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Isolation, identification and characterisation  of coccidian protozoa in foods intended for direct consumption in two major markets in the city of Yaounde, Cameroon


ABSTRACT
Direct-consumer foods are essential for a healthy diet, but they can also carry environmental forms of intestinal parasites. A survey was conducted in the city of Yaounde, Cameroon, from November 2021 to April 2022, samples of fruits, seeds, drinks and vegetables were collected from two markets in the city of Yaounde. The objective was to detect the presence of oocysts in foods for direct consumption that are sold in the markets of the city of Yaounde. An application of a simple sedimentation method and a modified Ziehl Neelsen staining technique of the forms of dissemination of coccidian protozoa made it possible to identify and count a total of 1280 oocysts/g with a predominance of Cryptosporidium spp. (64 %), followed by Cyclospora sp. (33 %). Isospora belli and Sarcocystis spp occupy the last place with 2 % and 1 % respectively. Lettuce (Lactuca sativa) had the highest contamination rate, reaching 196 oocysts/g, followed by Cabbage (Brassica oleracea var. capitata)  with 182 oocysts/g, then Cola (Cola acuminata) with 161 oocysts/g, then carrots (Daucus carota subsp. Sativus)  with 120, sprout water and water in sachets occupied last place with respectively 6 oocysts/g and 2 oocytes/g. Regarding the markets, the Mokolo market recorded a greater number of forms of parasite dissemination with 651 oocysts/g followed by the Mfoundi Markets with a total of 629 oocysts/g. The high content of parasitic elements was noted during the short rainy season (SRS) with a total of 838 oocysts/g and a low content of oocysts 442 oocysts/g during the long dry season (LDS). However, no significant association was found between the presence of oocysts and the type of food sold, sales markets, or season. This study highlights the importance of contamination by oocysts of vegetables sold in the markets of the city of Yaounde and health risk to customer if adequate precaution methods are not taken in to consideration.
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I-Introduction
Some foods intended for direct consumption, without the need to cook or subject them to any other treatment, such as fresh fruits and vegetables, are essential elements of a healthy and balanced diet (Barlaam et al., 2021; Berger et al., 2010; Nadabo et al., 2022). However, these foods can be contaminated by biological, chemical and physical agents during production, transport, storage and handling, processes and transmit diseases to humans (Ajitha et al., 2020; Berger et al., 2010; Ishaq et al., 2021). More than 200 recognized diseases are associated with biological agents (Riemann & Cliver, 2006). Fruits, vegetables and water are mostly associated with biological (bacteria, viruses and parasites) agent (Liu, 2019). In fact, approximately 70 species of protozoan and helminthic parasites are capable of infecting food and water (Omalu et al., 2013). Protozoa are one of the most cosmopolitan and ubiquitous food parasites in the world. Many of them are members of the phylum Apicomplexa and produce environmentally resistant oocysts (Gajadhar et al., 2015; Liu, 2019). 
Oocysts produced by apicomplexan parasites that cause foodborne illness include Cryptosporidium spp. Toxoplasma gondii, Cyclospora cayetanensis, Isospora belli and Sarcocystis spp. and can be grouped under the name coccidian protozoa (Doyle, 2003; Gajadhar et al., 2015; Ortega & Sterling, 2018). According to the Food and Agriculture Organization and World Health Organization, fresh produce such as fruits and vegetables are the main vectors of Cyclospora cayetanensis and Cryptosporidium spp. (FAO/WHO, 2014). The ingestion of infectious oocysts through contaminated food makes these endemic parasite in many parts of the globe, although the problem is more acute in developing countries (Bekele & Shumbej, 2019; Panisset et al., 2003). In addition, the main sources of contamination often come from contaminated soil and wastewater (Atud et al., 2021), human and animal waste, and the consumption of contaminated water (Mohamed et al., 2016). Oocyst infections are generally mild and cause gastrointestinal symptoms, such as diarrhea, abdominal pain, nausea and vomiting (Almeria et al., 2019; Didier & Weiss, 2008). However, they can be more serious for some people, including those who are immunocompromised, particularly those infected with Cryptosporidium spp., which can lead to serious complications and even death (Kudah et al., 2018; Mansfield & Gajadhar, 2004). 
