; Lonigro et al, 2006; Sacco et al, 2006;
Giangaspero et al., 2015a, b; Marangi et al., 2015b)

Despite FAO/WHO (2003) guidelines/regulations which support the need for tracking,
monitoring and surveillance of food products, studies investigating parasite
contamination of RTE products are limited to just a few reports from Canada (Dixon et
al., 2013; Lalonde and Gajadhar, 2016).

In this PhD work, we aimed to bridge a gap in knowledge about the safety of RTE salads

and potential consumer health risks in Europe.

11 Aims

The general aim of this PhD study was:
- To investigate the occurrence and the prevalence of G. duodenalis, Cryptosporidium
spp., T. gondii and C. cayetanensis in packaged salads ‘ready-to-eat’ mixed salad, sold

by industrial and local branded companies and available in Italian food stores.

The specific aims were the following:

- To microscopically detect the presence of G. duodenalis, Cryptosporidium spp. and C.
cayetanensis 00/cysts;

- To molecularly detect/confirm and genotype the isolates of G. duodenalis,
Cryptosporidium spp., T. gondii and C. cayetanensis.

- To quantify the T. gondii and C. cayetanensis DNA isolates from the qPCR tested
positive samples;

- To evaluate the seasonal variation and prevalence variabilities between the two kinds

of brands, i.e., industrial vs. local brands.
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2.  GENERAL PART

2.1. Fresh-cut produce industry

Fresh-cut produce are low in calories and respond to the changing life-style and eating
habits of the consumers. It is already known that fruits and vegetables are important
components of a healthy diet because rich sources of vitamins and minerals, dietary
fibers and a host of beneficial non-nutrient substances including plant sterols, flavonoids
and other antioxidants (Slavin and Lloyd, 2012). In fact, the World Health Organization
(WHO) and the Food and Agriculture Organization (FAO) recommend the consumption
of fruit and vegetable to decrease the risk of cardiovascular problems, diabetes and
cancer (FAO, 2016).

International Fresh-cut Produce Association (IFPA) defines “Fresh-cut produce" any
fresh fruit or vegetable or any combination thereof that has been physically altered from
its original form, but remains in a fresh state. Regardless of commodity, it has been
trimmed, peeled, washed, cut and subsequently bagged or prepackaged to offer to the
consumers the high nutrition, convenience and value while still maintaining freshness
(IFPA, 2016).

Fresh-cut produce include any kind of fresh commodities and their mixtures in different
cuts and packaging; packaged salads, baby carrots, stir-fry vegetable mixes, soup mixes
and fresh-cut apples, pineapple, or melon are only just examples of this type of product.
These products are also known with the term “minimally processed” and with the
French term of “IV gamme”. From a commercial point of view the fruit and vegetable
products are classified as “I gamme” i.e. fresh fruit and vegetable, “Il gamme” i.e.
vegetable preserves, “Ill gamme” i.e. frozen vegetables, “IV gamme” i.e. ready-to-eat
vegetables or fruit, packaged and however fresh and natural without any additives, “V
gamme” i.e. precooked vegetables, grilled, steamed without the addition of preservatives
and condiments and not frozen (Sansavini and Ranalli, 2012).

The choice and quality of the material is important; only fruit and vegetables of the best
quality in terms of development, physiological condition, appearance and integrity can
withstand the minor induced stress during the preparation (reviewed by Colelli and Elia,
2009). However, fresh-cut produce are constituted by living cells and their shelf life is

limited to few days or a week. Hence, the temperature, storage time, relative humidity
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and modified atmosphere packaging can have effects on the quality and on the shelf life

of the final produce (Legnani and Leoni 2004; reviewed by Colelli and Elia, 2009).

2.1.1. ‘Ready-to-eat’ salads and their productive process
Within the IV gamme products, ‘ready-to-eat’ (RTE) salads, dominate the production of
minimally processed foods. RTE salads are mainly constitute by lettuces (Lactuca spp.),
broad-leaved endive (Cichorium intybus L. cv latifolium), curly endive (Cichorium intybus
L.) but also lamb’s lettuce (Valerianella locusta L.), shredded carrots (Daucus carota L.)
for the mixed salads.
The transformation processes of the ready to eat salads are aimed to reducing biological,
physical, and chemical hazards associated with this type of products.
According to the current procedures, cultivars, weather conditions, irrigation practices,
fertilizers and pest control programs, chilled storage throughout the entire cool chain,
manufacturing and handling practices can affect the quality of the fresh produce (Nicola
et al., 2006; Colelli and Elia, 2009).
To ensure good results is essential to follow a few but fundamental criteria:

- Use of the high quality raw materials;

- Stringent levels of hygiene for both food and water used;

- Temperatures during the process, without ever interrupting the cold chain;

- Separation of process areas, avoiding the cross-contamination (Turatti, 2011)

The production process of the ready to eat salads is synthetically showed (Figure 1) and

described below.

Figure 1. The production process of the ‘ready to eat’ (RTE) salads
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Harvesting can be performed manually or with operating machines, especially for what
concerns the mowing of baby leaf and the product, after harvesting, is transferred in a
storage area.

After harvesting, the product has to be maintained in the storage area at a temperature
of about 4 °C and in an environment with a controlled humidity and constantly
monitored, to avoid a rapid perishability.

The first step in the process is the quality control of the raw materials. According to the
good agricultural practice code (GAP, Good Agricultural Practices), the main criteria are
the general appearance of the salads, including overall freshness, the absence of insects,
physiological and microbial diseases, necrotic tissue, and compliance with regulations
on pesticide residues and nitrate content.

Along the chain, the harvested product is manually selected by staff, place on counters
or introduced in the line of processing by conveyor belts. In some cases, automatic
systems can select the product according to the size, the morphological characteristics,
the color or the component characteristics.

All unwanted parts of the plant, including most of the outer green leaves, yellowed or
damaged leaves, core area, foreign materials are removed manually or mechanically
(trimming). Generally, the blending of the different varieties of salads occurs manually
on the trimming table or a sorting table. This operation involves the creation of a mixed
salad of different types of salads.

During the production process of the ‘ready to eat’ salads waste materials are produced.
These materials must be removed from the plant to avoid any cross-contamination.
Inside the premises, equipment and machinery used for waste material must be clearly
identified and never used for edible products. Moreover, they should be easy to wash
and sanitize. Outside the premises, any reusable receptacle for waste material should be
waterproof and easy to wash and sanitize.

After the operation of sorting, the salads are put on a conveyor belt and transported to a
cutter machine, where the leaves will be cut. The blades should be sharpened and of the
right thickness, in stainless steel and well sanitized with disinfectants. The staff should
respect the good hygienic practices using appropriate individual protections for each

operation to avoid any contamination.

14



After cutting, salad leaves are washed in washing tanks. Washing is essential in the

production process of the ready to eat salads. In particular, it allows:

- the elimination of earthy debris and pesticides;

- the reduction of the amount of the bacterial load;

- the lowering of the temperature of the product, where the washing takes place in
ice water;

- the elimination of the exudates and cellular juices, which could constitute
nutrient resources for the proliferation of microorganisms.

An optimal wash system consists in three washing tanks where jets of water and air

bubbles are blown, making more effective the removal of dirt from the surface of the

product. In first tank (pre-washer), soil and any foreign bodies are removed, in the other

tanks the product is washed and sanitized. The water used for washing of the salads is

potable, in sufficient quantity (from 5 to 10 liters/kg), adequately refrigerated (from 1 to

4°C) and constantly recycled with self-cleaning filtering systems. Different chlorine-

based disinfectants can be used for the sanitization of the washing waters as sodium

hypochlorite (NaClO) or calcium (CaCl202), chlorine dioxide (ClO2) or chlorine gas (Clz2)

are the most disinfectant agent used in the IV gamme industries. In water solution, the

concentration of active chlorine is 50-200 ppm (Colelli and Elia, 2009); in Italy, active

chlorine used during this step is 80-100 ppm for a contact time of 1-3 minutes.

Other disinfecting agents are hydrogen peroxide (H20:), ozone (0O3), peracetic acid

(C2H403) and ultraviolet radiation (UV)! (Turatti, 2011).

After washing, the leaves arrive at the drying system by another conveyor belt. The main

purpose is to prolong the shelf-life of the product in order to avoid the high amount of

moisture, inside the packages (pouches or trays), which could promote the rapid

deterioration of the product. Two methods are presently used for this operation:

centrifugation systems and air tunnel systems.

In first system, the centrifugation cycle begins with a soft loading of the fragile leaves

followed by a smooth acceleration and a careful discharge of the drained products. After

the drying cycle, the basket rotates slowly and the product is discharged on the

conveyor belt and transported to the next stage. The basket must have a completely

1 The use of hydrogen peroxide (H20:), ozone (03), peracetic acid (CzH403) and ultraviolet
radiation (UV) is limited because some of them can be used only at high concentrations (H20;
C2H403), or can be dangerous for food operators (03) or require financial investments (UV).
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smooth inner surface without a central axle or other contact parts, which could directly
damage the product.

By vibrating tables, the product is transported in the drying tunnel where the product is
gently invested by a first ascending flow of dry air, which absorbs the water in contact
with the surface of the salad leaves. A second dry airflow passes through countercurrent
the product. At the end of the operation, the dried product is then cooled with cold air
(2-4 ° C) until ready for the packaging phase.

In order to limit cross-contamination by airborne microorganisms, the airflow is filtered
and disinfected with a UV tube (250-280 nm). The dry product is transported into the
packing room. The packing room must be cleaned and refrigerated at 1-2°C and must be
separated from the washing section (Turatti, 2011).

A weighing machine or an operator may be performed. In first case, the weight of plant
tissues is transmitted to a computer that calculates the best combination to optimize the
required weight. Weighed salad is released in a bag or in a tray and packaged in a
modified atmosphere (Varoquaux and Mazollier, 2002).

It has been developed the Modified Atmosphere Packaging (MAP) to extend the “shelf-
life” (the time interval during which the food maintains an acceptable safety and quality
level, under certain storage conditions) and quality of these vegetables. MAP uses low
oxygen and enriched CO2 levels to preserve the quality of fresh-cut produce and their
shelf life (5-7 days at 4-6°C) (Colelli and Elia, 2009).

Then, the product is sealed and labeled (day of production, place of production, storage

conditions, expiry date and ingredients used) (http://www.aiipa.it/prodotti-

vegetali/prodotti-ortofrutticoli-di-iv-gamma /info-documenti/item/201-cosa-e-la-iv-

2.1.2 ‘Ready to eat’ salads in Europe and in Italy

Fresh-cut produce showed a positive trend in the market over the last two decades
worldwide. Currently, the fresh-cut salads cover about the 50% of the market volume,
fresh-cut fruits account for more than 10% of the share and other fresh-cut vegetables
(e.g. crudité, soup mix, stir-fry vegetables) cover the remaining 40% worldwide.
(Cavaiuolo et al, 2015).

In Europe, Florette Group introduced ‘ready-to-eat’ salads in France in the early 1980s.

It was the first production unit of fresh-cut vegetables in Europe, which subsequently
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started various activities to export to other countries such as the United Kingdom, Italy,
and Switzerland. Fresh-cut produce have been adapted to each country according to
consumer preferences, production, distribution, and legislation (Rojas-Graii et al., 2011).
In period 2010 - 2015, in France, sales volume and sales value of the RTE salads have
increased of + 9% and + 21.9% and in same period in Spain, sales volume and sales
value have increased of + 12.8% and + 37.5%, respectively. In the German market, the
RTE salads have been the products that have recorded the highest level of growth in
terms of volume and value of sales, + 34.7% and + 47.6%, respectively.

In Europe, Italy is the second producer and RTE salads market has recorded an increase
of + 9.9% and an increase of sales of + 10.1% (Confcooperative, 2016).

In particular, RTE mixed salads covers about the 75% of the sales of fresh-cut
vegetables, followed by rocket salads (9%) and other fresh cut vegetables (e.g. spinach,
carrots, beets, mushrooms, cabbage, spices and vegetable soups) with the remaining

16% (Figure 2) (IsmeaMercati, 2016).

Figure 2. Sales fresh cut vegetables in 2015 on Italian territory (% sales)

Mushrooms

. Cabhage
1,2% 0
Swiss chard _ 0.7% ther

\ F i 4,8%
l:armts.___l_'j% \ 4 =

2,6%
Spinach
4,5% =

Rocket salads __
2.5%

Source: elaborated by ISMEA on database Nielsen Market Track (IsmeaMercati, 2016)
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In Italy, there are approximately 500 companies and 120 processing plants, involved in
the production of RTE vegetables. These companies are located mainly in Lombardy
(35%), Campania (26%) and Veneto (9%), while the companies that provide the raw

material are located mainly in southern Italy (Casati and Baldi, 2011) (Figure 3).

Figure 3. Localization of the fresh-cut companies in Italy

Source: elaborated by DEPAAA on data from different producer organizations
(Casati and Baldi, 2011)

According to the AOP UNOLOMBARDIA (the main association of producers of fourth
range in Italy) estimated that the available area for the production of fresh-cut
vegetables is about 6500 ha, mainly in greenhouse (in northern Italy) or in open air (in
southern Italy) with 5-6 production cycles per year can be carried out (Baldi, 2007). In
Italy, the leader companies in the field are Bonduelle srl (French company), and La Linea
Verde, an Italian company in the province of Brescia, followed by Coop, Conad and Jentu-
Agronomia (Angelini et al, 2011) whereas in the Apulia, the area where this work has
been carried out, the distributed brands are OrtofrescoPulito, Agroama, Naturalissimi e

Freschissimi and Terre e Gusti.
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2.1.3 European and National regulations

RTE products are regulated by the European - EC Regulation No 852/2004 of 29 April
2004 and No 2073/2005 of 15 November 2005, amended in EC Regulation No 1441/2007
of 5 December 2007 - and by National Law 13 Maggio 2011 No 77.

General criteria

Regulation No 852/2004 establishes the rules that the food business operators that carry
out the primary production must take into account on the hygiene of foodstuffs, i.e.

a) compliance with microbiological criteria for foodstuffs;

b) procedures necessary to meet targets set to achieve the objectives of this Regulation;
¢) maintenance of the cold chain;

d) sampling and analysis.

In particular, food business operators producing or harvesting plant products are

required to take adequate measures, i.e.

a) keep clean the facilities, equipment, containers, crates, vehicles and vessels;

b) maintain a high degree of personal cleanliness, to wear clean and protective clothing
and be in good health;

c) ensure the hygiene during the production, the transport and storage;

d) as far as possible, prevent animals and pests from causing contamination;

e) store and handle wastes and hazardous substances so as to prevent contamination;

f) take account of the analyses carried out on samples taken from plants or other
samples that have importance to human health;

g) use plant protection products and biocides correctly, as required by the relevant

legislation.

In addition, during the production, potable water should be used to prevent
contaminations.

According to the Regulation, in order to obtain a higher standard of food safety, food
business operators must apply procedures based on the application of hazard analysis

and critical control point (Hazard-Analysis and Critical Control Points) principles.
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The HACCP principles are:

i) identify any hazards that must be prevented, eliminated or reduced to acceptable
levels;

ii) identify the critical control points at the step or steps at which control is essential to
prevent or eliminate a hazard or to reduce it to acceptable levels;

iii) establish critical limits at critical control points which separate acceptability from
unacceptability for the prevention, elimination or reduction of identified hazards;

iv) establish and implementing effective monitoring procedures at critical control
points;

v) establish corrective actions when monitoring indicates that a critical control point is
not under control;

vi) establish procedures for verification, which include supplementary tests, and
procedures to confirm that the HACCP system is working effectively;

vii) establish documents and records commensurate with the nature and size of the food
business to demonstrate the effective application of previously reported measures.
When any modification is made in the product, process, or any step, the food operators

shall review the procedure and make the necessary changes to it.

Microbiological criteria

Regulation (EC) No 2073/2005 establishes the microbiological criteria for foodstuffs and
the implementing rules that must be respected by food operators.

This regulation specifies the detection methods that refer to specific International
Organization for Standardization (ISO) standards for food samples.

For the RTE vegetables, the microbiological criteria include the detection of bacteria i.e.

Listeria monocytogenes, Salmonella spp. and Escherichia coli.

In particular:

- L. monocytogenes, must not exceed the limit of 100 cfu/g in products placed on the
market and it must be absent (in 25 g of product) during the production processes.

- Salmonella spp. must be absent (in 25 g of product) in products placed on the market
during their shelf-life.

- E. coli must be equal to m (minimum) = 100 cfu/g and not higher to M (maximum) =

1000 cfu/g during the production process.
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The National Law 13 Maggio 2011 No 77 incorporate the European regulations and it
establishes the marketing procedures on Italian territory. Products can be packaged
individually or in mixture, in different weight and size containers and distributed by

supermarkets and ipermarkets or by vending machines.
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2.2. Foodborne pathogens

Vegetables may be contaminated by several pathogens (bacteria, virus, parasites) in
various ways, along the productive chain, i.e. during crop production (e.g.
human/animal excreta transported directly or by rainfall-initiated run-off from
agricultural, suburban and urban wastewater discharges, irrigation with contaminated
water, organic fertilizers, manure, soil, etc.) (Chaidez et al, 2005; Amoros et al, 2010;
Jung et al., 2014), during harvesting and processing (Francis et al, 1999; Johnston, 2005;
Jung et al., 2014), directly by infected food handlers (Beuchat and Ryu, 1997). Practices
in the food industries such as cutting, shredding and slicing processes of the leafy
vegetables may increases the risk of contamination during preparation of fresh-cut
salads (Zilelidou et al, 2015). Furthermore, processing and storage conditions may
influence the microbiological quality of minimally processed vegetables, favoring the
development and the replication (this is the case of bacteria or viruses) (Legnani and

Leoni, 2004) or the survival and infectivity (in the case of the protozoans).

2.2.1 Overview of bacterial and viral pathogens

Despite EU and National Laws regulate the presence of Escherichia coli, Listeria spp. and
Salmonella spp. (see Chapter 2.1.2) these bacteria can be detected in fresh produce
(Campos et al, 2013), including RTE. Beside these pathogens, other bacteria, i.e.
Campylobacter spp., Yersinia enterocolitica, and enteric viruses (Norovirus and
Rotavirus) have been documented on ready-to-eat salads in several studies worldwide
(Sagoo et al, 2003; Mattison et al, 2010; Althaus et al, 2012; Campos et al, 2013;
Kovacevic et al, 2013; Jeddi et al., 2014; Gurler et al, 2015; Losio et al., 2015) and
outbreaks associated with the consumption of contaminated leafy green vegetables and
their ready to eat salads have been reported worldwide (Francis et al, 1999; Legnani

and Leoni, 2004; Mercanoglu-Taban and Halkman, 2011; Martinez-Vaz et al,, 2014).
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2.2.2 Parasites

Several species of helminths and protozoans (reviewed by Dixon, 2015) can be detected
in fresh produce.

The presence of helminths in RTE salads has not been documented but helminths eggs
and/or larvae have been reported in marketed raw vegetables mostly in Eastern
countries, - related to poor sanitation and inadequate personal hygiene - such as in
Ghana (Strongyloides stercoralis, Trichuris trichiura and Enterobius vermicularis) (Duedu
et al, 2014); Egypt (Enterobius vermicularis, Hymenolepis nana, Hymenolepis diminuta
and Ascaris lumbricoides) (Eraky et al, 2014); India (Ascaris lumbricoides) (Sunil et al,
2014); Pakistan (Ascaris spp., Trichostrongyloides sp.) (ul-Haq et al, 2014); Syria
(Enterobius vermicularis and Ascaris lumbricoides) (Alhabbal, 2015); Sudan (Ascaris
lumbricoides, Strongyloides stercoralis and Trichuris trichiura) (Mohamed et al, 2016);
Iran (Ascaris lumbricoides, Trichuris trichiura, Toxocara spp., Trichostrongylus spp.,

Taenia sp. and Hymenolepis nana) (Rostami et al., 2016);

As to protozoans, the presence of G. duodenalis, Cryptosporidium spp., T. gondii and C.
cayetanensis - which are considered by the scientific community the most important and
emerging parasitic protozoans - in vegetables is discussed in detail in the present thesis
(see Chapter 2.3).

Other protozoans which can contaminate fresh produce are Entamoeba histolytica,
Cystoisospora belli (formerly Isospora belli) Balantidium coli, Blastocystis hominis but
foodborne illness due to infection with these species is largely sporadic and few
outbreaks have been documented (Dixon, 2015). Entamoeba histolytica has been
recorded in raw vegetable in several countries (Dixon, 2015). Cystoisospora belli and/or
Balantidium coli oocysts has been reported in raw vegetables in Kenya (Nyarango et al,
2008) and in Iran (Ebrahimzadeh et al, 2013; Nazemi et al,, 2012). Blastocystis hominis
cysts have been reported on leafy vegetables, i.e., lettuce, cress, radish, green onion and
leek, purchased from local markets in Saudia Arabia with a prevalence of the 12.6% (Al-

Binali et al, 2006) and 17.1% (Al-Megrin, 2010).
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2.3 Investigated foodborne protozoan pathogens

2.3.1 GIARDIA DUODENALIS

2.3.1.1 Classification and Morphology

Giardia belongs to the Phylum Zoomastigophora, Class Zoomastigophorea, and Order
Diplomonadida, Family Hexamitidae. Giardia is a flagellate protozoan observed by Van
Leeuwenhoek in 1681 and then fully described by Lamb in 1859.

Species of the genus Giardia infect numerous hosts, ranging from mammals to
amphibians and birds. Currently, seven Giardia species have been identified: Giardia
agilis in amphibians, Giardia ardeae and Giardia psittaci in birds, Giardia microti in voles
and muskrats, Giardia muris in rodents, Giardia varani in lizards and Giardia duodenalis
(synonyms G. intestinalis and G. lamblia) in mammalians, including humans (Table 1).

G. duodenalis is the only Giardia species that causes human infection and it is now
considered a multispecies complex. G. duodenalis consists of eight genetically distinct
assemblages, designated A to H. Assemblages A and B are considered to have a broad
range of hosts (humans and numerous species of mammals) and for this reason, they
can be considered zoonotic. Assemblages C and D have been identified in dogs and wild
canines, assemblage E in artiodactyls, assemblage F in cats, assemblage G in rodents and
assemblage H in seals (reviewed by Feng and Xiao, 2011; Heyworth et al., 2016) (Table
1).

Table 1. Established Giardia species and
G. duodenalis assemblages (source: Feng and Xiao, 2010)

Species Major host{s)

G agilis Kunstler, 1882 ... Amphibians
G ardeae Noller, 1920... . Birds
(r. microg Benson, 1908, ...Muskrats and voles

G, muris Benson, 1908 ... ... ... Rodents
. pwittaci Erlandsen and
Bemrick, 1987 .. ... Binds
G, varani Lavier, 19237 ... ..Lizards
G duodenalis Davaine, 1875 ... Mammals
Assemblage A (=0 ducdenalis
senau steieto™ e Hlumans. nonhuman primates,

domestic and wild
ruminanis, alpacas, pigs,
horses, domestic and wild
canines, cats, ferrets,
rodents, marsupials, other
mammals
cireee Humans, nonhuman primates,
catife, dogs, horses, rabbits,
beavers, muskrats
Assemblage C (=G, canis™). ... Domestic and wild canines
Assemblage D (=G canis?) ... ..Domestic and wild canines
Assemblage E (=0 Bovis ™). .Domestic ruminants, pigs

Assemblage B (=G enlerica ™)

Assemblage F (=G cati™y.... ..Cals
Assemblage G (=0, stmondi?®) .:Mice, rats
Assemblage Hoo.nooneocee e S80S

“To be supporied by molecular biological charscterizations.
* Species names recently proposed (180, 260, 261).
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From a morphological point of view, Giardia has two forms: the “resistance form”
represented by the cyst that allows the propagation of the parasite in the environment,
and the “vegetative form” identified in the trophozoite, who lives in host intestinal
lumen.

The cysts are approximately 8-12 pm long x 7-10 um wide. A wall that is 0.3 to 0.5 um
thick and composed of an outer filamentous layer and an inner membranous layer with
two membranes covers them. The outer portion of the cyst wall is covered by a web of 7
to 20nm filaments (Erlandsen et al, 1989, 1990). Into the cytoplasm are present: 4
nuclei clustered in pairs at one end, axonemes that runs diagonally through the cyst,
retracted flagella, basal bodies and part of the ventral disk, which will form the
trophozoites after the excystation (Scaglia et al., 1987).

The trophozoites are approximately 12 to 15 um long and 5 to 9 pm wide. They are
pear-shaped, rounded anterior end, posterior end pointed. The dorsal surface is convex
while the ventral surface is concave. The ventral surface has a ventral disk or adhesive
disk, which adheres to the surface of intestinal cell. The cytoskeleton includes a median
body, four pairs of flagella (2 anterior, 2 posterior, 2 caudal, and 2 ventral), and the

ventral disk (reviewed by Adam et al., 2001) (Figure 4a, b).

Figure 4 (a, b). Trophozoite (A) and cyst (B) of Giardia duodenalis
stained with trichrome and iodine (source: CDC, 2015)

A . B
S Y v - ]
-
The ventral disk is a unique and important component and it appears as a concave
structure with a maximum depth of 0.4 mm covering the entire ventral surface.

The trophozoites have two nuclei that are nearly identical in appearance and replicate

approximately in the same time (Wiesehahn et al., 1984).
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2.3.1.2 Biology and Life Cycle
G. duodenalis has a direct life cycle (Figure 5) and the infective stage of the parasite, the

cyst, encysts when released into the feces and is immediately infectious.

Figure 5. Life Cycle of Giardia duodenalis (source: CDC, 2015)
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Cysts are the main responsible for transmission of giardiasis. However, in case of acute
infections, the vegetative forms can be also eliminated with the feces and if soon
ingested by a new subject or by the same host, they are able to reach the intestinal tract
and colonize it (Thompson et al., 1993).

After exposure to the acidic environment of the stomach (gastric acid, gastric and
pancreatic enzymes), cysts excyst into trophozoites in the proximal small intestine (each
cyst produced two trophozoites). The process of excystation is rapid, and it is completed
within 10 minutes (Buchel et al, 1987). The emerging trophozoite undergoes
cytokinesis within 15 to 30 min after the onset of excystation, so that two trophozoites
are formed from one cyst.

The trophozoites colonize the small intestine of their host, mostly in the mid-jejunum.
Here, they replicate by binary fission and they adhere through their concave ventral

surfaces (ventral adhesive disk) to the intestinal wall, where they obtain the necessary
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nutrients (reviewed by Adam, 2001). After exposure to biliary secretions, trophozoites
encyst in the jejunum and they pass in the feces. Once excreted, the cysts are

immediately infective for a new host.

2.3.1.3 Epidemiology

Cysts can be ingested with contaminated water or food or through direct fecal-oral
contact.

Due to the huge amount of data, prevalence recorded in humans, animals, water and
food in the last 10 years are herewith synthetized and limited, except for vegetables, to
the European scenario.

Humans - G. duodenalis has a global distribution. However, in developing countries, the
infection rate of giardiasis in humans is very high, reaching up to 40%, whereas in
developed countries the prevalence is lower (up to 7%) but in some specific areas it can
be higher (Feng and Xiao 2011).

In Europe, studies report a prevalence of giardiasis in humans from 2.9 to 5.8% in the
Nordic countries (i.e., Danimark, Finland, Norway and Sweden) (Horman et al., 2004),
1.5% in Germany (Sagebiel et al., 2009), 4.0% in Belgium (Geurden et al., 2009), 1.3% in
United Kingdom (Davies et al., 2009), 3.7% in Portugal (Almeida et al., 2006) and 5.4%
in Spain (Manzardo et al., 2008).

In Italy, before the introduction of the Highly Active Anti-Retroviral Therapy (HAART),
G. duodenalis infected 6.15% of HIV-positive persons (Angarano et al. 1997; Brandonisio
et al. 1999; Giacometti et al. 2000). In non-immune-compromised human population, G.
duodenalis was recorded with a prevalence from 0.94 to 4.66% (Giangaspero et al.,
2007). Later, 1.3% to 4.8% of prevalence have been registered in two different studies
carried out in Northern (Guidetti et al., 2010) and Central Italy (Masucci et al, 2011)
with the highest rate in children yuonger than 15 years of age (Masucci et al.,, 2011).
Similarly to other countries, the zoonotic assemblage (assemblage A) was more common

(54.2%) than assemblage B (32.5%) (Giangaspero et al., 2007).

Animals- Giardiasis has been recorded in several animal species worldwide ranging from
1.5% to 57.8% in farm animals, from 2% to 100% in companion animals and from 1.4%
to 100% in wild animals with higher prevalence of the assemblage A than B (Feng and

Xiao 2011).
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In Europe, data from the last 10 years are synthetized in this Table.

Animal species Country Prevalence Assemblages References
Cattle Belgium 17.4%- 31.3% A,Eand A+ E | Geurden etal, 2004, 2008a
Denmark 43.6% AE Maddox-Hyttel et al., 2006; Langkjaer et al.,
2007
Germany 38.0% to 72.4% A E Jager et al., 2005; Gillhuber et al., 2013
Norway 49.0% A Hamnes et al.,, 2006; Robertson et al., 2007
Poland 2.2t0 14.0% - Bajer, 2008
Portugal 9.0% A B E Mendonca et al., 2007
Spain 26.6 to 30.1% E Castro-Hermida et al., 2006, 2007
Italy 66.6% A B E Giangaspero et sl,, 2007
Sheep Belgium 25.5% A E Geurden et al.,, 2008b
Norway 26.8% A E Robertson et al., 2010
Poland 1.3% A, B Bajer, 2008
Spain 19.2 to 42.0% A B Castro-Hermida 2006, 2007;
Gomez-Munoz et al., 2009
Italy 1.5% A B Giangaspero et al., 2007
Goat Belgium 35.8% A Geurden et al.,, 2008b
Spain 13.0 to 42.2% AE Castro-Hermida et al., 2005, 2007;
Ruiz et al., 2008
Italy - - -
Dogs Belgium 22.7% ABCD Claerebout et al., 2009
Norway 8.2% AC Hamnes et al, 2007a
Finland 5.3% C,D Rimhanen-Finne et al., 2007
Germany 2.3% A C D Epe et al, 2004
Netherlands 15.2% A C D van der Giessen et al., 2006
Poland 2.0 to 36.0% A C D Bajer, 2008, Solarczyk and Majewska, 2010
United Kingdom 8.4t021.0% ACD Batchelor et al., 2008;
Upjohn etal, 2010
Spain 7.0% to 33% A B,CD Martinez-Moreno et al., 2007;
Dado et al, 2012; Gil et al.,, 2017
Greece 4.3% A C,D Papazahariadou et al, 2007
Italy 0.2% to 80% ACD Giangaspero et al., 2007;
Paoletti et al,, 2015
Cats Netherlands 13.6% A, D Overgaauw et al., 2009
Germany 1.1% A Epe et al, 2004
United Kingdom 5.3% A F Gow et al., 2009
Italy 5% to 15.8% AF Giangaspero et al., 2007;
Papini et al.,, 2007; Paoletti et al,, 2011
Marine animals Island 54% and 20% A and B Lasek-Nesselquist et al., 2008
Chamois Italy 4.45% A E De Liberato et al., 2015
Fallow deer Sweden - A Lebbad et al., 2010
Italy 11.5% A Giangaspero et al., 2007
700 parrots Italy 18.7% A Papini et al., 2012
Red fox Norway 4.8% A B Hamnes et al.,, 2007b
Non-human primates Sweden - B Lebbad et al., 2010
Belgium 78.6% B, A+B Levecke et al., 2009
Italy 47.0% B Berrilli et al,, 2011

Water - Giardia, together with Cryptosporidium, is the most frequently reported

waterborne protozoa worldwide (Baldursson and Karanis, 2011).

In Europe, recent studies reported the presence of G. duodenalis in water samples with a

prevalence ranging from 87.5% to 100% in Spain (untreated and treated water)

(Gémez-Couso et al., 2005; Castro-Hermida et al., 2008), of 38.3% in Portugal (raw and

treated water) (Lobo et al., 2009) and of 97.5% in Switzerland (surface water) (Wicki et

al, 2009).

As to Italy, the presence of Giardia has been recorded in surface water with a prevalence

ranging from 33.3% to 100% (Briancesco and Bonadonna, 2005; Di Benedetto et al.,
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2005; Vernile et al., 2009), in groundwater from 11% to 14.3% (Di Benedetto et al.,
2005; Lonigro et al, 2006) and in wastewater from 8.4% to 100% (Briancesco and
Bonadonna, 2005; Di Benedetto et al., 2005; Lonigro et al., 2006; Marangi et al., 2015b).
Molecular typing of Giardia was performed in wastewater and in surface water and G,
duodenalis assemblage A has been detected with a prevalence of 75% followed by

assemblage B (5.35%).

Fresh produce - The presence of Giardia cysts in fresh produce has been documented
worldwide with a prevalence ranging from 1.8% to 56% (Dixon, 2015). Giardia has been
recently recorded mostly in Iran (Shahnazi and Jafari-Sabet, 2010; Ezatpour et al., 2013),
in Saudi Arabia (Al-Megrin et al, 2010), in Egypt (Eraky et al, 2014) and in Sudan
(Mohamed et al., 2016). Shahnazi and Jafari-Sabet (2010) and Ezatpour et al. (2010)
reported a prevalence of the 1.8% (4 out of 218 vegetables samples) and 3.5% (19 out of
550 vegetables samples), respectively. In addition, Ezatpour et al. (2013) reported a
high contamination on vegetables during the spring (5.8%) rather than in the winter
(1.1%). In Saudi Arabia, out of 470 leafy vegetables samples, G. duodenalis has been
found with a prevalence of the 31.6% (Al-Megrin et al., 2010). In Egypt, out of 530
vegetables (lettuce, watercress, parsley, green onion and leek) G. duodenalis cysts has
been detected with a prevalence of the 8.8% (Eraky et al., 2014) in particular in lettuce
(15.8%). In Sudan, out of 260 fresh vegetable samples, 59 (22.9%) were microscopically
positive for Giardia cysts (Mohamed et al., 2016).

As regard to RTE, the presence of G. duodenalis has been reported in Canada by Dixon et
al. (2013). These authors recorded the presence of G. duodenalis in 10 (1.8%) out of 544
ready-to-eat packaged leafy greens; G. duodenalis assemblage A and B was identified in 7
(1.2%) and 2 (0.4%) samples, respectively.

In Europe, Giardia cysts have been found on vegetables in Norway (Robertson and
Gjerde, 2001) and in Spain (Amoros et al., 2010). In Norway, between August 1999 and
January 2000, Giardia cysts have been found in 10 (2.1%) out of 475 samples between
fruits and vegetables. Concentrations of detected parasites have been generally low
(with an average of approximately 1-8 cysts per 100 g of produce). In Spain, Giardia
cysts have been detected on salad products such as lettuces and Chinese cabbage.
Giardia has been observed in 10 (52.6%) samples (with an average of 3-4 cysts and 6
oocysts per 50 g produce) out of 19 the salad products. A higher percentage of positive
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samples have been observed for Giardia (61.5%) in lettuces than in Chinese cabbages
(33.3%) (Amoros et al., 2010).

In Italy, the presence of the Giardia cysts in vegetables is poorly documented; the first
detection of Giardia in the vegetable is dated in 1968. Giardia cysts have been found on
48 (75%) out of 65 vegetables from local markets in the city of Rome (Mastrandrea and
Micarelli, 1968). Almost 40 years later, the presence of Giardia cysts has been
documented in ready to eat salads collected in Palermo by Di Benedetto et al. (2007);
one sample out of 40 samples were found positive to Giardia cysts (12 cysts/50g of

vegetables).

Significant aspects in the epidemiology of giardiasis is represented by their low
infectious dose (10-100 cysts), by immediate infectivity of the cysts when excreted in
the feces and by their resistance (Dawson, 2005).

Cysts remain infectious for months in cool, damp areas and rapidly accumulate in the
environment. Studies report that infectivity of the cysts in soil can be reduced of 11%
after 49 days at 4°C and after 7 days at 25°C, the cysts were not infective. In tap water,
Giardia cysts were infectious for 56 days at 0°C to 4°C and 14 days at 20°C to 28°C.
Similar results were obtained in lake water, with 56 days of survival at 0°C to 4°C or 6°C
to 7°C and 28 days at 17°C to 20°C. Longer survival was noticed in river water, with 84
days of survival at 0°C to 4°C and 28 days at 20-28°C.In seawater, Giardia cysts could
survive for over 65 days at 4°C (Erickson and Ortega, 2006). In addition, cysts are
resistant to freezing (cysts killed at -18°C after 1h) and to chlorine but are sensitive to
heat (heating of 71.7 ° C for 15s) (Dawson, 2005).

Due to these biological characteristics, outbreaks associated with consumption of fresh
produce contaminated with Giardia have been documented in United States, from 1971
to 2011 (Adam et al, 2016). Thirty-eight foodborne outbreaks (60.5%) have been
documented; raw vegetables, a salad bar, unspecified vegetables and fresh fruit were
implicated. In Italy, cases of giardiasis linked to fresh produce have not been

documented.
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2.3.1.4 Pathogenesis

The pathogenic mechanisms of G. duodenalis in producing chronic diarrhea and
malabsorption are probably multifactorial and have still not been clearly defined (Buret,
2007).

Trophozoites perform a mechanical activity on the intestinal epithelium. Once
excystation occurs, they use their flagella to reach the microvillus that cover the surface
of the duodenum and jejunum. Here, they attach the enterocytes using the disk located
on their ventral surface (Adam, 2001). The attachment process causes damage to the
enterocytes and the rapid multiplication of trophozoites creates a physical barrier
between the enterocytes and the intestinal lumen, interfering with nutrients absorption
(Adam, 2001). In addition, this process damages the enterocytes and causes villus
atrophy, crypt hyperplasia (Buret, 1992), and intestinal hyper permeability (Chin, 2002;
Dagci, 2002).

Nutrients malabsorption characterizes also the pathophysiology of giardiasis;
trophozoites use nutrients for sustenance and growth. Glucose appears to be the
primary energy source, but also amino acids such as alanine, arginine and aspartate
(Adam, 2001).

Animal models suggest that Giardia is unable to survive in the small bowel in the
absence of bile acids, and for this reason the trophozoites have to absorb bile acids by
the host. It explains the fat malabsorption often seen in giardiasis patients (Vesy and
Peterson, 1999).

Chronic giardiasis also results in malabsorption of lactose, vitamin B12, and fat-soluble
vitamins, which can result in weight loss, nutritional deficiencies, and failure to thrive in
children (Gardner and Hill, 2001).

G. duodenalis induce enterocytes apoptosis (Troeger et al, 2007). Intriguingly, this effect,
and the resulting disruption of tight junctional integrity, can be inhibited with apical
administration of epidermal growth factor (Buret et al, 2002). Giardia can also prevent
the formation of epithelial nitric oxide, a compound known to inhibit giardial growth, by
consuming local arginine, which effectively removes the substrate needed by
enterocytes to produce nitric oxide (Eckmann et al, 2000). This mechanism may
contribute to Giardia-induced enterocyte apoptosis, since the arginine deficiency in

these cells is known to cause programmed cell death (Potoka et al, 2003).
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However, symptoms during giardiasis may occur in the absence of overt villus atrophy
or other signs of mucosal injury (Eckman et al., 2001). In this patient, G. duodenalis
causes malabsorption of glucose, sodium, and water, and reduced disaccharidase
activity and maldigestion, due to a diffuse shortening of epithelial microvilli (Belosevic

et al., 1989; Buret et al., 1992; Troeger et al., 2007).

2.3.1.5 C(linical signs

The symptoms of giardiasis can be variable and generally show up about two weeks
after exposure. Symptoms may be acute or chronic diarrhea associated with abdominal
pain, flatulence, bloating, nausea, malabsorption, weight loss and vomiting. Fever is
occasionally present at the beginning of the infection (Ortega and Adam, 1997).
Although giardiasis may resolve spontaneously, the illness frequently lasts for several
weeks, and sometimes for months, if left untreated. Patients with chronic giardiasis have
profound malaise, diffuse epigastric and abdominal discomfort. Usually infections are
asymptomatic, but chronic diarrhea may occur in children (Magin et al., 2016) and low

proportion of immunocompromised people (Angholi et al., 2013).

2.3.1.6  Diagnosis in clinical samples

Diagnosis is usually based on the microscopic detection of Giardia cysts or trophozoites
in a stool specimen. Stools may be examined directly as fresh smears by light
microscopy, or preserved in formalin or polyvinyl alcohol and stained with iodine
(Wolfe, 1990; Smith and Paget, 2007) and iron-haematoxylin (Garcia, 2007), Giemsa
(Ament, 1972; Wolfe, 1990) or trichrome (Thornton et al, 1983). Cysts can be
concentrated using various methodes, i.e., formalin-ether or formalin-ethyl acetate (Smith
and Paget, 2007) or zinc sulphate solution (ZnS04) (Zajac et al., 2002).

Motile trophozoites can be detected by direct microscopic examination of fresh samples
(smears prepared immediately with warm [37°C] saline), while dead trophozoites can
be detected in air-dried faecal smears stained, for instance, with Giemsa (Smith and
Paget, 2007). Multiple faecal samples should be taken in a week and examined over a
period of 1-2 weeks, because of the intermittent nature of excreted cysts (Smith and
Paget, 2007; Garcia, 2009). Electron microscopy might be useful for the identification of

some Giardia species (Adam, 2001), but is not applicable for routine use.
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Other techniques are the direct fluorescence antibody (DFA) tests with a fluorescein
isothiocyanate-conjugated anti-Giardia monoclonal antibody (Johnston et al., 2003; Al et
al., 2006). There are also Kkits that can detect the presence of oo/cysts in feces samples,
for example, Merifluor Cryptosporidium/Giardia kit (Meridian Diagnostics, Cincinnati,
Ohio, USA). (Grigoriew et al., 1994; Zimmerman and Needham, 1995).

PCR assays for Giardia have become more common in the last years. However, PCR
amplification and sequences analysis are more frequently used for
genotype/assemblage classification and are not routinely used for diagnosis (Cama and
Mathison, 2015). Some genetic markers used to characterize and classify G. duodenalis
include the small-subunit (SSU) rRNA gene (Caccio et al., 2008; Abe et al, 2010; De
Liberato et al., 2015), glutamate dehydrogenase (gdh) gene (Caccio et al., 2008; Abe et
al, 2010), B-giardin (bg) gene (Lalle et al., 2005; Caccio et al., 2008; Abe et al., 2010),
elongation factor 1 alpha (efla) gene (Li et al., 2013) and triosephosphate isomerase
(tpi) gene (Sulaiman et al., 2003; Caccio et al., 2008; Abe et al., 2010).

Another diagnostic aspect to take into account is the infectivity of cysts, because only
viable cysts are a concern for public health services. The detection methods described
above cannot distinguish between viable and non-viable cysts. Despite several
techniques have been developed to distinguish between viable and non-viable cysts,
they are not completely reliable or are very expensive and complex. These are: inclusion
or exclusion of fluorogenic vital dyes as 4',6'-diamidino-2-phenylindole (DAPI) and
propidium iodide (PI) (Robertson et al., 2014), fluorescent in situ hybridization (FISH)
assays, which use labelled complimentary oligonucleotide probes for the detection of
rRNA (Lemos et al. 2005), infectivity methods i.e. mice models (Jenkins et al., 1997) and
cell culture (Saghaug et al., 2015), and reverse transcriptase polymerase chain reaction

(RT-PCR) assays (Nam and Lee, 2010).
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2.3.1.7 Detection methods in vegetables

Methods for the detection of G. duodenalis in vegetable samples are based on
concentration. Concentration methods use detergent solutions for the washing of the
vegetables and for recovery of the cysts. Detergents used in recent studies are: i) saline
buffer solutions (PBS) (Lonigro et al., 2006; Dixon et al., 2013); ii) physiological saline
solutions (Robertson and Gjerde, 2000; Di Benedetto et al., 2007; Al-Megrin et al., 2010);
iii) glycine buffer solutions (Cook et al, 2007; Amoros et al., 2010). The washing are
performed into stomacher bags and in any case, the stomacher bags are subjected to
movements of oscillation to allow the removal of cysts.