The coccidian parasite Cyclospora cayetanensis has recently been recognized as a cause of prolonged diarrhea in children and immunocompromised patients in developing countries (Almeria et al., 2019). The sale of foods intended for direct consumption, and their consumption directly after buying them, or indirectly after storing them at home has been strongly developed over the last thirty years in Africa in general  and in Cameroon in particular (WHO, 2007; Joséphine et al., 2007). However, this situation does not go without posing health and hygiene problems, including the risk of being contaminated by coccidian protozoa (FOA, 2007). Hence the importance of understanding how coccidian protozoa contaminate the foods we directly consume, what types of foods are typically most affected, and what risks to human health result. This understanding is essential for developing effective prevention and control measures to reduce the incidence of these infections and improve the quality of life for millions of people around the world who depend on subsidiary feeding for livelihood. Unfortunately, there are poorly documented studies regarding the level of coccidian protozoa contamination of vegetables and fruits commonly sold in local markets in Yaounde. Therefore, this research was carried out with the aim of assessing the quality of fresh fruits, vegetables, drinks and seeds sold in the markets of developing countries, especially in the case of Yaounde in Cameroon.
II. Material and methods
2.1 Study site and sampling
Yaounde, the political capital of Cameroon, is located on the western edge of the southern Cameroonian plateau at 3°52' north latitude and 11°32' east longitude, and at an average altitude of approximately 750 m (Suchel, 1986). The relief is rugged and extends over several hills of altitude between 25 and 50 meters, the soils being generally of the ferrolaterite type (Kuété, 2000). The climate is equatorial, warm and humid Yaounde an type, characterized by moderate precipitation and variable temperature over time (Suchel, 1988). These characteristics make it possible to distinguish 4 seasons: the long dry season (LDS) from mid-November to mid-March, a short rainy season (SRS) from mid-March to the end of June, the short dry season (PSS) from July to mid -August and a long rainy season (GSP) from mid-August to mid-November (Suchel, 1986). The two rainy seasons and the two dry seasons are relatively unequal in importance (Pelletier, 1969) and vary in duration from one year to the next (Kuété, 1977). Yaounde is a city which is subdivided into seven distinct districts, namely Yaounde 1, Yaounde 2, Yaounde 3, Yaounde 4, Yaounde 5, Yaounde 6 and Yaounde 7. Each of these districts is home to several markets dedicated to the sale of agri-food products (Soudy, 2020). In total, there are 30 markets spread across the city's seven districts. It should be noted that among these markets, those of Mokolo, the central market and Etoudi are the most popular. Among the largest and most famous markets are Mokolo Market, Mfoundi Market and Central Market (Soudy, 2020).
[image: C:\Users\ACER\Desktop\anglais.png]Figure 1: Location of study sites in the Mfoundi department, Center-Cameroon Region (source: National Institute of Cartography, 2023 modified)
2.2. Sample collection, preparation and washing procedure
A cross-sectional study was conducted between November 2021 and April 2022. Samples of fruits, vegetables, drinks and seeds were collected from two markets (Mfoundi Markets, Mokolo) in the city of Yaounde. After obtaining institutional ethics approval and verbal consent from sellers, samples of fruits, vegetables, drinks and seeds were randomly collected from buyers and sellers. Each sample was placed in a separate, labelled sterile plastic bag. The beverage samples were collected in sterile 200mL bottles. The samples were transported to the hydrobiology and environment laboratory for parasitological analyses. In the laboratory, 500 g of each vegetable, fruit and seed were soaked (for fifteen minutes) then shaken vigorously in a solution of 200 mL of distilled water. Then this water was collected in a sterile 500 mL polyethylene bottle. The samples are left to stand at room temperature for 24 hours for sedimentation. Afterwards, the supernatant was poured out and the pellet volumes were collected, measured, the pellet was transferred to a centrifuge tube. The supernatant was decanted carefully. Finally, two methods were used for observations of the pellet: the simple sedimentation method and the modified Ziehl-Neelsen method.
2.3. Biological analysis methods
· Simple sedimentation method
After homogenization of the pellet, 5 mL of sample was taken using a graduated syringe and introduced into a test tube. To this, 1 mL of 10 % formalin was added to ensure the fixation of the organisms, 5 mL of distilled water and 2 drops of Lugol were successively added. The contents of these test tubes are then centrifuged at a force of 28 g for 5 minutes using a MINOR35 brand centrifuge to float the oocysts. Then, 1 to 2 drops of pellet were taken using a pipette and mounted between the slide and coverslip.
· Modified Ziehl–Neelsen method
This is a method which allows the detection of protozoan oocysts. It consists of coloring the slides. In bref, a 10 % zinc sulfate solution (allowing the oocysts to float) is added to the samples taken and distributed in the test tubes. The contents of these test tubes are then centrifuged at a force of 28 g for 5 minutes using a MINOR35 brand centrifuge to float the oocysts. The supernatant is collected using a micropipette and distributed onto slides which are subsequently air-dried to promote adhesion of the sample to the slides. The slides are fixed with methanol and stained with basic fuchsin respectively for 1 and 5 minutes, rinsed with distilled water and 2 % sulfuric acid (playing the role of decolorizing organisms other than our oocysts) for 2 minutes. The slides were rinsed again and counterstained with 5% methylene blue (which stains other structures or organisms with the exception of C. cayetanensis oocysts).

2.4. Identification and enumeration of oocysts
Oocysts were identified using WHO charts (1994, 2019). The measurements of the dimensions were made using the micrometer carried by one of the eyepieces of the microscope. A number (X) of parasitic oocysts was found in 1g of sample using the following formula (Ajeagah et al., 2010; Ajeagah et al 2014):

With: Mi= Initial weight of the sample, Mf= Final weight of the sample used for observation, y= number of oocysts observed in Mf. As presented by Ajeagah et al, 2010
2.5. Statistical analysis
Data recording and plotting of graphs and tables were done using Excel. And SPSS 12.0 allowed us to carry out statistical analyses, the chi-square test was used to compare the level of contamination of oocysts and food types, between markets and seasons. P-value less than 0.05 is considered statistically significant.

		III. Results and Discussion
Figure 2:Relative abundance of identified oocysts

The observations of the forms of protozoan dissemination made it possible to identify and count in total 1280 oocysts/g with a predominance of Cryptosporidium spp. with 64%, followed by Cyclospora sp. with 33 %. Isosospora belli and Sarcocystis spp occupying the latest place with 2 % and 1 % respectively (Figure 1).

                  














The oocysts of Cryptosporidium spp. are very small (4 to 6 µm in diameter) and contain a visible or invisible vacuole, their wall is thick (Figure 3 a). The oocysts of Isospora belli have a size which oscillates between 17 and 36 µm long with a thin wall that is smooth and not very refractive (Figure 3 b). They contain finely granulated round egg cells. Cyclospora cayetanensis oocysts are circular with a smooth double wall. Inside these is a greenish mass called morula. Their size varies from 7 to 10 µm long (Figure 3 c). The sporocysts of Sarcocystis hominis are ovoid in shape and contain sporozoites. Their shell is thin and their size fluctuates between 10 and 25 µm long (Figure 3d).
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Figure 3: Oocysts identified during the study (a) Cryptosporidium spp. (b) Isospora belli (c) Cyclospora sp. and (d) Sarcocystis spp.





A greater number of forms of parasite dissemination were recorded in lettuce (Lactuca sativa) (196) followed by cabbage (Brassica oleracea var. capitata) (182), cola (Cola acuminata) (161), carrots (Daucus carota subsp. Sativus) (120). Bucket water and sachet water occupied last place with (6) and (2) oocytes/g respectively. Statistical tests show no significant differences between foods (P=0.325).