The concentration methods may provide different protocols for a better purification and
recovery of the cysts: filtration (i.e. cellulose ester membrane) (Al-Megrin et al., 2010);
centrifugation (Dixon et al., 2013); centrifugation followed by flotation (Lonigro et al,,
2006; Cook et al., 2007) and immunomagnetic separation (Robertson and Gjerde, 2000;
Cook et al.,, 2007; Di Benedetto et al., 2007; Amoros et al., 2010; Ramirez-Martinez et al.,
2015;).

After recovery from vegetables, Giardia cysts can be identified by light microscopy
adding a drop of Lugol’s iodine solution (Al-Megrin et al., 2010; Ramirez-Martinez et al.,
2015), by fluorescence microscopy using fluorescein isothiocyanate-conjugated anti-
Giardia monoclonal antibodies (Robertson and Gjerde, 2000; Lonigro et al., 2006; Cook
et al.,, 2007; Di Benedetto et al., 2007; Amoros et al., 2010; Dixon et al., 2013; Ramirez-
Martinez et al, 2015) or fluorogenic dyes as 4',6'-diamidino-2-phenylindole (DAPI)
(Robertson and Gjerde, 2000; Cook et al., 2007; Amoros et al., 2010).

Recently, various molecular methods have been developed for the identification of
Giardia on vegetables such as nested-PCR (Dixon et al., 2013), PCR (Ramirez-Martinez et
al., 2015) and PCR-RFLP (Tiyo et al.,, 2016). These molecular techniques may provide
information about the genotype or species of Giardia, and may identify the parasite in
low quantities. Currently the used genes are 16S rRNA gene (Dixon et al, 2013), b-
giardin gene (Ramirez-Martinez et al., 2015) and gdh gene (Tiyo et al., 2016).
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2.3.2 CRYPTOSPORIDIUM SPP.

2.3.2.1 C(lassification and Morphology

Cryptosporidium belongs to the Phylum Apicomplexa, class Coccidiomorphea, order
Eucoccidiida, family Cryptosporidiidae. However, recent molecular studies indicate that
Cryptosporidium is more closely related to the primitive apicomplexan gregarine
parasites rather than to coccidians. The similarities between Cryptosporidium and
gregarines have been supported by extensive microscopic, molecular, genomic and
biochemical data, which have served as basis for the formal transfer of Cryptosporidium
from subclass Coccidia, class Coccidiomorphea to a new subclass, Cryptogregaria, within
class Gregarinomorphea. The genus Cryptosporidium is currently the only member of
Cryptogregaria and is described as comprising epicellular parasites of vertebrates
possessing a gregarine-like feeder organelle but lacking an apicoplast (reviewed by Ryan
etal, 2016)

Species of the genus Cryptosporidium infect birds, reptiles, amphibians and mammals
including human (Slapeta, 2013). Ernest Edward Tyzzer was the first person to
recognize and describe Cryptosporidium in the gastric glands of tame variety of common
mice (Tyzzer, 1907).

In the last decade, the number of named species has grown steadily, with approximately
one new named species per year, and 10 named species during 2004-2013. Currently,
30 Cryptosporidium species are recognized (Slapeta, 2013) (Table 2).

C. hominis and C. parvum are most commonly reported in human cryptosporidiosis.
Other species, such as C. meleagridis, C. felis, C. canis, C. cuniculus, C. ubiquitum and C.
viatorum have a zoonotic potential but are less common in humans (Xiao, 2010; Ryan et

al,, 2014).
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Table 2. Some valid species of Cryptosporidium (source

: Ryan et al., 2014)

Species name Author(s)

Type hosts

Major host

Reports in humans

. mueres Tyzzer (1907, 1910)
(", wratri Vetterling er al. (1971)
. felis Tseki (1979)

C.

SErpeniis Levine (1980)

. meleagridis  Slavin (1935)

. parcum Re: Upton and Current (1985)
Tyzzer (1912)°

" batleyvi Current et al_ (1986)

. varani Pavlasck et al. (1995)

. andersani Lindsay e af. (2000)

. canis Faver ef al. (2001)

. molnari Alvarez-Pellitero and
Siga-Bobadilla (2002)

. hominis Morgan-Ryan et al. (2002)

. galli Re: Ryan et af. (2003c)
Pavlasck (1999)*

. surs Byan ef al. (2004)

. bowis Faver et al. {2005)

. faveri Rvan e al_ (2008)

. fragle Jirku et al. (2008)

. macrapodum  Power and Ryan (2008)

. ryanae Fayer et ol (2008)

. xicol Faver et al. (2010)

. ubiqueitsem Faver et al. (2010)

. cumiendus Re: Robinson et al. (2010)
Inman and Takeuchi (1979)*

. ty=zeri Re: Ren ef af (2012)
Tyzzer (1912) (. parvum)®

. viatorum Elwin et al_ {2012k)

. serafarum Kvad e al_(20130)

. erimaced Evad e al (20145)

Tame mice

Caria porcellus {Guinea pig)

Felis catis (Cart)

Elaphe guttata, E. subocularis, Sanzinia
madagascarensus ( Snakes)

Meleagriz gallopavo { Turkey)

Bos tanrus { Cattle)

Ciallus gatfus (Chicken)
Varanus prasimes (Emerald Monitor)
Bos raures (Cartle)

Canis familiaris ( Dog)
Sparus anrata and Dicentrarchus labrax {Fish)

Hano sapiens {Human)

Spermestidae, Frangillidae, Gallus gallus,
Tetrao wrogallus, Pimicola enncleator { Birds)

Sus serofa (Pig)

Bos taurus ( Cattle)

Macropus rufus (Kangaroo)
Dhuttaphrynus melanostictus {Toad)
Macrapus giganteus | Kangaroo)
Buos taurus (Cartle)

Ohwis aries (Sheep)

Bos taurus ( Cattle)

Orvetolagus cuniculus (European rabbir)
Mus musentus (Mouse)
Hono sapiens {Human)

Sus serofa (Pig)
European hedgehog ( Erinacens europaens)

Rodenes
Guinea pigs

Snakes and lizards

Birds and humans
Ruminants

Birds
Lizards
Cattle

Diogs
Fish

Humans

Birds
Pigs
Cartle

Marsupials

Toads

AMarsupial

Cartle

Sheep and goars

Ruminants, rodents,
primates

Rabbit=

Rodents
Humans

Pigs
Hedgehogs and horses

Numerous reports (cf. Feng et al. 20115)
None reported

Many reports (cf. Lucio-Forster et al. 2010)
None reported

Commonly reported in humans
Commonly reported in humans

None reported
None reported
Leoni ef af. {2006); Morse et af. (2007);
Waldron et al_ (2011);
Agholi et al. (2013); Liu et al_ (2014)
Many reparts (cf. Lucio-Forster et al. 2010)
None reported

Most common species in humans
None reported

Niao et al. (2002a); Leon ef al_ (2006); Cama
et al. (2007); Wang et al. (2013)

Khan et al. (2010); Ng et al. (2012); Helmy
et al. (2013)

Waldron et al. {2010}

None reported

None reported

None reported

Adamu et al. (2014)

Commenly reported (cf. Fayer et al. 2010;
Elwin ot al. 2012a)

Chalmers ez al. (2009b); Anon (2010); Molloy
et al. (2000); Chalmers et af. (201 1a)

Raskova ef al. (2013)

Elwin er af. (20125); Insulander et al. (2013)
Kovac et al_ (2009a); Kvad et al_ (2000h)
Kvad er al_ (2014a)

Re, redescription.
* Imitial description.

Cryptosporidium oocysts can be spherical (4-6

um in diameter) or oval (7 X 5um in

diameter), according to the species (Chalmers and Katzer, 2013) (Figure 6).

Figure 6. Cryptopsporidium oocysts. The images show oocysts stained with Ziehl-

Neelsen stain (A) and with immunofluorenscence antibodies (B

source: CDC, 2015)

The oocyst wall of Cryptosporidium spp. is similar to that of the other coccidia, in fact

presents inner and outer layers, except for the presence of a suture on one end, which is

not present in others. The oocysts wall of C. parvum is a trilaminar structure with an

average thickness of about 49nm (Harris and Petry, 1999). The wall is continuous except

at one pole where it is interrupted by a single seam or suture that extends one-third to

one -half the way around the periphery (Fayer et al., 1997). Trophozoites contain a
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prominent nucleolus within a single nucleus surrounded by cytoplasm and a well-
developed attachment/feeder organelle for the fusion with host cell (Fayer et al., 1997).
Immature microgamonts resemble to merontes but contain small, compact nuclei.
Microgaments are rod-shaped (1.4 x 0.5pum for C. parvum), with a flattened anterior end.
Macrogamonts of C. parvum are approximately 4 to 6 pm, spherical to ovoid, have a large
central nucleus with a prominent nucleolus, lipid bodies, amylopectin granules, and
unique wall-forming bodies in the cytoplasm. The fertilized macrogamonts, or zygote,

develops into an oocyst with either a thin or a thick wall (Fayer et al., 1997).

2.3.2.2 Biology and Life Cycle

Cryptosporidium spp. has a biological cycle monoxenous i.e.,, all development stages
(asexual and sexual) occur within the same host.

Transmission of the parasite occurs via the faecal-oral route, by ingestion of
contaminated water or food, or by human-to human and animal-to-human transmission
(Xiao, 2010).

The infective cycle begins when an appropriate host ingests the oocysts, the infective

stages of the parasite (O’Haraa and Chen, 2011) (Figure 7).

Figure 7. Life Cycle of Cryptosporidium spp. (source: CDC, 2015)
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The exposure to stomach acids and bile salts promotes the excystation of the oocysts,
resulting in release of four motile sporozoites into the small intestine, which adhere and
penetrate the intestinal epithelium. Through a mechanism of host cell-parasite
attachment and subsequent invasion, a sporozoite is encapsulated into a parasite-
modified host membrane (McDonald et al., 1994), the parasitophorous vacuole. The
parasitophorous vacuole of Cryptosporidium is wunique in that it remains
extracytoplasmic on top of epithelial cells. During internalization, a unique highly
invaginated membrane, the feeder and/or adherence organelle, is formed between the
parasite and host cytoplasm (Perkins et al., 1999; Zapata et al., 2002). Subsequently the
trophozoite undergoes asexual reproduction, for schizogony (multiple division) where
each daughter cell is surrounded by its own membrane. Two developmentally distinct
types of meronts are formed: Type-I and Type-II meronts (Current and Rees, 1986).
Both Type-I and Type-II produce merozoites morphologically similar to sporozoites.
Eight merozoites are released from Type-I meronts when mature; these can invade
neighboring enterocytes, increasing the infection level, forming other Type-I meronts, or
can continue the development with the formation of Type-II meronts. Type-II meronts
after cell division, produce four Type-II merozoites, each capable of infecting another
enterocyte, but through unknown mechanisms are developmentally programmed to
differentiate into gametocytes to complete the sexual stage of development. Type-II
merozoites produce either male or female sexual stages i.e. microgametocytes or
macrogametocytes. The microgametocytes can develop up to sixteen non-flagellated
microgametes. The macrogametocytes develop uninucleate macrogamonts. The
microgametes, through an unknown mechanism, fertilize a uninucleate macrogamont
and the resultant diploid zygote undergoes a process similar to meiosis (sporogony)
with developing of four haploid sporozoites within an oocyst (sporulated oocyst). The
resultant oocysts can be with thick-walled or thin-walled. The thick-walled oocysts
(infective oocysts) are shed in the feces, while the thin-walled oocysts are primarily
involved in the process of autoinfection in the gut, increasing the infection level with the

release of infective sporozoites (Current and Rees, 1986).
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2.3.2.3 Epidemiology

Humans - Protozoa of the genus Cryptosporidium have a global distribution (Putignani
and Menichella, 2010). Previous studies have shown that C. parvum and C. hominis are
responsible for >90 % of human cases of cryptosporidiosis in most areas, with the
balance attributable to C. meleagridis, C. canis and C. felis, especially in developing
countries (Xiao and Feng, 2008). Cryptosporidiosis occurs more frequently in infants
and children than in adults, in developed and developing countries (Putignani and
Menichella, 2010; Xiao, 2010).

Due to the huge amount of data, prevalence recorded in humans, animals, water and
food are herewith synthetized and limited, except for vegetables, to the European
scenario.

In the European Nordic countries (e.g Danimark, Finland, Norway and Sweden), the
prevalence of Cryptosporidium spp. was estimated of 0.99% in the asymptomatic (i.e. no
gastroenteric symptoms) and 2.91% in the symptomatic population (Horman et al,
2004). In United Kingdom, the prevalence of Cryptosporidium spp. was of the 1.3% and
C. hominis has been found (Davies et al., 2009).

C. hominis and C. parvum have been documented in Portugal (Alves et al., 2006), Spain
(Llorente et al., 2007; Davies et al, 2009), Poland (Bajer et al., 2008), Belgium (Geurden
et al, 2009), United Kingdom (Chalmers et al., 2011), Ireland (Zintl et al., 2009) and
recently, cases of cryptosporidiosis have been reported in 21 European countries with a
prevalence of 1.96%, where the highest case rate was observed in Ireland (9.04%)
followed by United Kingdom (5.76%), and Sweden (4.03%) (ECDC, 2013). Recently,
human cases of cryptosporidiosis have been attributed to C. ubiquitum in Spain
(Cieloszyk et al, 2012) and in United Kingdom (Elwin et al,, 2012).

In Italy, the prevalence of Cryptosporidium spp. in human was estimated of 0.84-11%
with higher prevalence for C. parvum (90%) (Giangaspero et al, 2007). In
immunocompetent patients, independently of age, the prevalence of cryptosporidiosis
was usually lower than giardiasis, with a range from 1.27% (Moretti et al., 1988) to 5.4%
(Magi et al,, 2006). A high prevalence (8.33-21%) was registered in HIV+ patients
(Brandonisio et al., 1999); a case of pulmonary cryptosporidiosis was described in an
AIDS patient (Palmieri et al, 2005). Recently in Italy, Cryptosporidium spp. has been
identified 14 human isolates, 9 were C parvum and 5 were C. hominis (Drumo et al,

2012).
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Animals - Molecular studies have identified a wide range of Cryptosporidium spp. in
animals worldwide (Ryan et al., 2014) and 152 mammalian hosts emerged to be infected
with C. parvum (Fayer et al,, 2000). Recently, C. ubiquitum (another zoonotic species that
infects humans) has been reviewed in rodents, carnivores, herbivores (Li et al, 2014). In
Europe, several studies indicate that the Cryptosporidium is common in foals and adult
horses, with a prevalence of 6.4% in the UK (Sturdee et al., 2003), 9.4% in Poland and
higher prevalence of Cryptosporidium infection in pigs has been reported in Spain
(21.9%) (Ramirez et al., 2004).

In Italy, infection rates of cryptosporidiosis in farm animals (cattle, sheep, pigs, horse
and poultry) ranged from 8% to 58.3% and in companion animals (dogs) were 3.3%
with higher prevalence of C. parvum than C. homins in both farm and companion animals
(Giangaspero et al., 2007). In recent studies, Cryptosporidium oocysts have been found in

7.7% of the birds and in 18.7% of zoo parrots (Papini et al., 2012).

Water - The ubiquitous presence of Cryptosporidium spp. in the aquatic environment is
explained by the extremely high number hosts that can excrete oocysts, and the
remarkable stability of oocysts (Slapeta, 2013). Thus, water represents an important
vehicle of infection for the population, and waterborne cryptosporidiosis are a serious
public health concern, particularly for populations at risk of severe infection (pregnant
women, children and immunocompromised) (Rochelle and Di Giovanni, 2014).
Furthermore, the World Health Organization has categorized Cryptosporidium as a
reference pathogen for the assessment of drinking water quality (WHO, 2009).
Cryptosporidium as well as Giardia are the most frequently reported waterborne
protozoa worldwide (Baldursson and Karanis, 2011).

In Europe, recent studies have been reported the presence of C. parvum and hominis in
untreated (87.5%) and treated water samples (75.0%) in Spain (Castro-Hermida et al,,
2008) and in Portugal C. parvum and C. hominis in raw and treated water with a
prevalence of 78.9% and 13.2% (Lobo et al,, 2009). In Belgium, C. parvum and C. hominis
have been reported with a prevalence of 41- 44 % (Ehsan et al.,, 2015). In Poland C.
parvum has been detected in all water samples collected from 36 natural water bodies
(Adamska, 2015).

In Italy, the presence of Cryptosporidium was recorded in surface water with a

prevalence ranging from 10% to 100% (Brandonisio et al, 2004; Di Benedetto et al,
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2005; Sacco et al., 2006), in groundwater of 7.1% (Di Benedetto et al., 2005) and in
wastewater from 10% to 100% (Briancesco and Bonadonna, 2005; Di Benedetto et al.,
2005; Lonigro et al., 2006; Marangi et al., 2015b). Molecular typing of Cryptosporidium
was performed in wastewater and in surface water and only C. parvum has been

detected.

Fresh produce - Surveillance studies have reported the presence of Cryptosporidium in
fresh produce worldwide (Dixon et al,, 2015). Studies in Costa Rica and Peru (Monge and
Arias 1996; Ortega et al, 1997a) have shown contamination of numerous raw
vegetables, including basil, cabbage, celery, cilantro, green onions, leeks, lettuce, parsley,
and yerba buena. In a recent study in Costa Rica, Cryptosporidium spp. was detected on
lettuce, parsley, cilantro and blackberries collected from local markets (Calvo et al,
2004). Recently, study on Cryptosporidium contamination in vegetable farms was carried
out in Teheran, Iran (Ranjbar-Bahadori et al, 2013). A total of 496 samples from 115
vegetable farms were collected. The study has revealed that 6.6% of samples were
contaminated with Cryptosporidium species and when wastewater were used to irrigate
vegetable farms, the contamination rate was of 33.3% (Ranjbar-Bahadori et al,, 2013).
Food contamination with Cryptosporidium, however, is not limited to developing
countries. In Norway, a search for parasites in fruits and vegetables was undertaken in
the period from 1999 to 2001 (Robertson and Gjerde 2001); out of 475 samples tested,
29 (6%) have been found positive for Cryptosporidium oocysts and Giardia cysts, of
which 19 (4%) only for Cryptosporidium (lettuce and mung bean sprouts). Concentration
of detected parasite has been generally low (with an average of approximately 1-6
oocysts per 100 g of produce). (Robertson and Gjerde 2001). In Poland, Cryptosporidium
oocysts have been found in 6 (3.6%) out of the 128 vegetables samples between leek,
celery, red and Peking cabbage (range 1-47 oocysts per vegetables) (Rzezutka et al,
2010). In Spain, Cryptosporidium oocysts have been detected on salad products such as
lettuces and Chinese cabbage. Cryptosporidium has been observed in 12 (63,1%)
samples (with an average of 6 oocyst per 50 g produce) out of 19 the salad products. A
higher percentage of positive samples have been observed for Cryptosporidium (76.9%)
in lettuces than in Chinese cabbages (33.3%) (Amoros et al., 2010).

C. parvum was found in pre-packaged leafy green vegetables (Lalonde and Gajadhar,

2016) and “ready-to-eat” leafy greens (Dixon et al, 2013) in Canada; Lalonde and
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Gajadhar (2016) reported C. parvum on 2 (0.17%) samples out of 1171 samples whereas
Dixon et al. (2013) reported the presence of Cryptosporidium in 32 (5.9%) out of the 544

ready-to-eat packaged leafy greens; C. parvum was identified in 29 samples.

The factors that affect the epidemiology of Cryptosporidium are: i) the ability of the
oocysts to be transmitted to humans by contact with infected persons (e.g., from young
children to caregivers) (DuPont et al, 1995; Roy et al., 2004) and animals (Miron and
Kenes, 1991; Sayers et al, 1996) or mainly by ingestion contaminated water and/or food
(Caccio and Putignani, 2014; Dixon, 2015); ii) low infectious dose (10 or fewer oocysts)
and immediate infectivity of the cysts when excreted in feces (Dawson, 2005); iii) high
resistance in cool and damp conditions for long periods (Tamburrini and Pozio, 1999).
Cryptosporidium oocysts can survive for 6 months in different environments (tap water,
river water, seawater and cow faeces) (Robertson et al., 1992). Robertson et al., (1999)
has also reported that snap-freezing of the oocysts and desiccation (between 18 and
20°C) for longer periods (8 h) determined the death of the 100%; slow freezing,
however, is less effective at killing oocysts. Oocysts are very resistant to disinfectants;
routine chlorination of water has no effect. Ozone is highly effective (Peeters et al,
1989).

Outbreaks of cryptosporidiosis have been associated with contaminated water, in
particular with contaminated drinking water, treated recreational water and untreated
water supply (Baldursson and Karanis, 2011). Cryptosporidium spp. was the etiological
agent in 60.3% (120 cases) of the outbreaks, following G. duodenalis in 35.1% (70 cases)
and other protozoa in 4.5% (9 cases). In this review, the source of infection in 32.7% (65
cases) of described outbreaks of Cryptosporidium spp. have been caused through
recreational waters. Geographically, the outbreaks seem to be concentrated in the USA,
Canada, Australia and Europe, especially in the UK and Ireland (Baldursson and Karanis,
2011). Recently, two waterborne outbreaks of Cryptosporidium have been described also
in Sweden involving 27000 persons and then 20000 persons. One suspected source was
sewage water from a few households who discharged the waters directly into a stream,
from which the drinking water was obtained (Guzman-Herrador et al., 2015). Twelve
waterborne outbreak of cryptosporidiosis have been described in the South East of
Ireland in late Spring 2012; eleven cases have been linked to C. parvum and the public

water supply was the only common risk factor identified (Mahon and Doyle, 2017).
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In Italy, cryptosporidiosis is not a notifiable disease and only one study summarizes
waterborne outbreaks of Cryptosporidium in different geographical areas (Brandonisio,
2006).

Outbreaks have been linked to the consumption of contaminated vegetables (Dixon,
2015). Outbreaks of cryptosporidiosis have been associated with oocyst-contaminated
apple cider, unpasteurized milk, prepared foods such as chicken salad, and fresh
produce, including onions, parsleys and carrots in US (Dixon et al, 2011). In 2005 an
outbreak of diarrhea, affecting a group of 99 company employees, was described near
Copenhagen (Ethelberg et al, 2009). All people were ill and 13 were positive for C.
hominis. Disease was associated with food from the canteen. Three separate ingredients
were found to be likely sources: peeled whole carrots served in a bowl of water, grated
carrots, and red peppers. The likely source of infection was an infected food-handler,
who may have contaminated food served at the buffet (Ethelberg et al. 2009). In 2008, a
C. parvum outbreak in Sweden was linked to chanterelle sauce with fresh parsley added
after the preparation of the sauce (Insulander et al, 2008), while in Finland, a salad
mixture was the suspected vehicle for a C. parvum outbreak (Ponka et al., 2009).
Outbreaks linked to RTE salads contaminated with Cryptosporidium spp. have been
documented in Europe. Cryptosporidium spp. was reported in 648 cases across England
and Scotland during 2012; C. parvum was confirmed in 182 cases (McKerr et al, 2015).
In Finland, C. parvum was suspected as a causal agent in 5 (5.7%) of 88 outbreaks
notified in during 2012 (Aberg et al,, 2015).

Recently, the role of the food handlers has been investigated in Venezuela, where
cryptosporidiosis is an important public health problem (Freites-Martinez et al, 2009).
Despite a basic investigation approach, 14 out of 119 fecal samples from food workers
were found positive for Cryptosporidium spp. in association with other protozoa (i.e.
Endolimax nana, Blastocystis hominis, Entamoeba coli, Giardia spp., and E.
histolytica/Entamoeba dispar).

In Italy, foodborne outbreaks of Cryptosporidium have not been recorded.
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2.3.2.4 Pathogenesis

The pathogenic mechanisms by which Cryptosporidium causes diarrhea, malabsorption
and indisposition are usually multifactorial, involving a complex interplay between the
parasite and the host. Various host factors, including age, sex, and the status of the
immune system, influence the outcome of the host-parasite interaction (Okhuysen and
Chappell, 2002). Cryptosporidium does not normally cause a systemic infection or
penetrate deep tissue; rather, the parasite establishes itself in a membrane-bound
compartment on the apical surface of the intestinal epithelium.

Invasion of host cells is restricted to the luminal border of the enterocytes and leads to
displacement of the microvillous border and loss of the surface epithelium, causing
changes in the villous architecture, with villous atrophy, blunting and crypt cell
hyperplasia, and mononuclear cell infiltration in the lamina propria (Meisel et al., 1976;
Farthing, 2000). The enterocyte malfunction has been demonstrated in a pig model by
decreased Na+ absorption caused by villous blunting and increased Cl- secretion due to
crypt cell hyperplasia (Argenzio et al, 1990). These results in overall enhanced
secretion. Disruption and changes in the microvillous border may also lead to the loss of
membrane-bound digestive enzymes, reduction in the absorptive surface and uptake of
fluids, electrolytes and nutrients (Adams et al., 1994; Griffiths et al., 1994). This damage
causes significant abnormalities in the absorptive and in the secretory functions of the
gut, resulting in diarrhea.

It has also been suggested that Crohn’s disease and ulcerative colitis might be
reactivated by Cryptosporidium infection (Manthey et al., 1997), in that loss of intestinal
barrier function, attributable to Cryptosporidium, is similar to changes seen in a variety
of intestinal disorders, including the inflammatory bowel diseases (IBD) Crohn’s disease

and ulcerative colitis (Fiocchi, 1998).

2.3.2.5 C(linical signs

Cryptosporidiosis characteristically results in watery diarrhea that may sometimes be
profuse and prolonged (Chalmers and Davies, 2010). Diarrhea and abdominal pain are
generally the symptoms. The extent of spread and the sites involved determine whether
the infection is clinical or subclinical as well as the overall intensity of the disease.

Other acute symptoms are abdominal pain, nausea or vomiting, pyrexia, anorexia,

malaise, fatigue and weight loss (Fayer and Ungar, 1986).
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The severity of a Cryptosporidium infection can vary from an asymptomatic shedding of
oocysts to a severe and life-threatening disease. Immunocompetent individuals
experience a transient self-limiting illness (up to 2 to 3 weeks). The duration of shedding
of oocysts, from the onset of symptoms to the first negative stool specimen, is between
11 - 28 days in adults and 9 - 50 days in children (Shepherd et al., 1988). Some patients
experience chronic diarrhea of a month or longer and oocysts may continue to be shed
for a mean period of 7 days (range 1-15 days) after symptoms have ceased,
exceptionally for up to 2 months (Jokipii and Jokipii, 1986). However, for
immunocompromised patients, cryptosporidiosis can be a critical illness with persistent
symptoms, chronic watery diarrhea lasting for more than 2 months, leading to
dehydration (Desai et al, 2012). In addition, Cryptosporidium infection can cause
atypical manifestations in immunocompromised patients, such as a typical
gastrointestinal disease, biliary tract disease, respiratory tract disease, and pancreatitis

(Manabe et al., 1998; Hunter and Nichols, 2002).

2.3.2.6  Diagnosis in clinical samples

Traditionally, the identification of Cryptosporidium oocysts was based on microscopic
examination. The iodine-saline wet mount is used in routine screening procedure for
Crvptosporidium detection but it is not permanent (Coppola, 2010). Faeces from patients
with acute cryptosporidiosis do not usually require concentration for detect oocysts.
Although the numbers of oocysts excreted can fluctuate during the course of the
infection, for this reason concentration and staining of the oocysts have used to enhance
the sensitivity of the light microscopy. The techniques for the concentration and
purification of oocysts from fecal samples include formalin-ethyl-acetate concentration
(Weber et al., 1992; Clavel et al., 1996) and formalin-ether (Tahvildar-Biderouni and
Salehi, 2014); sucrose density (Robertson et al., 1992; Bukhari and Smith, 1995; Jenkins
et al, 1997) and zinc sulfate (Bukhari and Smith, 1995) flotation; and Percol
discontinuous density gradient centrifugation (Waldman et al., 1986).

The techniques for the permanent staining of Cryptosporidium oocysts include modified
Ziehl Neelsen technique (Casemore, 1991; Tahvildar-Biderouni and Salehi, 2014);
Kinyoun’s acid-fast staining technique (Parghi et al,, 2014) and the iron-hematoxylin

staining technique (Ferreira et al., 2001).
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Immunological methods have been used widely in the diagnosis of cryptosporidiosis, as
these assays are thought to be more sensitive than conventional staining and more
effective in cases where oocysts numbers are low. Immunological-based techniques
include enzyme-linked immunosorbent assays (ELISA) (Parghi et al., 2014; Jafari et al.,
2015), reverse passive haemagglutination (RPH) (Farrington et al, 1994) and solid-
phase qualitative immunochromatographic assays (Garcia and Shimizu, 2000). Direct
fluorescent-antibody (DFA) assay are used with relatively high specificities (96 to
100%) and sensitivities (98.5 to 100%) for the detection of Cryptosporidium oocysts in
clinical and environmental samples (Graczyk et al,, 1996; Garcia and Shimizu, 1997).
There are also kits that can detect the presence of oo/cysts in feces samples for example
Merifluor Cryptosporidium/Giardia kit (Meridian Diagnostics, Cincinnati, Ohio, USA)
(Grigoriew et al., 1994; Graczyk et al., 1996; Garcia and Shimizu, 1997).

Molecular = methods have been developed for the  detection and
differentiation of Cryptosporidium spp. at the species/genotype and subtype levels
(Samie et al., 2006). These methods include nested PCR-RFLP (Samie et al., 2006),
Nested-PCR (Tahvildar-Biderouni and Salehi, 2014), real-time PCR (Samie et al., 2006;
Hadfield et al., 2011) and multiplex real-time PCR (Stark, et al. 2011). The most used
genes for the detection of the protozoan are the oocyst wall protein (cowp) gene, the
heat shock protein (hsp70) gene, the glycoprotein 60 (gp60) gene and the small subunit
(ssu) rRNA gene (Xiao, 2010).

Techniques have been developed to distinguish between viable and non-viable;
however, they cannot be either considered completely reliable or are very expensive
and/or complex. These are: inclusion or exclusion in fluorogenic vital dyes as 4',6'-
diamidino-2-phenylindole (DAPI) and propidium iodide (PI) (Campbell et al., 1992;
Jenkins et al, 1997; Robertson et al, 2014), fluorescent in situ hybridization (FISH)
assay, which use labelled complimentary oligonucleotide probes for the detection of
rRNA (Lemos et al. 2005), infectivity methods i.e. mice models (Jenkins et al., 1997) or
cell culture (Najdrowski et al, 2007) and reverse transcriptase polymerase chain

reaction (RT-PCR) assays (Jenkins et al., 2000; Nam and Lee, 2010).
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2.3.2.7 Detection methods in vegetables

Methods for the detection of Cryptosporidium spp. in vegetables samples are mainly
based on concentration of the washing solutions used for recovery of the cysts. Washing
solutions used to recover Cryptosporidium oocysts are mainly saline buffer solutions
(Robertson and Gjerde, 2000; Ripabelli et al., 2004; Lonigro et al., 2006; Dixon et al.,
2013; Ranjbar-Bahadori et al, 2013) and glycine buffer solutions (Cook et al., 2007;
Amoros et al., 2010; Dixon et al., 2013; Lalonde and Gajadhar, 2016).

The concentration of the oocysts may be performed by centrifugation (Dixon et al.,
2013; Ranjbar-Bahadori et al., 2013) or centrifugation followed by immunomagnetic
separation (Robertson and Gjerde, 2000; Cook et al., 2007; Di Benedetto et al., 2007;
Amoros et al, 2010), or followed by flotation (Lonigro et al, 2006), and filtration
followed by immunomagnetic separation (Ripabelli et al.,, 2004).

After recovery from vegetables, Cryptosporidium oocysts can be identified by staining
with modified Ziehl-Neelsen’s acid-fast (Ripabelli et al., 2004; Ranjbar-Bahadori et al.,
2013), by fluorescence microscopy using fluorescein isothiocyanate-conjugated anti-
Cryptosporidium monoclonal antibodies (Robertson and Gjerde, 2000; Cook et al., 2007;
Di Benedetto et al., 2007; Amoros et al., 2010; Dixon et al., 2013) or fluorogenic dyes as
4',6'-diamidino-2-phenylindole (DAPI) (Robertson and Gjerde, 2000; Cook et al., 2007;
Amoros et al., 2010).

Recently, various molecular methods have been developed for the identification of
Cryptosporidium on vegetables such as nested-PCR assay (Ripabelli et al., 2004; Dixon et
al, 2013) and qPCR assay (Lalonde and Gajadhar, 2011). Currently the used genes for
genotyping of Cryptosporidium spp. are cowp gene (Ripabelli et al., 2004) and 18S rDNA
gene (Lalonde and Gajadhar, 2011; Dixon et al.,, 2013).

As for Giardia, no viability tests are reported for Cryptosporidium spp. on vegetables.
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2.3.3 TOXOPLASMA GONDII

2.3.3.1 C(lassification and Morphology

Toxoplasma gondii belongs to the phylum Apicomplexa, Class Sporozoasida, Order
Euccidiorida, Family Sarcolystidae) (Uttah et al, 2013). It is an obligate intracellular
parasite that can infect humans as well as all warm-blooded animals, including
mammals and birds. Felids are the definitive hosts and warm-blooded animals are
intermediate hosts (Frenkel et al, 1970).

The parasite has been found, for the first time, in tissues of a hamster-like rodent, the
gundi, Ctenodactylus gundi, by Nicolle and Manceaux (1908).

T. gondii is the only single species in the genus Toxoplasma. Early studies on the parasite
strains from North America and Europe have identified a limited genetic diversity,
which were classified into three genetic types (Howe and Sibley, 1995): Types I (highly
pathogenic), II and III (less pathogenic but more likely to cause infection in immune-
compromised patients) (Sibley and Boothroyd, 1992; Howe and Sibley, 1995; Khan et al.,
2005). Other genotypes and atypical strains are rare in Europe (reviewed by Robert-
Gangneux and Darde, 2012).

T. gondii has three infectious stages: the tachyzoites (in groups or clones), the
bradyzoites (in tissue cysts), and the sporozoites (in oocysts) (Dubey et al, 1998)
(Figure 8 a-d).

Tachyzoites are often crescent shaped, approximately 2 by 6 mm, with a pointed
anterior (conoidal) end and a rounded posterior end. They are limited by a complex
membrane, called the pellicle, closely associated with a cytoskeleton involved in the
structural integrity and motility of the cell (Roos et al, 1999). As for other members of
the phylum Apicomplexa, they concentrate in their apical part a specialized cytoskeletal
structure (the conoid, involved in cell invasion) and numerous secretory organelles
(rhoptries [ROPs], dense granules, amylopectin granules and micronemes). Rhoptries
are excretory structures, each consisting of an anterior narrow neck up to 2.5 mm long
that extends into the interior of the conoid, and a saclike, often labyrinthine posterior
end (up to 1 mm long). In addition, they have a secretory function associated with host
cell penetration, secreting their contents through the plasmalemma just above the
conoid to the exterior (Nichols, 1983) and contain a proteolytic enzyme (Saffer et al,
1992). Micronemes are rod-like structures, which occur mostly at the anterior end of the

parasite (Dubey et al, 1998), and the micropore is a cytosome-like structure formed by
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the invagination of the outer membrane of the pellicle (Nichols et al, 1994). The nucleus
is usually situated toward the central area of the cell and contains clumps of chromatin
and a centrally located nucleolus (Dubey et al., 1998).

Bradyzoites result from the conversion of tachyzoites into a slow-dividing stage and
form tissue cysts. These cysts are more or less spheroid in brain cells and rarely reach a
diameter of 70 um, whereas in muscular cells are elongated and may be 100 pm long
(Dubey, 1993). They vary in size from 10 pum for the younger cysts, containing only two
bradyzoites, to up to 100 pm for the older ones, containing hundreds or thousands of
densely packed bradyzoites. Although tissue cysts may develop in visceral organs,
including the lungs, liver, and kidneys, they are more prevalent in the neural and
muscular tissues, including the brain, eyes, and skeletal and cardiac muscles (Dubey,
1988). The tissue cyst wall consists of a limiting membrane presenting numerous
invaginations and an underlying layer of electron-dense granular material (Ferguson,
2004). It is elastic and thin (0.5 mm thick), and it encloses hundreds of crescent-shaped
bradyzoites, each approximately 7 by 1.5 um in size (Melhorn and Frenkel, 1980).
Bradyzoites differ structurally only slightly from tachyzoites and are more slender than
tachyzoites. They have a nucleus situated toward the posterior end, whereas the nucleus
in tachyzoites is more centrally located (Dubey et al, 1998).

Unsporulated oocysts are subspherical to spherical and are 10 by 12 um in diameter.
Under light microscopy, the oocyst wall consists of two colorless layers. Polar granules
are absent, and the sporont almost fills the oocyst. Each oocyst contains two ellipsoidal
sporocysts measuring from 6 to 8 um (Dubey et al, 1998). Ultrastructurally, the
sporozoite is similar to the tachyzoite, except that there is an abundance of micronemes,

rhoptries, and amylopectin granules in the former (Speer et al, 1998).
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Figure 8 (a-d). The images show tissue cyst in the brain containing bradyzoites and the
thin tissue cyst wall (arrow) (A) and schizonts containing small merozoite (arrow) and
the larger merozoite (arrowhead) stained with Giemsa stain (B), asexual stages (black
arrows), a developing macrogamont (red arrowhead), and oocyst (red arrow) stained
with Hematoxylin and eosin stain (C), a single mlcrogamete (arrow) stamed with Giemsa
stain (D). (source:
Toxoplasma-gondii-from-cats- A Tlssue -cyst-in-the- bram)

2.3.3.2 Biology and Life cycle

As mentioned above, T. gondii have three infective stages: a rapidly dividing invasive
tachyzoite, a slowly dividing bradyzoite in tissue cysts, and an environmental stage, the
sporozoite, protected inside an oocyst.

T. gondii is a tissue-cyst-forming coccidium and it is unique among this group because it
can be transmitted between intermediate and definitive hosts (sexual cycle) and
between intermediate hosts via carnivorism (asexual cycle) or even between definitive
hosts. Sexual and asexual cycles and dynamic transmissions in a given environment vary
according to physical and structural characteristics of both host populations
(intermediate and definitive). Sexual reproduction occurs only in felids (domestic and

wild cats) (Robert-Gangneuxa and Dardé, 2012).
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The life cycle (Figure 9) begins with ingestion of tissue cysts tissues by definitive host
(domestic cats and other felines), the proteolytic enzymes in the stomach and small
intestine destroy the tissue cyst wall. The released bradyzoites penetrate the epithelial
cells of the small intestine, form a parasitophorous vacuole and initiate the development
of numerous generations of T. gondii. Five morphologically distinct types (i.e. types A-E)
of T. gondii develop in intestinal epithelial cells before gametogony begins (Dubey et al,
1972). These forms multiply and the nucleus divides two or more times without
cytoplasmic division (Ferguson et al, 1974). With the last nuclear division, the
formation of the merozoites is initiated near the center of the schizont. The merozoites
eventually move towards the periphery of the schizont and the plasmalemma
invaginates around each merozoite, forming the plasmalemma of the merozoite. Then,
the merozoites separate from the schizont at their posterior ends. This first step is
followed by sexual development and the sexual cycle starts 2 days after tissue cysts
were ingested by the cat. After the formation of the zygote, oocysts are liberated by the
disruption of the cell and excreted as unsporulated forms in cat feces (Robert-
Gangneuxa and Dardé, 2012). Sporulation occurs outside the cat within 1 to 5 days of
excretion depending upon aeration and temperature. It implies a meiotic reduction and
morphological changes leading to the formation of a sporulated oocyst with two
sporocysts, each containing four haploid sporozoites (Ferguson et al, 1979a,b,c).
Prepatent periods (time to the shedding of oocysts after initial infection) are 3 to 10
days after ingesting tissue cysts, 218 days after ingesting oocysts and =13 days after
ingesting tachyzoites (Dubey, 1998). Fewer than 30% of cats shed oocysts after
ingesting tachyzoites or oocysts, whereas nearly all cats shed oocysts after ingesting
tissue cysts (Dubey and Frenkel, 1976 Dubey, 1996). Infected cats can shed more than
100 million oocysts in their feces (Dubey and Frenkel, 1972; Jones and Dubey, 2010) for

several weeks and once during their life.
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Figure 9. Life cycle of Toxoplasma gondii (source: CDC, 2015)
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Within intermediate hosts, the parasite undergoes only asexual development. After
oocyst ingestion, sporozoites are liberated. They penetrate in the intestinal epithelium,
where they differentiate into tachyzoites. Tachyzoites rapidly replicate by endodyogeny
inside any kind of cell (neutrophils, lymphocytes, capillary and lymphatic endothelial
cells, macrophages, fibroblasts and occasionally eosinophils and mast cells) and
disseminate throughout the organism. As result of the conversion from tachyzoite to
bradyzoite, tissue cysts may remain throughout life in most hosts, predominantly in the
brain or musculature (Robert-Gangneuxa and Dardé, 2012). Upon the ingestion of these
tissue cysts by an intermediate host through raw or under cooked meat, cysts are
destroyed in the digestive tract, causing the release of bradyzoites. The bradyzoites
infect the intestinal epithelium of the new host and differentiate in tachyzoite for
dissemination throughout the body (Robert-Gangneuxa and Dardé, 2012). Given that,
the bradyzoites are more resistant to digestion by gastric juices (pepsin-HCI) respect to
the tachyzoites that are destroyed immediately (Jacobs et al., 1960), the tissue cysts are

very important in the life cycle of T. gondii.
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2.3.3.3 Epidemiology

Toxoplasmosis is one of the most common infections in humans and warm-blooded
animals, with a worldwide distribution. In humans, toxoplasmosis has been found in all
parts of the world and it is estimated about one-third of the world’s population is
infected with latent toxoplasmosis with the majority of cases being asymptomatic
(Pereira et al. 2010).

Humans - It is generally assumed that approximately 25 to 30% of the world’s human
population is infected by Toxoplasma. Actually, the prevalence varies widely between
countries (from 10 to 80%) and often within a given country or between different
communities in the same region. Low seroprevalence (from 10 to 30%) have been
observed in North America, in South East Asia, in Northern Europe, and in Sahelian
countries of Africa. Moderate prevalence (30 to 50%) have been found in countries of
Central and Southern Europe, and high prevalence have been found Latin America and
in tropical African countries (reviewed by Robert-Gangneux and Darde, 2012). High
prevalence of toxoplasmosis seroprevalence in females of reproductive age or pregnant
were reported in Latin America, parts of Eastern/Central Europe, the Middle East, and
parts of south-east Asia and Africa (Pappas et al., 2009). In the US, seroprevalence was
estimated of 10.8-11% (Dubey and Jones, 2008), a slight drop from the preceding
decade.

In Europe, toxoplasmosis seroprevalence was estimated of 9.1-57.6% with peaks
reported in Poland and in Romania (Pappas et al. 2009). Recently, incidence or
prevalence at birth of congenitally acquired toxoplasmosis, reported as cases per 10000
live births, have been reported for France (2.9/10000) (Villena et al. 2010), Denmark
(1.6/10000) (Roser et al. 2010). In Europe, the population structure of T. gondii is
markedly clonal, with a predominance of strains belonging to the type II lineage
followed by type I and occasionally type IIl. In France, type II strains represent more
than 90% of isolates from both humans and animals. Type III may be more frequently
encountered in Southern Europe (reviewed by Robert-Gangneux and Darde, 2012).