Figure 4: Relative abundance of protozoan oocysts identified at food level











                                  




Figure 5: Abundance of protozoan oocysts identified in the Markets
Spatially, the market in which a greater number of forms of parasite dissemination were recorded is the Mokolo Market with 651 oocysts/g followed by the Mfoundi Markets with a total of 629 oocysts/g. Statistical tests show no significant difference between oocysts and markets (P=0.135)

                                   Table 1: Relative abundance of protozoan oocysts identified in the Markets

	Foods
	Protozoan oocysts 
	Markets
	TOTAL

oocysts/g

	
	
	MOKOLO, oocysts/g
	MFOUNDI, oocysts/g
	

	FRUITS
	Tomato (Solanum lycopersicum)
	Cyclospora cayetanensis
	22
	18 
	40  

	
	
	Cryptosporidium spp.
	46 
	46  
	92  

	
	
	Isospora belli
	2 
	0  
	2  

	
	
	Sarcocystis spp.
	0 
	0  
	0  

	
	Guava (Psidium guajava)
	Cyclospora cayetanensis
	14 
	4  
	18  

	
	
	Cryptosporidium spp.
	22 
	34  
	56  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Mango (Mangifera indica)
	Cyclospora cayetanensis
	14  
	14  
	28  

	
	
	Cryptosporidium spp.
	28  
	46  
	74  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Apple (Malus domestica)
 
	Cyclospora cayetanensis
	4  
	4  
	8  

	
	
	Cryptosporidium spp.
	26  
	13  
	39  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	TOTAL
	
	 
	178  
	179  
	357  

	VEGETABLES
	Lettuce (Lactuca sativa)
	Cyclospora cayetanensis
	46  
	24  
	70  

	
	
	Cryptosporidium spp.
	46  
	60  
	106  

	
	
	Isospora belli
	6  
	6  
	12  

	
	
	Sarcocystis spp.
	2  
	4  
	6  

	
	Cabbage (Brassica oleracea var. capitata)
	Cyclospora cayetanensis
	30  
	30  
	60  

	
	
	Cryptosporidium spp.
	60  
	58  
	118  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Eggplant (Solanum melongena)
	Cyclospora cayetanensis
	22  
	18  
	40  

	
	
	Cryptosporidium spp.
	28  
	40  
	68  

	
	
	Isospora belli
	6  
	0  
	6  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Carrot (Daucus carota subsp. Sativus)
 
	Cyclospora cayetanensis
	12  
	30  
	42  

	
	
	Cryptosporidium spp.
	30  
	52  
	82  

	
	
	Isospora belli
	0  
	2  
	2  

	
	
	Sarcocystis spp.
	0  
	2  
	2  

	TOTAL
	
	 
	288  
	326  
	614  

	 
SEEDS
	Date (Phoenix dactylifera)
	Cyclospora cayetanensis
	20  
	0  
	20  

	
	
	Cryptosporidium spp.
	22  
	16  
	38  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Cola (cola acuminata)
	Cyclospora cayetanensis
	27  
	40  
	67  

	
	
	Cryptosporidium spp.
	64  
	28  
	92  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Hazelnut (Corylus avellana)
	Cyclospora cayetanensis
	6  
	0  
	6  

	
	
	Cryptosporidium spp.
	0  
	8  
	8  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis
	0  
	0  
	0  

	
	Tiger Nut  (Cyperus esculentus)
 
	Cyclospora cayetanensis
	18  
	6  
	24  

	
	
	Cryptosporidium spp.
	12  
	8  
	20  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	TOTAL
	
	 
	169  
	106  
	275  

	DRINKS
	Rotten milk
	Cyclospora cayetanensis
	0  
	0  
	0  

	
	
	Cryptosporidium spp.
	8  
	4  
	12  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Red hibiscus flowers   juice  (Hibiscus sabdariffa)
	Cyclospora cayetanensis
	4  
	0  
	4  

	
	
	Cryptosporidium spp.
	4  
	6  
	10  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Bucket water 
	Cyclospora cayetanensis
	0  
	2  
	2  

	
	
	Cryptosporidium spp.
	0  
	4  
	4  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Sachet water
	Cyclospora cayetanensis
	0  
	0  
	0  

	
	
	Cryptosporidium spp.
	0  
	2  
	2  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	TOTAL
	 
	
	16  
	18  
	34  






Seasonally, the high content of parasitic elements was noted during the SRS with a total of 838 oocysts/g and a low content of oocysts therefore 442 oocysts/g during the LDS. Statistical tests show no significant difference between oocysts and seasons (P=0.455).     