In Italy, seroprevalence was estimated to be of 17.4-34.4% (Pappas et al. 2009) and a
recently study conducted on pregnant women in a population from Palermo has
estimated a prevalence of anti-Toxo IgG antibodies of the 17.97% (152 on 846) (Puccio
etal, 2014).
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Animals -Toxoplasma infection has been described for more than 350 host species,
mammals and birds, with the vast majority of them living in a wild environment
(Robert-Gangneux and Darde, 2012). Seroprevalence showed a higher seropositive in
wild felids (in zoo and free-ranging) (up to 100%) compared with domestic cats (up to
80%) (reviewed by Jones and Dubey, 2010).

Seroprevalence of T. gondii infection in swine is up to 70%, in sheep and/or lamp is near
to 100%, in goat ranging from 3.7% to 81.8% and in cattle is up to 83.3%, worldwide. In
Europe, seroprevalence of T. gondii infections in swine and in sheep ranging from 0.4%
to 36% and 20.5% to 89%, respectively (reviewed by Guo et al., 2015). Rates of
seroprevalence reported for goats vary from 4 to 77%, while in horses is generally lower
(Robert-Gangneux and Darde, 2012).

Special interest has recently been focused on marine mammals. A variety of marine
mammals (sea otters, dolphins, seals, and walruses) has been found to be infected, with
prevalence ranging from 47 to 100%. These marine mammals serve as sentinels of
environmental contamination by oocysts via freshwater runoff into the marine
ecosystem (Conrad, 2005).

In Italy, recent studies have documented a high prevalence of both T. gondii antibodies
and (Toxoplasma Type 1) oocysts in colony cats (Mancianti et al., 2010; 2015) and
several contributions have been published on the positivity to T. gondii of intermediate
hosts to but few investigated the lineages, except the most recent ones carried out in
free-range and industrial pigs in which the presence of T. gondii Type I, Type Il and Type
[/1I (Bacci et al., 2015; Papini et al., 2017) lineages was demonstrated.

Water - Twelve surveillance studies reported the presence of T. gondii in different kinds
of water such as surface waters, wastewaters, drinking waters and recreational water
from Asia, Latin American and Europa with a prevalence ranging from 5% to 56.2%. In
particular, T. gondii was detected in waste and drinking water, with a prevalence rate up
to 50%. In Europe, T. gondii has been recorded in various water sources only in Bulgaria,
Greece, France, Germany and Poland with a prevalence ranging from 5% to 44.4%
(reviewed by Plutzer and Karanis, 2016). In Italy, surveillance studies that report the
presence of T. gondii have not been registered. Contact with soil has been identified as a
strong risk factor in a European multicenter case-control study, and a percentage of the

6-17% of primary infections in humans were attributed to this risk factor (Cook et al.,
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2000). Contaminated water and soil may act as vehicles for the transfer of oocysts to
vegetables and fruit for human consumption, although there are few data available to

confirm this.

Fresh produce -T. gondii has been recorded with a prevalence of the 6.6% out of 470
leafy vegetables in Saudi Arabia (Al-Megrin et al., 2010). In Pakistan, T. gondii has been
observed on 3 (1.9%) (lettuce, coriander and beet) out of 500 samples between leafy
vegetables, roods and fruits (ul-Haq et al,, 2014). In South America, out of 238 samples
of vegetables, the prevalence of T. gondii DNA has been of the 0.6% (1/62) in smooth
lettuce, 3.7% (4/106) in crisp head lettuce, 5% (2/40) in chicory, 14.3% (1/7) in rocket
and 20% (1/5) in parsley (Marchioro et al., 2016).

In Europe (i.e. Poland), one study report the presence of T. gondii DNA in 21 (9.7%) out
of 216 fruits and vegetables. Among the 21 tested positive samples, six were T. gondii
Type I and two were Type Il (Lass et al., 2012).

In Canada, T. gondii DNA has been identified in 3 (0.26%) samples of baby spinach out
of 1171 samples of pre-packaged leafy green vegetables or bulk leafy greens from
domestic (24.25%) and imported (75.75%) sources between April 2014 and March
2015 (Lalonde and Gajadhar, 2016).

Epidemiological studies have shown that toxoplasmosis can be transmitted to humans
by three principal routes. First, humans can eat raw or inadequately cooked infected
meat (especially pork, mutton, and wild game meat) or uncooked foods that have come
in contact with infected meat. Second, humans can inadvertently ingest oocysts that cats
have passed in their feces, either in a cat litter box or in soil (e.g., soil from gardening or
unwashed fruits or vegetables) (Jones et al, 2011). Third, a woman can transmit the
infection to her unborn fetus because the parasite can cross the placenta and infect the
fetus (congenital transmission) (Hampton, 2015). The oocysts play an important role in
the transmission of T. gondii. They can infect a wide range of intermediate hosts,
virtually all warm-blooded animals, from mammals to birds, when ingested with food or
water (Jones and Dubey, 2010, 2012).

Oocysts can survive in the environment for long periods and are highly resistant to
disinfectants and freezing (Jones and Dubey, 2010); for example, oocysts can survive at

-21°C for 28 days (Frenkel and Dubey, 1973) but are killed by temperatures above 60°C

55



(Dubey, 1998b). Ultraviolet rays also will inactivate oocysts, depending on the dose
(Wainwright et al., 2007; Dumeétre et al., 2008). Another factor to consider in the
transmission of toxoplasmosis is the low infectious dose, although it has not yet been
estimated (Dubey et al., 1996; Fayer et al., 2004).

Waterborne outbreaks of toxoplasmosis in humans were reported in many areas of the
world. Up to the year 2010, least 525 water-associated outbreaks of protozoan disease
have been reported worldwide and T. gondii has been the etiological agent in 10
reported waterborne outbreaks (1.9%). The reporting countries were Brazil, Panama,
Canada, French Guinea and India (Karanis et al., 2007; Baldursson and Karinis, 2011).
Foodborne infection of toxoplasmosis in human has been attributed to ingestion of raw
or undercooked ground beef, lamb, pork, venison (reviewed by Jones and Dubey, 2012)
and unpasteurized goat’s milk contaminated (Sacks et al., 1982).

Despite the presence of T. gondii in fruits and vegetables, confirmed outbreaks

associated with their consumption have not been documented.

2.3.3.4 Pathogenesis

When the organism is ingested, bradyzoites from the tissue cysts or sporozoites released
from oocysts penetrate the intestinal epithelial cells and multiply in the intestine.
Attachment to the host cell membrane is a prerequisite for invasion. It requires the
calcium-dependent secretion of adhesins from micronemes, such as the microneme
protein MIC2, which recognize host cell receptors and promote the reorientation and
attachment of the parasite. Cell invasion relies on a complex interaction between the
host cell surface and the parasite, promoted by actin-myosin interactions and dynamic
rearrangements of the parasite cytoskeleton (Carruthers and Boothroyd, 2007).
Attachment to the host requires also the distribution over the entire surface of the
parasite of an apical membrane antigen (AMA1), also secreted by micronemes, and the
secretion of rhoptry (ROP) neck proteins (RONs) inserted into the host cell membrane
(Dubremetz, 2007).

The pathogenic role of Toxoplasma is represented by the ability of the parasite to spread
both locally to mesenteric lymph nodes and to distant organs by invading the lymphatics
and blood. Necrosis in intestinal and mesenteric lymph nodes may occur before those
other organs may become severely damaged and focal areas of necrosis may develop in

many organs (Dubey, 1996). T. gondii does not produce a toxin but the necrosis is
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caused by intracellular multiplication of tachyzoites (Dubey, 1996). In addition,
virulence experiments defined in mouse models after the intraperitoneal inoculation of
a given number of tachyzoites have shown that Type I isolates are highly virulent,
leading to the death of mice less than 10 days after the inoculation of <10 tachyzoites,
while Type II or III strains are considered avirulent strains, allowing survival after the

inoculation with >103 tachyzoites (Robert-Gangneux and Darde, 2012).

2.3.3.5 C(linical signs

The infection presents with a wide range of clinical manifestations in infected mammals,
including humans (Akyar, 2011). When symptoms develop, they are nonspecific and
include malaise, fever, sore throat, and myalgia. Clinical manifestations of toxoplasmosis
are caused by cell destruction due to multiplying tachyzoites, which most commonly
affect the brain, liver, lungs, skeletal muscles and eyes. Oocyst-induced infection may be
more severe than that induced by ingestion of tissue cysts. Signs may persist for one to
twelve weeks but more severe disease is very rare in immunocompetent individuals
(Tenter et al,, 2000).

Infection may be associated with other diseases such as HIV/AIDS in humans or
immunosuppressive therapy in any species (Akyar, 2011).

Toxoplasmic encephalitis is the most common clinical presentation of toxoplasmosis
among persons with AIDS and it is usually the result of reactivation of latent tissue cysts
(Luft et al, 1983, 1984; Wong et al, 1984; Israelski et al, 1993). The clinical
presentation often includes focal encephalitis with headache, confusion, motor
weakness and fever and, if not treated, can progress to seizures, stupor and coma (Luft
et al, 1983; Wong et al.,, 1984). Speech abnormalities and hemiparesis are the most
common focal neurological findings (Luft et al,, 1993).

Prenatal infection is the direct consequence of a primary infection of the mother during
pregnancy. Congenital transmission occurs during acute toxoplasmosis in a seronegative
mother when tachyzoites present in the blood may cross the placenta and infect the
fetus (Jones, Lopez et al. 2003; Montoya and Remington 2008). Congenital
toxoplasmosis has varying effects on the growing fetus. Various clinical manifestations
involve prematurity to perinatal death. Presentation of congenital infection may result
in severe impairment particularly on the developing fetus’ brain and eyes; ocular

toxoplasmosis is a consequence of prenatal infection. The clinical picture presents
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necrotizing retinitis with variations of the lesion in size, number, and aspect. Lesions can
be either monolateral or bilateral. More rarely, but not less serious, are the
manifestations of anterior uveitis, and inflammation of sclera and papilla (Hall et al.,
2009).

The characteristic triad of congenital toxoplasmosis (chorioretinitis, hydrocephalus, and
cerebral calcifications) most commonly identifies the presence of active congenital
disease (Hampton et al., 2015). The major fetal implications of congenital toxoplasmosis
occur early in pregnancy, generally in the first trimester. Grave implications of first
trimester transmission of toxoplasmosis include miscarriage, stillbirth, or serious fetal
damage, such as retinochoroiditis, endocranial calcification, hydrocephaly, and
microcephaly (Jones et al., 2009b). In the later stages of pregnancy, on the other hand, T.
gondii infections are sub-clinical, even though retinochoroiditis and neurological

disorders are sometimes found (Bossi and Bricaire, 2004).

2.3.3.6  Diagnosis in clinical samples

In feline feces, oocysts of T. gondii can be detected by flotation but this finding has
limited clinical significance because the presence of oocysts is not correlated with
development of disease in the cat. Toxoplasma oocysts are morphologically
indistinguishable from those of Hammondia sp. and Besnoitia sp., which may also be
present in feline feces.

Tissue cysts can be stained, helping to distinguish the parasites from host cells. Giemsa
and Haematoxylin and Eosin (HE) staining are commonly used for this purpose (Dubey
and Carpenter, 1993; Gordon et al., 1993; da Silva et al., 2010). Periodic acid schiff (PAS)
can stain amylopectin granules in bradyzoites (da Silva et al., 2010). These methods are
relatively time consuming and require considerable skill to obtain reliable detection
results.

Serological assays are the first diagnostic tests used in detection of current and past
infection (Liu et al.,, 2015).

Determining when T. gondii infection occurred in a pregnant woman is important
because infection before conception poses little risk for transmission of infection to the
fetus; however, infection after conception does pose such risk. The presence of elevated
levels of Toxoplasma-specific IgG antibodies indicates infection, but does not distinguish

between an infection acquired recently and one acquired in the distant past. The
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presence of elevated levels of Toxoplasma-specific IgG antibodies indicates infection, but
does not distinguish between an infection acquired recently and one acquired in the
distant past. In acute infection, IgG and IgM antibodies generally rise within 1 to 2 weeks
of infection. Detection of Toxoplasma-specific IgM antibodies are used as an aid in
determining the time of infection, but IgM antibodies persist for up to 18 months post-
infection. A negative IgM with a positive IgG result indicates infection at least 1 year
previously. A positive IgM result may indicate more recent infection or may be a false-
positive reaction (Jones et al., 2001). A variety of serological tests, such as dye test (DT),
modified agglutination test (MAT), enzyme-linked immunosorbent assays (ELISA),
immunosorbent agglutination assay (ISAGA), indirect fluorescent antibody test (IFAT)
and indirect haemagglutination assays (IHA), have been developed to detect different
antibody classes or antigens (Liu et al., 2015).

Molecular methods are used in addition to conventional serological methods for the
diagnosis of toxoplasmosis. Conventional methods are usually not misleading, but are
limited in prenatal cases or in immunocompromised patients. Several multicopies
targeting genes are usually used for the detection of T. gondii in biological samples,
including the B1 gene, the 529 bp repeat element and the internal transcribed spacer
(ITS-1) or 18S rDNA sequences (Liu et al,, 2015).

Real-time PCR can detect low concentrations of target DNA and quantify copies of
specific template DNA. The amplification product is measured during each cycle using
probes or intercalating dyes, and can be quantified using the standards at known
concentration. Real-time PCR has been successfully used to detect T. gondii DNA in
human amniotic fluid, cerebrospinal fluid, blood and aqueous humor (Dworkin et al.,
2002; Kompalic-Cristo et al., 2007; Kasper et al., 2009; Nogui et al., 2009). The real-time
PCR assay with the B1 gene is considered as the best-performing technique for diagnosis
of congenital toxoplasmosis, compared with conventional PCR and nested-PCR (Teixeira
et al, 2013). Genotyping methods based on molecular technologies including
microsatellite analysis, multilocus sequence typing, PCR-RFLP, RAPD-PCR, and high-
resolution melting (HRM) analysis, have been developed (reviewed by Liu et al,, 2015).
In addition, serotyping methods based on polymorphic polypeptides have been
developed from the T. gondii antigens SAG2A, GRA3, GRA6, and GRA7. These can
accurately recognize the Type I, I, and III in mice (Kong et al., 2003).
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Techniques have been developed for determining the viability of Toxoplasma oocysts;
however, they either cannot be considered completely reliable or are very expensive
and/or complex. These are such as fluorogenic substrate i.e. fluorescein-3',6'-diacetate
(Ziegler and Buchholz, 1975), reverse transcriptase polymerase chain reaction (RT-PCR)
(Cultrera et al., 2002) and infectivity methods using mice models (Gomez-Samblas et al.,
2016).

2.3.3.7 Detection methods in vegetables

The most recent concentration methods of the oocysts of Toxoplasma in vegetables are
based on the concentration (Al-Megrin et al, 2010; Lalonde and Gajadhar, 2016;
Marchioro et al., 2016) and flocculation (Lass et al., 2012) of the washing solutions used
for recovery of the oocysts. Concentration methods use different washing solutions to
elute of the oocysts i.e. i) physiological saline solution (Al-Megrin et al., 2010), ii) glycine
buffer solution followed by a flotation (Lalonde and Gajadhar, 2016) and iii) Tween 80
solution (Marchioro et al., 2016), whereas flocculation method described by Lass et al.
(2012) provide different solutions such CaCOs3 solution, NaHCO3 solution and NH303S
solution in order to obtain a pellet by precipitation. The concentration of the oocysts
may be performed by centrifugation (Lass et al., 2012; Lalonde and Gajadhar, 2016) or
filtration followed by centrifugation (Al-Megrin et al., 2010; Marchioro et al., 2016)

After recovery from vegetables, the Toxoplasma oocysts can be identified by light
microscopy adding a drop of Lugol iodine (Al-Megrin et al, 2010) or by various
molecular methods i.e. PCR-RFLP assay (Lass et al, 2012), qPCR assay (Lalonde and
Gajadhar, 2016) and PCR assay (Marchioro et al, 2016). The genes used for the
detection of Toxoplasma gondii are B1 gene (Lass et al.,, 2012; Marchioro et al., 2016)
and 18S rDNA (Lalonde and Gajadhar, 2016).
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2.34 CYCLOSPORA CAYETANENSIS

2.3.4.1 C(lassification and Morphology

C. cayetanensis belongs to the phylum Apicomplexa, subclass Coccidiasina, order
Eucoccidiorida, family Eimeriidae (Ortega et al, 1994). The first published report of
Cyclospora infection in humans was described in two children and a woman in Papua
New Guinea by Ashford (1979). Eighteen species of Cyclospora have been described in
several animal species. Cyclospora viperae, C. glomericola, C. babaulti, C. tropidonoti, C.
anglomurinensis, C. caryolytica, C. talpae, C. ashtabulensis, C. megacephali, C. parascalopi,
C. niniae, C. scinci, and C. zamenis in vipers, moles, myriapodes, and rodents (Lainson,
2005), C. cercopitheci in green monkeys, C. colobi in colobus monkeys, and C. papionis in
baboons (Eberhard et al, 1999). These species cannot be differentiated by light
microscopy, as they are morphologically similar. C. cayetanensis is the only species
described in humans (Ortega et al., 1993, 1994).

Cyclospora oocysts are small and spheroidal in shape with a diameter of 7.7-9.9 um. It
appears as non-refractive spheres that contain a cluster of refractive membrane-bound
globules enclosed within a membrane (morula) (Long et al, 1991) (Figure 10 a-d).
Sporulated oocyst has two ovoid structure called sporocysts (4 to 6.3 um) and each
sporocyst has two sporozoites (1.2 to 9 um) (Ortega et al, 1993, 1994). By light
microscopy (high magnification), meronts Type I measure 0.5 X 3-4 mm while meronts
Type II measure 0.7 0.8 X 12-15mm. Merozoites from both types of meronts have
typical structures of coccidia, including rhoptries, micronemes, and nuclei (Ortega et al.,
1997b; Connor et al., 1999). Macrogametocytes have characteristic wall-forming bodies

Types I and II, and polysaccharide granules (Ortega et al., 1997b).

Figure 10 (a-d). Cyclospora oocysts. The images show unsporulated (A) and sporulated
(B) oocysts and oocysts detected by autofluorescence (C) or modified acid-fast stain (D).
(source: Ortega and Sanchez, 2010)
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2.3.4.2 Biology and Life Cycle

C. cayetanensis is an obligate intracellular parasite with a life cycle not fully
characterized. It appears to be monoxenous, requiring a single human host to complete
the entire life cycle, since both asexual and sexual stages have been observed in the
same host (Sun et al., 1996; Ortega et al., 1997b; Connor et al., 1999). The life cycle is
complex and follows the patterns described for other enteric coccidia, which involve a
merogonic cycle with two generations of meronts, a gametogonic cycle with
macrogametes and microgametes and zygotes, and a sporogony (Ortega et al., 1997b;

Connor et al,, 1999) (Figure 11).
Figure 11. Life cycle of Cyclospora cayetanensis (source: CDC, 2015)
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Infection start when a susceptible person ingests food or water contaminated with
sporulated oocysts (Ortega and Sanchez, 2010). In the gastrointestinal tract, the oocysts
excyst release sporozoites, which infect the epithelium cells lining the small intestine, in
particular the jejunum (Sun et al, 1996; Ortega et al, 1997b). The sporozoites and
subsequent stages are located within the cytoplasm in a supranuclear position and are

surrounded by parasitophorous vacuoles (Sun et al.,, 1996). Once inside the epithelial
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cells (enterocytes), the sporozoites transform into trophozoites, which undergo asexual
proliferation by merogony to form meronts, which contain merozoites. Two types of
meronts develop; type I meronts contain 8-12 merozoites which penetrate in host cells
and form type II meronts which contain four merozoites. Once released, the type II
meronts enter in other intestinal cells and starts the sexual phase by producing
microgametocytes (male) or macrogametocytes (female). The microgametocyte
fertilizes the macrogametocyte and produces a zygote. The zygotes differentiate into
unsporulated oocysts, which are released into the lumen of the intestinal and after in the
faeces. Unsporulated oocysts (and therefore non-infectious) are released in the
environment. Oocysts require a few days to weeks, depending on climatic factors, to

mature in the environment into the infective sporulated oocysts (Ortega et al., 1998).

2.3.4.3 Epidemiology

Humans - Cyclosporiasis is endemic in several tropical and subtropical developing
countries with a prevalence up to 13% in immunocompetent individuals (adults and /or
children) and up to 36% in immunocompromised persons, mostly HIV/AIDS patients
(Chacin-Bonilla, 2010). Cyclospora oocysts have been detected in China (0.70%) and C.
cayetanensis was identified with a prevalence of 0.30% (Zhou et al., 2011). In Turkey,
Cyclospora oocysts have been observed in 129 (5.7%) out of 2281 individuals (Karaman
et al., 2015). In India, C. cayetanensis has been reported in immunocompetent and
immunocompromised individuals with an overall prevalence of 2.4% (Yadav et al,
2015),

In industrialized countries, cyclosporiasis have been observed mainly in tourists or
expatriates visiting countries where the disease is endemic (0.6%) (reviewed by Ortega
and Sanchez, 2010). The first case of C. cayetanensis infection in international travelers
was performed in Germany in 1997 (Jelinek et al. 1997); out of 795 patients, infections
with C. cayetanensis have detected in five subjects (1.1%).

In Italy, a few cases of cyclosporidiosis have been registered; Cyclospora has been
detected in two patients returned from Nepal and South America (Scaglia et al., 1994;
Drenaggi et al., 1998), in two AIDS patients (Maggi et al., 1995). Recently in Central Italy,
C. cayetanensis has been detected in eight patients, five were Italians, and three of these
returned from endemic areas (Masucci et al., 2008, 2011). The highest rate has been

reported in adults than 45-65 years of age (Masucci et al., 2011). In southern Italy,
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Apulia, 11(27.5%) out of 40 samples were positive to C. cayetanensis (Giangaspero et al.,

2015b).

Animals -A few reports have described the presence of Cyclospora oocysts in the feces of
chickens (Mexico) (Garcia-Lopez et al, 1996) and dogs (Brazil) (Yai et al, 1997).
Attempts to infect different animals (rodent, chickens, ducks, rabbits, hamsters, ferrets,
pigs, dogs and monkeys) with C. cayetanensis have been unsuccessful, suggesting host
specificity (Eberhard et al, 1999). Chu et al. (2004) identified C. cayetanensis in domestic
animals by PCR, but whether these findings represent true or spurious infections
remains to be clarified. Other studies have been described the presence of Cyclospora-
like oocysts (4.5%) in zoo animals (non-human primates, carnivores, and artiodactyla)
in Spain (Perez et al., 2008). Recently, C. cayetanensis has been found in non-human
primates in Italy, but oocysts of Cyclospora for morphological identification/description
were not detect (Marangi et al., 2015a).

Surveillance studies reported the presence of Cyclospora spp. in different kinds of water
such as surface waters, wastewaters and drinking waters worldwide with a prevalence
ranging from 0.24% to 63.6%, in particular C. cayetanensis was detected in waste and

tap water, with a prevalence rate up to 60% (reviewed by Plutzer and Karanis, 2016).

Water - C. cayetanensis has been detected or inferred to occur in wastewater in countries
endemic for cyclosporosis, including Peru (Sturbaum et al., 1998), Nepal (Sherchand et
al, 1999), Tunisia (Ben Ayed et al., 2012) and USA (Kitajima et al., 2014). Cyclospora
oocysts have also been detected in water used for the irrigation or processing of
vegetables in Cambodia (Vuong et al,, 2007) and Vietnam (Tram et al., 2008).

In Europe, Cyclospora has been recorded in various water sources only in two countries.
In Spain, Cyclospora has been found in drinking, river water and wastewater at a
prevalence of 6%, 13% and 2%, respectively (Galvan et al., 2013). In Italy, Cyclospora
DNA has been detected in 30% of the 10 tap water samples from the toilets on Italian
trains (Giangaspero et al., 2015a), and in treated water and well water used for the
irrigation of the vegetables at a prevalence of 30%, 21.3% and 6.2%, respectively. In this
study, Cyclospora DNA was also detected in 6 (11.8%) out of 51 soil samples irrigated

with treated wastewater (Giangaspero et al., 2015b).
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Fresh produce - Surveillance studies reported the presence of C. cayetanensis in fresh
fruits and vegetables in Asia (i.e. Nepal, Cambodia and Vietnam) and South America (i.e.
Costa Rica) with a prevalence ranging from 1.7% to 11.6% (reviewed by Dixon, 2015).

In Europe, Cyclospora has been reported only in Italy by Giangaspero et al. (2015b). In
this report Cyclospora DNA has been detected on 6 (12.2%) out of 49 vegetable samples
as fennel, tomato, cucumber and celery, with the highest prevalence (18.7%) on fennel.
Recently, C. cayetanensis have been also found in 6 (0.51%) out of 1171 pre-packaged
leafy greens (Lalonde and Gajadhar, 2016) and in 9 (1.7%) out of 544 ready-to-eat
packaged leafy greens in Canada (Dixon et al., 2013).

Direct person-to-person transmitted is unlikely because the oocysts spread from
individuals are not infectious and require extended periods of time outside the host to
sporulate (Ortega and Sanchez, 2010), thus, a transmission vehicle must be involved.
Oocysts can survive in water at 4°C for 2 months and at 37°C for 7 days (Smith et al.,
1997; Ortega et al, 1998). The oocysts are resistant to many disinfectants including
chlorine at levels used in water treatment (Soave et al., 1998). Sathyanarayanan and
Ortega (2004) have demonstrated that unsporulated C. cayetanensis oocysts are
resistant to pesticide commonly used. A study has demonstrated that sporulation can be
prevented after 2 days at - 20°C or - 70°C and 70°C for 15 minutes (Sathyanarayanan
and Ortega, 2006). Another factor to consider in the transmission of cyclosporiasis is the
low infectious dose, although it has not yet been estimated (Sterling and Ortega, 1999).
Epidemiological studies have shown that consumption of untreated water and lack of
adequate sanitation are associated with increased risk of Cyclospora infections (Ortega
and Sanchez, 2010). Up to the year 2010, least 524 water-associated outbreaks of
protozoan disease have been reported worldwide and C. cayetanensis has been the
etiological agent in nine reported waterborne outbreaks (1.7%) (Karanis et al., 2007;
Baldursson and Karinis, 2011). The presence of C. cayetanensis in aquatic ecosystems
suggests the importance of waterborne oocysts in the spread of infection.

Outbreaks of cyclosporiasis have been also associated with contaminated fruits and
vegetables in Asia (i.e. Nepal and Indonesia) and Southern America (i.e. Mexico,
Columbia, Guatemala and Peru) (Chacin-Bonilla, 2010).

In the United States, foodborne outbreaks of cyclosporiasis since the mid-1990s have

been linked to various types of imported fresh produce, including raspberries, basil,
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snow peas, and mesclun lettuce. Imported berries from Guatemala were the implicated
vehicles whereas mesclun lettuce and basil that have been not imported from endemic
countries have been implicated in outbreaks in the United States (CDC, 2015).

Outbreaks of C. cayetanensis infections have been registered in Europe. In Germany, a
cyclosporiasis outbreak that has involved 34 (85%) out of 40 people has been associated
with the consumption of salads, imported from France and Southern Italy (Doller et al.,
2002). In Sweden, an outbreak of C. cayetanensis infection involving 12 laboratory-
confirmed and 6 probable cases was detected during May and June 2009. Imported
sugar snap peas from Guatemala was the suspected vehicle (Insulander et al., 2010). In
the United Kingdom, C. cayetanensis was identified in 79 returned travelers from the
Riviera Maya region of Mexico between June and September 2015. The infections have
been attributed with consumption of fresh products as fruits (strawberries or
raspberries), vegetables and fresh herbs (coriander), and consumption of bottled water,
ice and drinks (Nichols et al., 2015).

In Italy, Cyclospora foodborne outbreaks associated with fruits and/or vegetables have

not been registered.

2.3.4.4 Pathogenesis

The mechanisms of pathogenesis of Cyclospora infections by which it interacts with
human host target cells and potential virulence factors are poorly understood; however,
histological studies have allowed to take on more information about the histopathology
of this infection (Connor et al., 1993, 1999; Sun et al., 1996; Ortega et al., 1997b).
Moderate to severe erythema of the distal duodenum, acute and chronic inflammations
of the lamina propria are observed in patients with Cyclospora infections (Connor et al,,
1999). Other alterations have been described as alterations of the epithelial tissue as
focal vacuolization at the tips of the villi of the surface epithelium, loss of the brush
border, alteration of cells from a columnar to cuboid shape, crypt hyperplasia, epithelial
disarray, and partial villous atrophy (Connor et al., 1999).

Sun et al. (1996) described the presence of multiple parasitic vacuoles containing
asexual-stage Cyclospora organisms in intestinal biopsies of an HIV-positive patient who
had just returned from the Dominican Republic. This patient had a low CD4* cell count

(224 cells/pl) and presented with chronic inflammation of the duodenum and stomach.
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Organisms were present in the supranuclear location of the mucosal villi and absent in
the crypts.

Ortega et al. (1997b) described an altered mucosal architecture with shortening and
widening of the intestinal villi due to diffuse edema and infiltration by a mixed
inflammatory cell infiltrate from patients with gastrointestinal disorders. The presence
of sexual-stage coccidian organisms has been reported in 17 patients with Cyclospora
infection.

Biopsies of these patients showed also diffuse edema and infiltration of the villous
mucosa by mixed inflammatory cells. Plasma cells and lymphocytes were notoriously
present, and eosinophils were numerous in 4 out of 17 cases. In some C. cayetanensis
infected patients were documented also impairment of D-xylose absorption (Shlim et al.,

1991).

2.3.4.5 C(linical signs

Clinical signs of C. cayetanensis occur as acute, self-limiting illness lasting for few days, or
chronic diarrhea. Diarrhea is usually watery and lacks blood or inflammatory cells, and
often occurs in cyclical patterns alternating with constipation (Soave et a., 1998). The
other symptoms include anorexia, nausea, flatulence, fatigue, abdominal cramping,
bloating, low-grade fever, and weight loss (Ortega et al., 1997b; Connor et al., 1999). The
incubation period for Cyclospora infection ranges from 2 to 14 days.

Symptoms associated with cyclosporiasis are more severe in HIV/AIDS patients as
severe weight losses and a more prolonged illness compared to non-AIDS patients
(Sifuentes-Osornio et al., 1995). Biliary diseases have also been reported after
Cyclospora infections (Sifuentes-Osornio et al,, 1995; de Go'rgolas et al.,, 2001). Studies
reported also Guillair-Barre syndrome and Reiter syndrome after diarrheal illness by

Cyclospora (Richardson et al., 1998; Connor et al., 2001).

67



2.3.4.6  Diagnosis in clinical samples

The diagnosis of Cyclospora oocysts is based on microscopic observations of fecal
samples or in biopsy specimens, or through molecular techniques, or viability studies.
Samples can be stored in 2.5% potassium dichromate for sporulation or molecular
detection and in 10% formalin for direct microscopy, concentration procedures, and
staining or frozen for molecular testing and long-term archiving (Ortega and Sanchez,
2010). Multiple stool samples from the same person at 2 to 3 day intervals may enhance
the chance of detecting infection that have intermittent shedding and/or small numbers
of oocysts (Eberhard et al.,, 1997). The most used technique for the concentration of
samples is ethyl acetate-formalin sedimentation (Ortega and Sanchez, 2010). Cyclospora
oocysts can be concentrated prior to the microscopic observation or as a primary step in
the purification of the parasite. Other concentration methods are sugar flotation
technique (Negm, 1998; Kimura et al, 2004), formalin-ether sedimentation (Negm,
1998; Kimura et al., 2004) and Renocal-sucrose gradient sedimentation (Riner et al.,
2007) and discontinuous Percoll gradient (Medina-de la Garza et al., 1997). Cyclospora
can be identified by phase-contrast microscopy or bright-field microscopy during
examination of specimens for the ova and parasites (Ortega and Sanchez, 2010).
Cyclospora oocysts can be stained using permanent stains. They are acid-fast, and
laboratory diagnosis can identify oocysts of Cyclospora in stool samples using simple
inexpensive staining techniques like Ziehl-Neelsen. Cyclospora oocysts stain variably
with MZN acid-fast stain and may appear unstained, pink or dark red (Clarke and
MclIntyre, 1996). Care should be taken during the detection because the oocysts of
Cyclospora could be confused with Cryptosporidium (Cyclospora 8-10 pm - twice the size
of Cryptosporidium). Another stain used is the Safranin; it stains oocysts uniformly
(98%) when the fecal smear (Visvesvara et al., 1997). Cyclospora could be detected in
the tissue biopsies by histological examination of tissue stained with hematoxylin and
eosin (Sun et al,, 1996)

Particular attention is drawn to the role of fluorescent microscopy in providing a rapid,
inexpensive, and sensitive technique for diagnosis of Cyclospora infections in stool
samples. They are autofluorescence and can be detected under an epifluorescence
microscope, using a 450-490nm dichroic mirror excitation filter (Long et al., 1991;

Ortega et al., 1994).

68



Serological assays to determine human exposure to Cyclospora are not yet available.
However, attempts to determine a serological immune response were done using
immunofluorescence-antibody (IFA) microscopy (Clarke and McIntyre, 1997).

Different molecular techniques have been developed for the identification of Cyclospora.
There are several PCR assays currently available for detection of C. cayetanensis DNA,
such as conventional PCR (Lalonde and Gajadhar, 2008; Orozco-Mosqueda et al., 2014),
nested amplification (nested-PCR) (Lopez et al., 2001; Yadav et al., 2015) and restriction
fragment length polymorphism (RFLP-PCR) (Shields and Olson. 2003). Genes normally
used for research of protozoan are the internal transcribed spacer 2 (ITS-2) and the 18S
ribosomial (rRNA) (Ortega and Sanchez, 2010). Other techniques highly sensitive and
specific for reliable detection of C. cayetanensis oocysts are the quantitative real-time
PCR (Varma et al., 2003; Giangaspero et al., 2015b) and multiplex PCR (Taniuchi et al,
2011).

Currently, there are no animal models or in vitro cultivation methods to determine the
infectious potential of Cyclospora (Eberhard et al., 2000; Ortega and Sanchez, 2010).

Two alternatives have been proposed to determine the viability of C. caytanensis
oocysts. The first method is to determine if unsporulated oocysts sporulate followed by
excystation (Smith et al, 1997). The second alternative is electrorotation, which has
been reported to correlate well with vital dyes and morphological indicators for Giardia
oocysts (Dalton et al., 2001, 2004). Two parameters have been considered, namely,
direction of rotation and rotational velocity. This technique has been proposed to
determine oocyst viability and compares favorably to oocyst sporulation detection.
However, these techniques either cannot be considered completely reliable or are very

expensive and/or complex.

2.3.4.7 Detection methods in vegetables

Pathogens are often present in foods in low numbers, or they may be trapped in pores of
the food and are subsequently difficult to detect. Methods for the detection of C.
cayetanesis in vegetables samples are based on concentration. Concentration methods
provide detergent solutions for washing of the vegetable and for recovery of the cysts.
Detergents used to isolate Cyclospora oocysts are i) saline buffer solutions (PBS) (Dixon

et al., 2013; Giangaspero et al, 2015b), ii) a glycine buffer solution (1 M, pH 5.5)
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followed by a flotation procedure using Sheather's sucrose solution (sp.g 1.26) (Lalonde
and Gajadhar, 2016) and iii) distilled water (Sherchand et al., 1999).

The concentration of the oocysts may be performed by centrifugation (Dixon et al.,
2013) or centrifugation followed by flotation (Lalonde and Gajadhar, 2016).

After recovery from vegetables, the Cyclospora oocysts can be identified by UV
epifluorescence microscopy of the wet mount (Tram et al., 2008; Dixon et al., 2013), or
by light microscopy adding a drop of Lugol iodine (Al-Megrin et al., 2010), or staining
the wet mount with acid-fast stain (Sherchand et al., 1999).

Recently, different molecular methods have been described for Cyclospora i.e., nested-
PCR based on 18S rRNA gene (Dixon et al., 2013), gPCR assays based on 18S rDNA gene
(Lalonde and Gajadhar, 2011) and ITS-2 gene (Giangaspero et al.,, 2015b).
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3. EXPERIMENTAL PART

3.1 Materials and methods
3.1.1 Sampling design
The sampling design was tailored to provide the highest confidence of detection and
quantification of the contamination level, even with the low expected prevalence reported
for protozoa in edible salads.
Since detection of parasites at low prevalence requires large samples sizes, in order to
keep the study within manageable bounds, the sampling design was based testing pools of
salad sample in common and homogenous groups (Cowling et al., 1999). The number of
pools test for a given pool size, under a specified expected prevalence, desired confidence
and precision has been estimated according to Worlund and Taylor (1983) through the
formula:

m= (Z*(1-p)/(ek))2*((1-p)-k-1)
where
m = number of pools
p= expected prevalence
k=pool size
e= desired precision
Z= desired level of confidence.
Detection threshold was considered as a prevalence of the 0.6% and the sampling regime
was set in order to provide a 95% confidence level with a precision of 0.6%. Since we
chose a pool size composed of 9 salads packages, the number of pools required to
estimate the prevalence was 72 pools.
In order to provide a representative sample, the pools (each composed of 9 packages)
came from six different selected branded RTE producers: three major industrial
companies (indicated as A, B, and C) and three minor companies (indicated as E, F, and
G). The industrial brands have a national distribution with a production in Southern
[taly (mainly in Apulia and Campania regions) whereas the local brands have a local
distribution and production (Northern Apulia).
Each month, from March 2015 to February 2016, nine individual mixed salad (all
containing curly and escarole lettuce, red radish, rocket salad and carrots) packages (not

less than 100g each) were bought for each brand and subsequently analyzed together as
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a single pool Following this sampling protoco], a total of 648 salad packages were
analyzed and their distribution is summarized in Table 3. All salad packages were placed
in a cooler bag and transferred to the laboratory, where they were kept refrigerated and

then processed before their expiry date.

Table 3. Experimental design of the sampling protocol
Origin of

salads Brand N° of N° of N° of Number of
packages package/pool  pools/month  pools/year packages/year
A 9 1 12 108
National
distribution B 9 1 12 108
C 9 1 12 108
Subtotal 3 36 324
D 9 1 12 108
Local E 9 1 12 108
distribution
1 12 108
Subtotal 3 36 324
TOTAL 6 72 648

3.1.2 Samples processing

After collection, all salad packages were immediately placed in a cooler bag with ice
packs and transferred to the laboratory of the Research Unit of Human Microbiome,
Bambino Gesu Children’s Hospital, San Paolo, Vatican City, Rome where they were
refrigerated and then processed before their expiry date.

Salad samples were processed as described by Dixon et al, (2013) and by Giangaspero
et al. (2015b), but the methods were slightly modified. For each of the nine packaged
RTE mixed salads from the same brand, 100g of vegetable material was weighed and
placed in stomacher bags 180x320mm (100g for each bag in nine stomacher bags)
(BagPage, Interscience, Sant Nom, France). In each stomacher bag 200 ml of buffered
detergent solution (containing phosphate-buffered saline 10X [PBS], 0.1% Tween-80,
0.1% sodium dodecyl sulphate [SDS] and 0.05% antifoam B emulsion were added. Bags

were placed on an orbital shaker for 15 min at 120 rpm. Then, lavage liquids were
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collected into four 50-ml centrifuge tubes and the tubes were centrifuged at 2,000 x g for
15 min at 4°C (Beckman Coulter, T]-25, Italy). The supernatant was aspirated and
discarded. The pellets were suspended in 3 ml of buffered detergent solution, and
pooled into one centrifuge tube. Each tube was rinsed with small volume of buffered
detergent solution, which was then poured into the next tube until all tubes were rinsed.
This rinse liquid was then added to the pooled tube and vortexed for a few seconds. The
pooled tube was centrifuged at 3,000 x g for 15 min at 4°C, and the supernatant was
again aspirated and discarded. The pellet was resuspended into 2 ml of buffered
detergent solution and divided between two different 1.5 ml microcentrifuge tubes by
micropipette. The tube was rinsed with 500ul of buffer and the rinse liquid was poured
into two microcentrifuge tubes. Microcentrifuge tubes were centrifuged at 10,000 x g for
10min at 4°C (Centrifuge 5430 eppendorf, Germany), and the supernatants were
aspirated and discarded. Finally, 500ul and 300 pl of PBS 1X were added in two
microcentrifuge tubes for microscopy (first aliquot) and molecular (second aliquot)
investigation, respectively, and the pellets were resuspended by vortexing.

The first aliquot was tested for microscopy investigation within 3 days after processing
whereas the second aliquot for molecular investigation was stored at -20 °C pending

molecular analyses.

3.1.3 Microscopy investigation?

3.1.3.1 Staining procedures
After concentration procedures, Lugol’s lodine staining was used for the detection of

Giardia cysts and Toxoplasma oocysts.

Twenty pl of the sample were transferred on six slides and one drop of Lugol’s lodine
solution was added. The slides were covered with coverslip and examined by optical

microscopy (NIKON Eclipse E600, Tokyo, Japan) at 20X and 40X magnification.

2 All microscopy procedures and identification of the parasites were guaranteed by two
experienced operators, as internal control, according to Bambino Gesu Hospital analytical
ISO procedures (9100-2015).
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Modified Ziehl-Neelsen staining (TB Stain Kit ZN, Becton, Dickinson and Company, New
Jersey, USA) was used for the detection and identification of Cryptosporidium and
Cyclospora oocysts.

Twenty ul of the sample were transferred on six slides. The samples were dried and then
fixed in absolute methanol. Fixed slides were flooded with ZN carbol fuchsine for 30
minute and then, washed gently with tap water. Acid alcohol 5% was added on slides for
30 seconds for decolorization and then washed gently with tap water. The slides were
flooded with methylene blue for 2 minutes, washed gently with tap water and left to dry.
After drying, the slides were examined microscopically (NIKON Eclipse E600, Tokyo,
Japan) with a drop of oil under high power (100X oil immersion) lens.

The presence of any protozoans, beside those selected for investigation, were also

annotated.

3.1.3.2 Immunofluorescence assay

Detection and identification of Giardia cysts and Cryptosporidium oocysts was also
performed using a commercial kit (Merifluor C/G, Meridian Diagnostics, Cincinnati,
Ohio, USA) containing a mixture of FITC labeled monoclonal antibodies directed against
cell wall antigens of Giardia cysts and Cryptosporidium oocysts.

Fifty ul of the sample, of the Positive Control and of the Negative Control were added on
the wells. The slide was placed at room temperature to allow the complete drying. Then,
a drop of Detection Reagent and one drop of Counterstain were placed in each well and
the reagents were mixed with an application stick without scratch the treated surface of
the slide. Then, the slide was incubated in a dark humidified chamber for 30 minutes at
room temperature. The slide was rinsed with Wash Buffer 1X to remove unbound
antibodies. One drop of Mounting Medium was added to each well and a coverslip was
applied. The slide was examined by fluorescence microscope (NIKON Eclipse E600,
Tokyo, Japan) equipped with a filter system for fluorescein isothiocyanate (FITC) with
the following parameters: excitation wavelength 490-500nm, barrier filter 510-530nm

and at 40X and 100X magnification.
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3.1.4 Molecular investigation

The second aliquot, stored at -20 °C, were placed in cooler bag with dry ice and
transferred to the Laboratory of Parasitology (Dipartimento di Scienze Agrarie, degli
Alimenti e dell’ Ambiente, Foggia, Italy) where they were stored at -20 °C, pending

molecular analysis.

3.1.4.1 DNA isolation

DNA was extracted from samples using the QiAmp Plant Mini Kit (Qiagen, Inc,
Mississauga, Ontario, Canada).

Briefly, 300 pl of final suspension was divided into three aliquots of 100pl each and the
aliquots were subjected to 15 cycles of freezing/thawing of 1 minute each in liquid
nitrogen and 65°C water bath, respectively.

For each aliquot, 400ul of Buffer AP1 and 4ul RNaseA stock solution (100 mg/ml) were
added according to the manufactures’ instructions. The mixtures were mixed for 2-3
time during incubation (10 min at 65°C). Then, 130ul of Buffer P3 was added to the
lysates and incubated for 5 min on ice. Then, the lysates were centrifuged for 5 min at
20,000 x g The lysates were added to the QIAshredder spin column sitting in a 2ml
collection tube and centrifuged for 2 min at 20,000 x g. The flow-through fractions were
transferred in new tubes and 500 pl of Buffer AW1 were added into each tube.