Figure 6: Abundance of protozoan oocysts identified during Season

Table 2: Relative abundance of protozoan oocysts identified at food level by season
	Foods
	Protozoan oocysts 
	Seasons in oocysts/g
	TOTAL

	
	
	LDS
	SRS
	

	FRUITS
	Tomato (Solanum lycopersicum)
	Cyclospora cayetanensis
	10   
	30  
	40  

	
	
	Cryptosporidium spp.
	46  
	46  
	92  

	
	
	Isospora belli
	0  
	2  
	2  

	
	
	Sarcocystis spp.
	0 
	0  
	0  

	
	Guava (Psidium guajava)
	Cyclospora cayetanensis
	0  
	18  
	18  

	
	
	Cryptosporidium spp.
	12  
	44  
	56  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Mango (Mangifera indica)
	Cyclospora cayetanensis
	4  
	24  
	28  

	
	
	Cryptosporidium spp.
	12  
	64  
	76  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Apple (Malus domestica)
 
	Cyclospora cayetanensis
	0  
	8  
	8  

	
	
	Cryptosporidium spp.
	18  
	19  
	37  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	TOTAL
	
	 
	102  
	255  
	357  

	VEGETABLES
	Lettuce (Lactuca sativa)
	Cyclospora cayetanensis
	20  
	50  
	70  

	
	
	Cryptosporidium spp.
	34  
	74  
	108  

	
	
	Isospora belli
	0  
	12  
	12  

	
	
	Sarcocystis spp.
	4  
	2  
	6  

	
	Cabbage (Brassica oleracea var. capitata)
	Cyclospora cayetanensis
	22  
	38  
	60  

	
	
	Cryptosporidium spp.
	56  
	60  
	116  

	
	
	Isospora belli
	2  
	4  
	6  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Eggplant (Solanum melongena)
	Cyclospora cayetanensis
	6  
	34  
	40  

	
	
	Cryptosporidium spp.
	20  
	56  
	76  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Carrot (Daucus carota subsp. Sativus)
	Cyclospora cayetanensis
	22  
	20 
	42  

	
	
	Cryptosporidium spp.
	34  
	40  
	74  

	
	
	Isospora belli
	2  
	0  
	2

	
	
	Sarcocystis spp.
	0  
	2
	2

	TOTAL
	 
	 
	222  
	392  
	614  

	 
	Date (Phoenix dactylifera)
	Cyclospora cayetanensis
	0  
	20  
	20  

	SEEDS
	
	Cryptosporidium spp.
	16  
	22  
	38  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Cola (cola acuminata)
	Cyclospora cayetanensis
	24  
	43  
	67  

	
	
	Cryptosporidium spp.
	38  
	56  
	94  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Hazelnut (Corylus avellana)
	Cyclospora cayetanensis
	0  
	6  
	6  

	
	
	Cryptosporidium spp.
	6  
	0  
	6  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Tiger Nut  (Cyperus esculentus)
 
	Cyclospora cayetanensis
	10  
	14  
	24  

	
	
	Cryptosporidium spp.
	10  
	10  
	20  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	TOTAL
	
	 
	104  
	171  
	275  

	DRINKS
	Rotten milk
	Cyclospora cayetanensis
	0  
	0  
	0  

	
	
	Cryptosporidium spp.
	10  
	2  
	12  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Red hibiscus flowers   juice  (Hibiscus sabdariffa)
	Cyclospora cayetanensis
	4  
	0  
	4  

	
	
	Cryptosporidium spp.
	0  
	10  
	10  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Bucket water 
	Cyclospora cayetanensis
	0  
	2  
	2  

	
	
	Cryptosporidium spp.
	0  
	4  
	4  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	
	Sachet
	Cyclospora cayetanensis
	0  
	0  
	0  

	
	