All the aliquots of the same sample were added into one DNeasy mini spin column
sitting in a 2ml collection tube and centrifuged for 1 min at 26,000 x g. The flow-through
was discarded and the step was repeated with the remaining liquid. Then, 500 pl Buffer
AW?2 were added to the DNeasy column and centrifuged at 20,000 x g for 1 minute. This
step was repeated with another 500 pl Buffer AW2 and centrifuged for 2 min at 20,000 x
g. The DNeasy column was transferred into a 1.5 ml microcentrifuge tube and 100 pl of
Buffer AE was added directly onto the DNeasy membrane (incubated for 5 min at room
temperature). Then, the tube was centrifuged for 1 min at maximum speed. This step
was repeated another time. The extracted DNA was quantified by NanoDrop 2000 and
stored at -20 °C.
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3.1.4.2 Nested-PCR

A nested and semi-nested PCR protocol were used to amplify a fragment of about 500 bp
for G. duodenalis TPI gene and a fragment of about 400 bp for Cryptosporidium COWP
gene.

Each PCR was conducted in a volume of 20 pl containing 5X Ready Red Taq Mix (Sigma-
Aldrich, USA), 100uM of each primer and 3.25 pl of distillated water. Two pl of genomic
DNA for first PCR, and 1:20 (Giardia) and 1:40 (Cryptosporidium) diluted PCR product
for the second PCR was added to each reaction. Positive and negative controls were
included in each PCR run.

For G. duodenalis (all assemblages), the TPI gene was amplified using primers AL3543
(forward: 5'-AAATTATGCCTGCTCGTCG-3") and AL3546 (reverse: 5'-
CAAACCTTTTCCGCAAACC-3") for the first PCR followed by nested amplification with
primers AL3544 (forward: 5'CCCTTCATCGGTGGTAACTT3') and AL3545 (reverse: 5'-
GTGGCCACCACTCCCGTGCC-3") (Sulaiman et al., 2003). For the primary amplification,
the cycling protocol was 94 °C for 5 min (initial denaturation), followed by 35 cycles of
94 °C for 45 s (denaturation), 50 °C for 45 s (annealing) and 72 °C for 1 min (extension),
with a final extension of 72 °C for 10 min, and for the second amplification the cycling
protocol was 94°C for 5 min, followed by 35 cycles of 94 °C for 45 s, 55 °C for 30 s, and
72 °C for 1 min, with a final extension at 72 °C for 10 min.

For Cryptosporidium spp. the COWP gene was amplified using primers CRY15D
(forward: 5'-GTA GAT AAT GGA AGR GAY TGT G-3') and CRY9D (reverse: 5'-GGA CKG
AAA TRC AGG CAT TATCYT G-3') for the first PCR followed by semi-nested amplification
with primers CRYINT2D (forward: 5'-TTT GTT GAA GAR GGA AAT AGA TGT G3') and
CRY9D (reverse: 5'-GGA CKG AAA TRC AGG CAT TAT CYT G-3') (Traversa et al., 2008).
For both amplification, the cycling protocol was 94 °C for 7 min (initial denaturation),
followed by 40 cycles of 95 °C for 50 s (denaturation), 50 °C for 40 s (annealing) and 72
°C for 50 s (extension), with a final extension of 72 °C for 10 min.

The PCR products were run on agarose gel and visualized with GelRed Nucleic Acid

staining (Biotium, USA).

3.1.4.3 Real-Time PCR and quantitative analysis (qPCR)
A qPCR and melting curve analysis were performed for T. gondii and C. cayetanensis in a

CFX-96 Real Time Instrument (BioRad, Italy). A sequence of T. gondii B1 gene and C.

76



cayetanensis ITS-2 gene were selected as reference target to design the plasmid control.
The pEX-A2 vector (Eurofins, MWG/Operon, Ebersberg, Germany) was used to insert a
fragment of approximately 129 bp and 116 bp, respectively. The concentration of the
pEX-A2 plasmid was measured using a fluorometer, and the corresponding copy
number was calculated wusing the following equation: pEX-A2T. gondii/C.
cayetanensis (copy numbers) = 6.02 X 1023 (copy/mol) X pEX-A2T. gondii/C.
cayetanensis amount (0.31/0.21 x 10-> g/ml)/pEX-A2 T. gondii/C. cayetanensislength
(129/116 bp + 2450) X 660 (g/mol/bp) (Whelan et al., 2003).

Ten-fold serial dilutions of the pEX-A2 T. gondii/C. cayetanensis plasmid (from 1.03 x
107to 1.03 x 10-3 copies/ul) were used to determine the quantity of the unknown
samples based on linear regression calculations of the standard curve. qPCR was
performed in a CFX-96 Real Time Instrument (BioRad, Italy). gPCR was carried out in a
final volume of 20 pl, utilizing SsoFast™ EvaGreen® Supermix (cat. no. 172-5201; Bio-
Rad, Italy), 0.5 uM of each specific primer for 7. gondii BI1 gene (ToxB41f: 5'-
TCGAAGCTGAGATGCTCAAAGTC-3" and ToxB169r: 5'-AATCCACGTCTGGGAAGAACTC-3")
(Burg et al, 1989) and forC cayetanensisITS-2 gene (CCITS2-F: 5'-
GCAGTCACAGGAGGCATATATCC-3" and CCITS2-R: 5-ATGAGAGACCTCACAGCCAAAC-3)
(Lalonde and Gajadhar, 2008). Genomic DNA (50 to 100 ng) (or 0.5 pg; reference,
positive-control) DNA or water (negative control) in 5 pul were added to the reaction.
Cycling conditions were: initial denaturation at 98°C for 2 min, followed by 35 cycles at
98°C for 5 s, and 62°C (T. gondii) and 59°C (C. cayetanensis) for 15 s. Fluorescence data
were collected at the end of each cycle as a single acquisition. Melting curve analysis was
performed at the end of each PCR run (70°C to 95°C at 0.5°C/5 s). Each sample was
analyzed in duplicate, and the amplification cycle threshold (Ct) and melting
temperature (7m) values were calculated. The diagnostic Tm peak was 80°C for T.
gondii and 83.5°C for C. cayetanensis.

The criteria used to define a test-positive sample were: (a) a detectable amplification
curve, (b) a Tm value of + 0.5°C with reference to the Tm value of positive control, and
(c) a dF/dT fluorescence value of >2. Raw data were normalized by applying curve-
scaling to a line of best fit, so that the highest fluorescence value was 100 and the lowest
was zero (standard normalized melt curve). Then, the curves were differentiated, and a
composite median curve was constructed using the median fluorescence values for each

sample.
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Absolute quantification was performed for the positive samples; the DNA amount
(copies/ul) was calculated by relating the Ct mean value of each sample to a standard
curve obtained from the respective positive control. Moreover, oocysts numbers were
calculated for T. gondii and C. cayetanensis according to Lass et al. (2012) and Varma et

al. (2003), respectively.

3.1.4.4 End-Point PCR

End-point PCR protocol was used to detect Blastocystis and Dientamoeba. PCR was
conducted in a volume of 20 pl containing 5X Ready Red Taq Mix (Sigma-Aldrich, USA),
10uM of each specific primer, 3.25 pl of distillated water and 2 pl of genomic DNA.
Positive and negative controls were included in each PCR run.
For Blastocystis, the SSTRNA gene was amplified using primers RD5 (forward: 5'-
ATCTGGTTGATCCTGCCAGT-3") and BhRD (reverse: 5° GAGCTTTTTAACTGCAACAACG-
3’) (Scicluna et al.,, 2006) and for Dientamoeba the SSTRNA gene was amplified using
primers Df-124F (forward: 5' -CAACGGATGTCTTGGCTCTTTA-3’) and Df-221R (reverse:
5" -TGCATTCAAAGATCGAACTTATCAC-3") (Verweij et al., 2007). The cycling protocol
was 94 °C for 5 min (initial denaturation), followed by 35 cycles of 94 °C for 45 s
(denaturation), 50 °C for 45 s (annealing) and 72 °C for 1 min (extension), with a final
extension of 72 °C for 10 min. The PCR products were run on agarose gel and visualized

with Gel Red Nucleic Acid staining (Biotium, USA).

3.1.4.5 DNA sequencing

Positive samples to one or more protozoans were purified using EXO I and FAST AP
enzymes (Fisher Scientific, Netherlands) according to the manufacturer’s protocol.
Purified PCR products were sequenced in both directions with the BigDye Terminator v.
3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, California, USA), using the
same primers as the respective PCR reactions according to the manufacturer’s
instructions. An ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, Foster City,
California, USA) was used to obtain sequences; electropherograms were inspected by
eye and consensus sequences were obtained. Subsequently, sequences were aligned
using the ClustalW program (BioEdit software v.7.2.5) and each sequence was compared
to the nucleotide sequences available in publicly accessible databases using BLASTn

software (https://www.ncbi.nlm.nih.gov/blast/).
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3.1.5 Statistical analyses

Based on the number of positive pools, the prevalence of salads contaminated with each
protozoan species was estimated according to Schaarschmidt (2007), and the 95%
confidence levels using the exact method of Clopper-Pearson. This approach provides
robust estimation of confidence level, without need to retest individual samples from
positive pools, so that analyses were kept within manageable limits. Since the salad
samples were analyzed through multiple testing, i.e. both microscopic and molecular
approaches, we estimated a combined prevalence as testing in parallel; that is a sample
was considered positive if it reacted positively to either or both of the diagnostic tests.
Moreover, although the risk related to the brands and seasons was not the purpose of
this study (the sample size was not tailored to provide such data), for each protozoan
species the difference in prevalence between brands and sampling seasons was tested
with a group regression model (Vansteelandt et al, 2000), considering the
contamination status of the pool (positive/negative) as response variable and pool
identity as a/the grouping factor. Statistical analysis was performed using the ‘binGroup’
package for evaluation of binomial group testing, developed under the software R 3.3.2
(R Development Core Team, 2016) and considering p<0.05 as the threshold for
statistical significance.

To assess the performance of the microscopy and molecular tools used to detect the four
investigated pathogens (G. duodenalis, Cryptosporidium spp., T. gondii and C.
cayetanensis), the Cohen's kappa coefficient and proportions of positive and negative
agreement were calculated to measure the performance between two tests (Test 1
"microscopy approach" and Test 2 "molecular approach") (Gardner et al., 2000). Since
all pool samples were analyzed through both microscopy and molecular approaches to
detect the pathogens, in order to have a more robust result, each protozoan species
identified by microscopy and/or molecular assay was considered as single testing for a
total of 288 tests (72 pools x 4 investigated pathogens). More specifically a pool sample
was considered positive for both tests (Test 1+/Test 2 +) for any protozoa (e.g., Giardia)
if it reacted positively to both of the diagnostic tests, a pool sample was considered
negative for both tests (Test 1-/Test 2 -) for any pathogen (e.g., Giardia) if it reacted
negatively to both of the diagnostic tests, a pool sample was considered positive for a
test and negative for another test for any pathogen (e.g., Giardia) if it reacted positively

or negatively to one of the diagnostic tests (Test 1+/Test 2 - or Test 1-/Test 2 +).
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Statistical analysis was performed using the ‘EpiTools epidemiological calculators’
package for the comparison of two tests, developed under the Ausvet company
(Sergeant, ESG, 2017), considering the 95% confidence level and p<0.05 as the threshold

for statistical significance.
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4. RESULTS

4.1 Microscopy investigation

A total of 864 slides were examined by one or more microscopic techniques. By modified
Ziehl-Neelsen staining, Cryptosporidium spp. oocysts were observed in 4 pools (Figure
12a-d), 2 pools were from Industrial Brands and 2 from Local Brands. By
immunofluorescence assay, Cryptosporidium oocysts were identified in one of the four
pools positive (Figure 13).

During the microscopy investigation, additional intestinal protozoan parasites were
detected: Blastocystis hominis and Dientamoeba fragilis. Out of 72 pools, B. hominis was
observed in 3 pools from Local Brands; the presence of Blastocystis was observed in 2
pools by Lugol’s lIodine staining (Figure 14a, b) and in one pool by modified Ziehl-
Neelsen staining (Figure 15). Dientamoeba fragilis was observed in one pool (Local
Brand) through Lugol’s lodine and then, Giemsa staining (Figure 16a, b) (Raw data:
Annex 1; Table 4 and 5).

Figure 12 (a-d). Samples number 31, 48, 54 and 70 stained with modified Ziehl-Neelsen
showing Cryptosporidium spp. oocysts in red on the blue background and with black
granules visible (Magnification 100X).
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Figure 13. Sample number 31 stained with FITC showing Cryptosporidium oocyst
detected by immunofluorescence assay (Magnification 40X).

Figure 14 (a, b). Samples number 70 and 71 stained with Lugol’s lodine showing two
vacuolar forms of Blastocystis hominis. A large central body (like a large vacuole) and in
the ring of cytoplasm with black inclusions bodies are visible (Magnification 40X).
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Figure 15. Sample number 19 stained with modified Ziehl-Neelsen showing the
vacuolar form of Blastocystis hominis. (Magnification 100X).

Figure 16 (a, b). Sample number 50 stained with Giemsa showing Dientamoeba fragilis.
Small binucleate trophozoites (Magnification 100X).
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4.2 Molecular investigation

Out of 72 pools, G. duodenalis was detected in 4 pools: 3 pools were from Industrial
Brands and one from Local Brand (Figure 17). Cryptosporidium spp. was detected in 5
pools, of which 2 pools were from Industrial Brands and 3 from Local Brands; out of 5
pools, 3 were also positive to microscopy (Figure not provided because of the low image
quality). T. gondii was detected in 5 pools: 3 pools were from Industrial Brands and 2
from Local Brands (Figure 18). C. cayetanensis was detected in 8 pools of which 6 pools
were from Industrial Brands and 2 from Local Brands (Figure 19).

The microscopically positive samples to B. hominis and D. fragilis - which were outside
of the aim of the prevalence study - were molecularly confirmed (Figure not provided

because of the low image quality).

Figure 17. Nested PCR (primer pair AL3544 - AL3545) of Giardia duodenalis TPI gene
(~530 bp): Line 1: size marker; lines 2, 3 and 4: positive controls; lines 5 and 6:
negative controls; lines 7 to 17: negative samples; line 18: positive sample (n. 53); lines
19 to 28: negative samples; line 29: size marker.
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Figure 18. Melting curve peaks and Tm of the positive samples (blue lines), negative

control (light green) and positive control (red line) to Toxoplasma gondii detected by
Real Time PCR.
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Figure 19. Melting curve peaks and Tm of the positive samples (blue lines), negative

control (light green) and positive control (red line) to Cyclospora cayetanensis detected
by Real Time PCR.
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4.2.1 DNA quantification

The number of T. gondii and C. cayetanensis oocysts in qPCR test-positive samples were
predicted to range from 62 to 554 and 46 to 1580 per g of vegetable product,
respectively (Table 6).

Table 6. Number of oocysts/sample of Toxoplasma gondii Type 1 and Cyclospora
cayetanensis in thirteen batches of ready-to-eat mixed salads collected from industrial
and local Brand Companies from Italy and examined by qPCR.

Number Sample ID Protozoan parasites Oocyst number/g
of product
1 6 T. gondii 320
2 8 C. cayetanensis 1.240
3 11 C. cayetanensis 1.580
4 12 C. cayetanensis 833
5 12 T. gondii 62
6 26 T. gondii 65
7 28 T. gondii 221
8 36 T. gondii 554
9 40 C. cayetanensis 1190
10 41 C. cayetanensis 509
11 42 C. cayetanensis 667
12 57 C. cayetanensis 684
13 60 C. cayetanensis 46

4.2.2 Sequencing

Sequencing confirmed a homology of the 98% for G duodenalis Assemblage A, for C.
cayetanensis and for B. hominis. A homology of 99% was found for C. ubiquitum, for T
gondii Type I and for D. fragilis; finally, a homology of 100% for C. parvum.

The sequences were deposited in GenBank under accession number KY554829 -
KY554832 (G. duodenalis), KY554819 - KY554823 (C. parvum - C. ubiquitum),
KY554824 - KY554828 (T. gondii), KY554833 - KY554840 (C. cayetanensis),
KY554841 - KY554843 (B. hominis) and KY554844 (D. fragilis).
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4.3 Prevalence data

By both microscopy and molecular tools, 4.2% (95% C.I. 2.6-6.2%) of the samples were
contaminated by at least one protozoa species, and 0.6% (95% C.I. 0.2-1.6%) of them
presented contamination by G. duodenalis and Cryptosporidium spp. (Industrial Brand),
by C. cayetanensis and T. gondii (Industrial Brand), by G. duodenalis and C. cayetanensis
(Industrial Brands) and by C. parvum and B. hominis (Local Brand) (Annex 1).

The most detected protozoa species was C. cayetanensis (1.3%, 95% C.I. 0.6-2.5%),
followed by Cryptosporidium spp. (0.9%, 95% C.I. 0.4-2.1), T. gondii (0.8%, 95% C.I. 0.3-
1.8%), G. duodenalis (0.6%, 95% C.I. 0.2-1.6%) (Table 4).

However, also B. hominis (0.5%, 95% C.I. 0.1-1.4%) and D. fragilis (0.2%, 95% C.1. 0.0-

0.9%) were detected by microscopy and molecularly confirmed (Table 5).

Table 4. Prevalence values of the investigated protozoan parasites in ready-to-eat
mixed salads collected from industrial and local brand Companies at retail on Italian
market and examined by microscopy and molecular assays.

Pathogens Diagnostic test Prevalence % Combined
results (95% CI*) values
(N° positive pools)
Microscopy Molecular  Microscopy Molecular N° Positive Prevalence %
assay assay pools (95% CI*)

Giardia 0 4 0 0.63 4 0.63
duodenalis (0-0.57) (0.17-1.61) (0.17-1.61)
Assemblage A
Cryptosporidium 4 5 0.63 0.80 6 0.96
parvum/ (0.17-1.61) (0.26-1.85) (0.35-2.08)
Cryptosporidium
ubiquitum
Toxop[asma 0 5 0 0.80 5 0.80
gondii Type | (0-0.57) (0.26-1.85) (0.26-1.85)
Cyc[ospora 0 8 0 1.30 8 1.30
Cayetanensis (0'0567) (0559'2547) (0559-2547)

* 9504 Confidence Interval
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Table 5. Additional protozoan parasites detected in ready-to-eat mixed salads collected
from industrial and local brand Companies at retail on Italian market and examined by
microscopy and molecular assays.

Pathogens Diagnostic test Percentage %
results (95% CI*)
(N° positive pools)
Microscopy Molecular Microscopy Molecular
assay assay
Blastocystis 3 3 0.47 0.47
hominis (0.10-1.37) (0.10-1.37)
Dientamoeba 1 1 0.15 0.15
fragilis (0-0.86) (0-0.86)

* 9509 Confidence Interval

The comparison test between microscopy and molecular assay showed that the degree
of agreement between these two techniques was low (k=0.2123). Since the positive
agreement was 0.24 and molecular analyses showed an observed prevalence of 0.88%
compared to that of 0.63% obtained by microscopy, we can infer the higher detection
capacity of the former tool. On the other hand, negative agreement of 0.96 indicate

comparable levels of specificity of these approaches.

Prevalence between brands

Prevalence between brands varied between the minimum value of zero for all and the
highest values of 3.1% (95% C.I. 0.6-9.0%) for Cryptosporidium spp., 2.0% (95% C.I. 0.2-
7.1%) for G duodenalis, T gondii, C. cayetanenis and B. hominis, and 1.0% (95% C.I. 0.0-
5.3%) for D. fragilis (Figure 20). The variability observed in prevalence between salad
Brand producers and distribution of protozoan parasites showed a lower prevalence
(3.1%, 95% C. I. 0.6-8.9%) in the Local Brands E and F compared to Local Brand D
(5.8%, 95% C.I. 1.8-13.3%) and to National Brands A, B and C (4.4%, 95% C.I 1.1-11.0%)
(Table 6).
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Figure 20. Protozoan prevalence (x95% confidence intervals) in ‘ready to eat’ mixed
salads according to the six producer companies (National and Local brands)
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Table 6. Protozoa prevalence (and their 95 % confidence intervals in brackets) in the 6
examined brands

Pathogens Brands
A B C D E F

Giardia
duodenalis
Assemblage A 0.96% 0 2.00% 0 0 0.96%

(0.02-5.25)  (0-3.35)  (0.23-7.09)  (0-3.35) (0-3.35)  (0.02-5.25)
Cryptosporidium
parvum/
Cryptosporidium ~ 0:96% 0.96% 0.96% 3.15% 0 0 (0-3.35)
ubiquitum (0.02-5.25)  (0.02-5.25)  (0.02-5.25)  (0.62-8.99) (0-3.35)
Toxoplasma

(0.23-7.09)  (0.02-5.25)  (0-3.35)  (0.02-5.25)  (0-3.35) (0.02-5.25)
Cyclospora
Cayetanensis 2.00% 2.00% 2.00% 0.96% 0.96% 0

(0.23-7.09)  (0.23-7.09)  (0.23-7.09)  (0.02-5.25)  (0.02-5.25) (0-3.35)
Blastocystis

(0-3.35) (0-3.35) (0-3.35)  (0.02-5.25)  (0.23-7.09) (0-3.35)
Dientamoeba
(0-3.35) (0-3.35) (0-3.35) (0-3.35) (0-335)  (0.02-5.25)

Total 4.40% 4.40% 4.40% 5.81% 3.15% 3.15%

(1.11-11.04) (1.11-11.04) (1.11-11.04) (1.81-13.3) (0.62-8.99)  (0.62-8.99)
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Seasonal prevalence

The distribution of the protozoans investigated in RTE salads from the National Brands
(A, B and C) and Local Brands (D, E and F) during a one year, according to season,
showed the highest prevalence (11.5%, 95% C.I. 1.1-41.2%) in the National brands A
and C during spring and autumn, and Local brands E and F during autumn and winter.
The wider distribution of parasites in the two types of brands, was observed in autumn
(7.4%, 95% C.1. 3.3-13.9%) (Table 7).

The seasonal variation showed the highest prevalence (2.0%, 95% C.I. 0.4-5.8%) in
summer for T. gondii and in autumn for G duodenalis and Cryptosporidium spp.

B. hominis and D. fragilis showed prevalence values of 1.3% (95% C.I. 0.2-4.6%) in winter
and 0.6% (95% C.1. 0.0-3.5%) in autumn, respectively.

C. cayetanensis showed highest values of 2.0% (95% C.I. 0.4-5.8%) in spring and autumn
(Figure 21).

Table 7. Distribution of protozoan parasites to microscopy and/or molecular assays in
ready to eat mixed salads from three industrial Brands (A, B and C) and three Local
Brands (D, E and F) during a one year, according to season (no. of positive samples/no.
of examined samples, prevalence, and 95% confidence interval) (p<0.05)

Companies Season
Spring Summer Autumn Winter
A 11.49% 4.40% 0 4.40%
(1.09-41.20) (0.093-23.08) (0.-12.77) (0.09-23.08)
B 0 4.40% 11.49% 4.40%
(0.-12.77) (0.093-23.08) (1.09-41.2) (0.09-23.08)
C 4.40% 0 4.40% 0
(0.09-23.08) (0.-12.77) (0.09-23.08) (0.-12.77)
D 4.40% 4.40% 4.40% 11.49%
(0.09-23.08) (0.09-23.08) (0.09-23.08) (1.094-41.2)
E 0 4.40% 4.40% 4.40%
(0.-12.77) (0.09-23.08) (0.09-23.08) (0.09-23.08)
F 0 4.40% 11.49% 0
(0.-12.77) (0.09-23.08) (1.09-41.2) (0.-12.77)
TOTAL 2.75% 3.55% 7.41% 3.55%

(0.733-6.936)

(1.127-8.152)

(3.293-13.89)

(1.127-8.152)

* 95095 Confidence Interval
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Figure 21. Seasonal protozoan prevalence (+95%, confidence intervals) in ‘ready to eat’
mixed salads

o

Prevalence %

Species

However, prevalence variabilities between the two kinds of brands considered in this
study (industrial with national distribution and local with regional distribution) and

seasons were not statistically significant for each investigated protozoan (p>0.05).
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5. DISCUSSION

This is the first large-scale study on detection and prevalence of protozoan parasites in
ready-to-eat salads in Europe. RTE salads sold in Italy are contaminated by one or more
protozoan pathogens. By microscopy and/or molecular tools, G duodenalis Assemblage A,
C. parvum and C. ubiquitum, T gondii Type 1, C. cayetanensis were detected with a
prevalence ranging from 0.6% to 1.3%, with high oocysts burden (calculated only for T.
gondii and C. cayetanensis) of up to 554 and 1580 per g of vegetable product,
respectively (Table 4). Moreover, B. hominis and D. fragilis were also detected (0.5 and
0.2%, respectively) (Table 5).

Protozoan parasites have been documented in fresh produce worldwide. In unpackaged
marketed fresh vegetables, Giardia and/or Cryptosporidium (with a prevalence up to
31.6% and 24%, respectively) and/or Toxoplasma (up to 6.6%) and/or Cyclospora (up to
21.3%), have been recorded mostly from remote areas of developing Asian, African and
South American Countries (reviewed by Dixon, 2015; Marchioro et al., 2016; Mohamed
etal.,, 2016; Tiyo et al., 2016).

However, similar percentage of contamination or even higher have been found in
several species of fresh marketed unpackaged produce also in European Countries, such
as in Norway, where both protozoan parasites were found with a percentage up to 2.1%
for Giardia and 4% for Cryptosporidium) (Robertson and Gjerde, 2001), Spain (up to
52,6% for Giardia and 63,1% for Cryptosporidium) (Amoros et al., 2010), Poland (3.6%
of Cryptosporidium) (Rzezutka et al, 2010) and up to 19.5% for Toxoplasma (Lass et al.,
2012). As to Italy, after a very preliminary research in ‘60s (Mastrandrea and Micarelli,
1968) in which the presence of Giardia cysts were registered in marketed lettuce, later,
with a wider approach, Cryptosporidium oocysts (9.1%) (Lonigro et al., 2006) and, for
the first time in Europe, Cyclospora DNA (up to 12.2%) was detected (Giangaspero et al.,
2015b) in harvested vegetables (i.e., lettuce, fennel, tomato, cucumber and celery)

irrigated with contaminated water.

As to RTE salads, a very first record comes just from Italy, by Di Benedetto et al. (2007),
who by microscopy detected Giardia in one out of 40 samples of RTE mixed salads (leafy

vegetables and carrots). Wider studies investigating (by both microscopy and molecular

92



tools) parasite contamination in these products are indeed very recent and recorded
only in Canada (Dixon et al., 2013; Lalonde and Gajadhar, 2016).

In the present study, the contamination by G. duodenalis (0.6%) and Cryptosporidium
spp- (0.9%) is lower than the percentage in packaged or pre-packaged/bulk leafy green
recorded in both Canadian studies (Dixon et al,, 2013 and Lalonde and Gajadhar, 2016),
and, more specifically, for C. parvum, and G. duodenalis Assemblage A (Dixon et al,
2013). As to Cyclospora, the prevalence registered in this study (1.3%) appears similar
to the one registered by Dixon et al. (2013) and higher to the one registered by Lalonde
and Gajadhar (2016). Concerning Toxoplasma, the prevalence reported in this study

(0.8%) appears higher to the one registered by Lalonde and Gajadhar (2016).

Foodborne outbreaks associated with consumption of fresh produce contaminated with
protozoan parasites have been amply documented worldwide (see for details Chapter
2.3). As to Europe, the most recent outbreaks due to C. parvum were across England and
Scotland (McKerr et al,, 2015) and in Finland (Aberg et al, 2015), involving 182 and 250
persons who ate fresh-cut salads leaves and frisee salads, respectively. A cyclosporiasis
outbreak was registered in Germany, involving 34 people who in a restaurant ate
contaminated butterhead lettuce and mixed lettuce and other vegetables (Doller et al,
2002), and one in Sweden involving 18 persons who ate imported sugar snap peas from

Guatemala (Insulander et al, 2010).

The presence of protozoan oo/cysts in the investigated ready-to-eat samples is
indicative of extensive contamination by feces of human and/or animal origins also in
our country. In fact, the zoonotic assemblage/species G. duodenalis Assemblage A and/or
C. parvum have been documented in humans (Putignani and Menichella, 2010; Masucci
et al., 2011), domestic and wild animals (Giangaspero et al., 2007; Paoletti et al, 2011;
Papini et al, 2012; De Liberato et al, 2015), and also in wastewater and shellfish
(Giangaspero et al., 2009; 2014). Cyclospora oocysts (Masucci et al., 2011) or Cyclospora
DNA have been recorded not only in humans (Giangaspero et al.,, 2015b), but also in
non-human primates (Marangi et al., 2015a), as well as in irrigation water (Giangaspero
et al., 2015b), and even in tap water (Giangaspero et al, 2015a). As to T. gondii, it has
been shown that cats shed oocysts widely across Italy (Mancianti et al., 2015); these

then reach the sea and contaminate the shellfish (Putignani et al., 2011).
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The detection of two additional species of protozoans i.e. B. hominis and D. fragilis is the
first record on fresh produce in Europe and in the world, respectively.

The presence of these protozoans - which are responsible for several gastrointestinal
symptoms in humans and both recognized as responsible or co-responsible for Irritable
Bowel Syndrome (Yakoob et al, 2010; Garcia, 2016) - cannot be considered as
completely unexpected. As to B. hominis, our percentage (0.5%) is sensitively lower to
the sole data available in the world, i.e. in raw vegetable purchased in a daily market in
Saudi Arabia (Al-Binali et al,, 2006; Al-Megrin, 2010).

B. hominis and D. fragilis have been frequently detected in humans worldwide (reviewed
by Wawrzyniak et al, 2013; Garcia, 2016), including Italy (Lacasella et al., 2013;
Manganelli et al., 2012), and, in this country, D. fragilis (Crotti et al., 2007; Caccio et al.,
2012,) and B. hominis (Zanzani et al., 2016), have been also detected in animals,

supporting their zoonotic role.

The results of the present research confirm that protozoan parasites circulate widely in
Italy. Contamination of RTE salads is just the tip of the iceberg, indicating that the food
chain can be a very sensitive “hub”.

Besides G. duodenalis and C. parvum - whose responsibility is often underestimated due
to the relatively long period of incubation time - particular attention should be given to
Cyclospora and Toxoplasma. Although the U.S. Public Health Service classifies C.
cayetanensis as a foodborne pathogenic microorganism associated with the consumption
of fresh fruits and vegetables, due to the number of outbreaks registered oversea, its
pathogenic role is underestimated in Europe, including Italy. As said above, although
autochthonous cases of this disease have been recorded in Italy (Scaglia et al., 1994;
Maggi et al., 1995; Masucci et al., 2008, 2011), Cyclospora is not routinely investigated in
gastrointestinal disorders and its DNA detection in infected people was found to be
higher than previously believed (Giangaspero et al, 2015b). Considering that the
infectious dose for Cyclospora is unknown but is presumed to be low (Sterling and
Ortega, 1999), its prevalence (1.3%) and oocyst burden (up to 1.580 per gram of
vegetable product) detected in this study in RTE salads, may explain the potential for
transmission to consumers. The report of an outbreak in Germany involving 34 people,

associated with contaminated butterhead lettuce (imported from France) and mixed
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lettuce and other vegetables (imported from Southern Italy, including the area in which
the present study was carried out) (Doller et al., 2002), further highlights the risk.
Consumption of raw fruits and vegetables constitutes a risk of cyclosporiasis in Europe
and the same should be underlined for toxoplasmosis. In fact, the prevalence of T. gondii
found here in RTE salads (0.8%) and the known low infectious dose (Dubey et al., 1996;
Fayer et al., 2004), suggests that the dynamics of toxoplasmosis for humans could be
different from previous assumptions. T. gondii has recently been listed as the second
most harmful foodborne pathogen (Scallan et al., 2015), and is responsible for the
highest disease burden of all foodborne pathogens (Wells et al., 2015). The source of
infection for Toxoplasma in humans has always been attributed mainly to the
consumption of pork and goat meat. The results obtained in this study highly support
the hypothesis that there is a greater risk of human infections associated with a
vegetarian diet (Kapperud et al, 1996; Hall et al, 1999), and that the oocyst burden
registered in this study (up to 554 oocysts per gram of vegetable product) can
contribute greatly to transmission of this protist. The identification of Type I confirms
that this lineage (which is the most pathogenic) is present in Europe, including Italy,
where it circulates in cats (Mancianti et al., 2015) and pigs (Bacci et al.,, 2015).

In this study, the identification of C. ubiquitum in RTE salads is also interesting. Severe
cryptosporidiosis due to this species have been registered in the UK (Elwin et al., 2012),
and in Spain, including in an immunocompetent child (Cieloszyk et al, 2012). C
ubiquitum is considered an emerging zoonotic species (Li et al., 2014; Zahedi et al.,
2016), with sheep and wild rodents suspected to be the key source of C. ubiquitum
transmission to humans (Li et al,, 2014). The detection of this species of Cryptosporidium

requires further studies on its diffusion in Europe and the related risks.

Although a seasonal variation in prevalence for each parasite emerged in the raw data,
the lack of statistical differences in seasonality between the protozoans could be related
to the long resistance of the oo/cysts of these parasites in the environment, and to the
areas where the vegetables were grown. They are cultivated in Southern Italy (mainly in
Apulia and Campania), and intensively irrigated throughout the year due to the low
rainfall and high temperatures in these areas.

This aspect, coupled to agricultural practices (such as the use of manure fertilizer) and

“on-plain-air” crop management might explain the continuous contamination, probably
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due to the entry of the wild animals in the fields, which defecate and contaminate the
area; thus, the prevalence recorded suggests that there is a risk of contamination
throughout the year.

Although the observed variability in prevalence between six examined brands and
investigated protozoans has shown a higher prevalence for G. duodenalis (2%) in a
National Brand (i.e., C), C. parvum/ubiquitum (3.1%) in a Local Brand (i.e., D), T. gondii
(2%) in a National Brand (i.e., A), C. cayetanensis (2%) in a National Brand (i.e., A, B and
C), B. hominis (2%) in a Local Brand (i.e., E) and D. fragilis (0.9%) in a Local Brand (i.e.,
F), no statistically significant differences have been noted.

Such lack of statistical differences between the two kinds of companies considered in this
study (industrial vs. local brands) means that despite the economic (differences in price
on the shelves) and target differences (supermarkets and local grocery shops) between
the two kinds of brands, their management, technology and processing plant protocols
used for the production of ready to eat salads - although we do not know the actual
management and organization of each company - could overlap. At the light of obtained
results, we can assume that the marketed products by different companies could be

similar in terms of quality and safety.

[solation and detection of the protozoans in fresh produce is very challenging (Dixon et
al., 2013; Giangaspero et al, 2015b; Lass et al, 2012), particularly for detection of
multiple species of protozoan oo/cysts.

In this study, microscopy coupled to molecular tools have been used in order to improve
the chance to detect pathogens. As to microscopy, more than one techniques were used
according to the capability of each technique to detect a given pathogen. In fact, the
identification of more protozoans requires different temporary and/or permanent
staining techniques (see Chapter 2.3) and Lugol for Giardia, Ziehl-Neelsen staining
for Cryptosporidium are considered the gold standard for those pathogens whereas
immunofluorescence assays, which allow simultaneous detection of both pathogens,
were used to furtherly improving the chance of their detection at microscopy. As to C.
cayetanensis and T. gondii, their detection methods are both not standardized or
challenging (see Chapter 2.3); thus, the acid-fast staining and light microscopy assays,
used for the previous pathogens, were considered at least advantageous for

investigating their presence. Compared to microscopy, which is time-consuming and
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requires skilled operators, molecular techniques have the advantages to be more
sensitive, specific and rapid and allow the simultaneous identification of protozoa DNA
together with genetic characterization of the isolates.

Several molecular protocols have been described for the isolation and detection of
protozoan oo/cysts from fresh produce (described in Chapter 2.3); however, none of
them is considered the “gold standard” method, due to differences in the properties of
the various food matrices and parasites of concern. In this study, for each pathogen we
used the most efficient molecular protocols according to our experience and the
combination of both microscopy and molecular assays (higher performance capacity to
detect pathogens of the molecular tools has been confirmed also in this study) allowed
us to reduce the risk of errors and underestimation, providing a wide overview of the
presence of protozoan pathogens.

A limitation of this study is the impossibility of distinguishing between viable and dead
parasites, in order to assess the public health risk. However, due to the size of sampling,
the lack of univocal techniques for evaluating the viability of all investigated protozoans,
the procedures not yet fully validated for all pathogens, the study of the viability was
extremely complex and challenging (Jenkins et al., 1997; Slifko et al., 2000; Ortega and
Sanchez, 2010).

Considering that a long-lived resistance of Giardia, Cryptosporidium, Toxoplasma and
Cyclospora on vegetables both to the temperature (4°C for 8 days) (even longer than
RTE salads recommended shelf-life) and to the chlorine concentrations used for RTE
disinfection (80-100mg/L) have recently been demonstrated (Sathyanarayanan and
Ortega, 2006; Hohweyer et al., 2016), and that the coexistence of both viable and non-
viable organisms has been ascertained (Dixon et al., 2013), any finding of protozoan
oocysts in produce should be considered an indication of risk to public health.

The presence of protozoa in these products indirectly indicates that the disinfection
treatments along the food chain, for all investigated brands (both industrial and local),
are not effective in the removal of these protists. As expected, in the production
processes, a correct disinfection is able to remove or reduce only the bacterial load
(Chapter 2.1/Subchapter 2.1.1). In fact, chlorine as sodium hypochlorite is the most
widely used disinfectant because of its limited cost and easy-to-use; however, its

effectiveness on protozoa is low because the common concentration used (80-100mg/L)
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is too low and thus unable to remove these protozoa. The chlorine dioxide is more
effective compared to sodium hypochlorite for protozoan inactivation, but it is 5-10
times more expensive and dangerous for the operators compared to sodium
hypochlorite. The ozone has a high disinfecting capacity compared to chlorination, but
due to its high instability and dangerousness for the health of operators, it is a little-used
solution in the industry (Turatti, 2011). Disinfection systems with ultraviolet (UV) can
be considered a good alternative disinfection methods, because i) it is a physical process
that does not rely on chemical additives; ii) it does not cause changes in the taste or
smell of the disinfected water; iii) requires relatively short contact times; iv) it has a low
environmental impact: the system does not imply the formation of toxic or harmful
byproducts and v) it has low initial operation costs. UV light is highly effective in the
inactivation of G. duodenalis cysts and C. parvum oocysts (Erickson and Ortega, 2006) at
doses typically used in water and wastewater treatment practices (30 to 40 mJ/cm?).
However, it requires a mechanical filtration of water in order to maintain the
transparent fluid without particles in suspension. Despite the advantages, the UV
disinfection system is not widely used for disinfection along the food chain by IV gamme
producers. Beside UV technology, the most recent membrane filtration - a technology
coming from the treatment plants of municipal and industrial wastewater, and drinking
water treatment processes - could be considered another reliable alternative to the
removal of oo/cysts thanks to the pore sizes of filters for microfiltration and
ultrafiltration used in water treatment processes which range from 0.002 to 0.5 um
(Betancourt and Rose, 2004; Lonigro et al., 2006; Ottoson et al., 2006) while the size of

the parasites range from 4 to 15 pm.

In this study, we were unable to know:

i) the origin of the contamination. Any point between the factory and consumer, i.e,,
during pre-harvesting process via fecal contamination of soil (due to the entrance in the
field of domestic and/or wild animals or pests, or the improper use of manure-based
fertilizer, contaminated irrigation water); during harvesting (dirty equipment, food
handlers with poor personal hygiene); during processing practices along the chain
(cutting and shredding with dirty equipment, washing with contaminated water,

incorrect hygiene practices by workers) could have been the key for risk;
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ii) which kind/s of vegetable/s was/were contaminated. Mixed salads were investigated
in this study, thus, the greater the number of different types of vegetables the higher
becomes the risk of contamination due to the multiple handling processes along the food
chain.

iii) if any batches of products tested were associated with reported illness outbreaks. The
lack of information on outbreaks or single cases is mostly due to the long incubation
period of protozoan diseases. Although, outbreaks have not been reported for RTE
salads in Italy, the abovementioned report of an outbreak of cyclosporiasis in Germany
associated with contaminated butterhead lettuce (imported from France) and mixed
lettuce and other vegetables (interestingly imported from Southern Italy, including the

area in which the present study was carried out) (Doller et al., 2002), highlights the risk.

It should be underlined that the rules for good practice adopted along the RTE
productive chain (described in the Chapter 2.1/Subchapter 2.1.1) are currently aimed to
avoid contamination by bacteria following the current EU and National regulations (see
for details Chapter 2.1/Subchapter 2.1.3). Thus, Food Business operators/Food
Industries are obviously only keen to follow those rules.

In this view, efforts have to be done by both Food operators and Ministry of Health, in
order to push them towards the problem of the contamination by protozoans along the

processing chain and convince them that the problem is fully underestimated.
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6. CONCLUSION

In conclusion, the results of this survey demonstrate that the prevalence of protozoan
species in RTE salads is a cause for concern about human health in Europe, and in
particular in Italy. In Italy, the widespread circulation of pathogens in humans, animals,
vegetables and water, calls for studies monitoring the use of properly treated irrigation
and processing water, the efficiency of wastewater treatment plants, animal access to
crops, the proper use of manure as fertilizer, and all the processes along the RTE food
chain, such as the observation of personal hygiene regulations by food handlers, and the
use of pathogen-free water for washing produce.

Although the role of the RTE salads in increasing consumer exposure to these pathogens
and the impact of these protozoans on human health can only be suspected, these
results further enhance the need to integrate the microbiological criteria required by EU
Law No. 1441/2007 by including these protists in the list of contaminants. Monitoring
the absence (or detection limits) only of bacteria, i.e. E. coli, L. monocytogenes and
Salmonella spp. in vegetables, definitely can no longer indicate the absence of fecal
contamination and guarantee food safety for both immune and immune-compromised

consumers.

Considering that the disinfection treatments currently used during the RTE processing
are unable to remove protozoans, an increasing of the concentration of chlorine during
washing is not a recommended practice, because it could cause chemical contamination,
unpleasant odors and the appearance of harmful compounds in the final product (Parish
et al., 2003; Soliva-Fortuny and Matin-Belloso, 2003). Alternatively, the development
and/or application of innovative technological procedures, - some of them already
applied in the waste- and water treatment plants - for the inactivation and removal of
0o/cysts from contaminated fresh produce should be promoted (possibly via new and
safe methods i.e., UV, membrane filtration, and by a multi-barrier approach), in order to

improve the quality and safety of these foods.

Pending the inclusion of protozoan parasites in EU and Italian legislation to reduce the
risks of RTE contamination and minimize their foodborne transmission, our results

indicate the need for additional surveillance studies of possible sources of food
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contamination. Beside the microscopy analysis, molecular techniques are necessary
because of their high specificity and sensitivity, in order to allow a rapid and reliable
detection of protozoans of concern for human health.

In this view, the support and fostering of epidemiological and surveillance studies on
RTE salads, the development of new technologies for protozoan removal along the food
chain and the setting up of microscopy and molecular “golden standard procedures” are
considered the prerequisites for making aware the food industry and lawmakers on the
need to update the current EU legislation by including protozoan parasites.

In the meantime, studies to understand in depth the role of RTE salads in spreading

protozoans fora proper risk assessment are necessary.

The sampling method designed in this research - which allowed us to maximize
detection even with very low expected prevalence values - and the results obtained can
provide the direction for monitoring and surveillance studies on fresh produce in other
areas. This method can form the basis for drawing up food safety guidelines, based also
on the HACCP system, in order to reduce the risk of RTE contamination and to minimize

foodborne disease transmission.
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