	Cryptosporidium spp.
	0  
	2  
	2  

	
	
	Isospora belli
	0  
	0  
	0  

	
	
	Sarcocystis spp.
	0  
	0  
	0  

	TOTAL
	 
	
	14  
	20  
	34  



High densities of Cryptosporidium spp. were found on the surface of fruits and vegetables and drinks sold in Yaounde markets, followed by Cyclospora cayetanensis, while low densities of Isospora belli and Sarcocystis spp were found on these foods. This high density of Cryptosporidium spp. and Cyclospora cayetanensis has been reported on vegetables in Nigeria (Maikai et al., 2013) and on vegetables and fruits in Ethiopia (Tefera et al., 2014). However, the presence of Cryptosporidium spp., Cyclospora cayetanensis on vegetables and fruits was found to be low in China (Li et al., 2020). However, low densities of Isospora belli have also been reported in Ghana (Duedu et al., 2014). These results can be directly linked to the nature of the wall of each oocyst. In fact Cryptosporidium spp. is very abundant in nature and very resistant in the environment compared to its small size and its double wall, they have a thicker outer layer which protects them against harsh environmental conditions. This allows them to survive longer in the environment and easily been spread (Pierre et al., 2020). On the other hand, Sarcocystis spp. having an ovoid shape and containing sporozoites. Their shells are thin and offer little protection against harsh environments. 
At the seasonal level, the parasite load on fruits and vegetables was higher during the SRS period, totaling 838 oocysts/g, and lower during the LDS period,  442 oocysts/g (Sim et al., 2017). This could be explained by the rains observed during the rainy season which moisten the soil, thus facilitating the spread of oocysts. Rain provides nutrients that promote the growth and maturation of oocysts, rain also creates a humid environment perfect for oocyst maturation (LeBari, 2022). Additionally, precipitation can spread oocysts into the environment, increasing the risk of contamination of fruits and vegetables. Finally, the humidity and heat of the rainy season can promote parasitic infestation and contamination of crops. 
The parasitic load of oocysts on fruits and vegetables is higher at the Mokolo market than at the Mfoundi market. The attendance and the size and organization of the markets may explain this observation. In fact, the Mokolo market is larger and busier and poorly organized. The Mokolo markets are an all-rounder, in fact the particularity of this market is that we find all types of products, there is a wide variety of foods, including fresh fruit and vegetables, meat and fish and drinking water, as well as prepared foods. There are also animals that are killed and gutted on site, there are also non-food products, household items and clothing (Soudy, 2020). This can explain the high number of population in this market, making it easy for intestinal parasites to spread within said markets (Omalu et al., 2013). The Mfoundi market, on the other hand, is smaller, less crowded and better organized. This reduces the risk of contamination by oocysts as presented by Li et al, 2020. 
At the food level, variations in the number of oocysts have been noted. This variation in contamination rates of different foods may be partly due to differences in the shape and surface of vegetables and fruit grains. Green leafy vegetables like lettuce (Lactuca sativa) have irregular surfaces that make it easier for parasitic oocysts to adhere. In contrast, fruits with smooth surfaces, such as apples, have the lowest prevalence rates. Other studies have also demonstrated a higher contamination rate in leafy vegetables (Maikai et al., 2013).
IV. Conclusion
According to the results obtained involving the collection and analysis of fruits, seeds, drinks, and vegetables, protozoan parasites like Cryptosporidium spp., Cyclospora sp., Isospora belli and Sarcocystis spp. are present. A total of 322 oocysts/g of Cryptosporidium spp. were identified, with Cryptosporidium spp. being the most prevalent. The findings revealed that lettuce and cabbage had the highest contamination rates, highlighting the potential health risks associated with these commonly consumed vegetables. The Mokolo market showed a slightly higher contamination rate compared to the Mfoundi market, and a higher number of oocysts was detected during the short rainy season. Despite these findings, no significant association was found between the presence of oocysts and the type of food, sales markets, or season. The presence of parasites in these foods and water is a potential source of disease. It is therefore crucial to take immediate measures to reduce contamination and ensure food safety for consumers.
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