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Parasitic contamination of urban surface waters in Ouagadougou, Burkina Faso: implications for  public health 
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ABSTRACT 

	Aims: Urbanization in African cities has led to significant public health challenges, largely attributable to inadequate sanitation infrastructure. Poor surface water quality is the source of the spread of communicable diseases. This study aimed to examine parasite contamination in surface waters in the city of Ouagadougou..
Study design: A parasitological study was conducted on six water bodies in the city of Ouagadougou, from May 2023 to June 2024. 
Methodology: Water samples were collected during the rainy and dry seasons. A multiparameter device was used to measure the pH, temperature, electric conductivity, and total dissolved solids (TDS) of water on site. Samples were subjected to microscopic examination after the modified Bailenger method and the modified Ziehl–Neelsen technique. The prevalence of parasites was compared by site and season using a chi-squared test. The effect of physicochemical parameters on parasite occurrence was assessed by Spearman’s correlation test.
Results: Microscopic analysis of the 84 samples collected revealed nine species of parasite. The most prevalent were Giardia duodenalis (55.9 %), Cryptosporidium spp (50 %), and Entamoeba histolytica/Entamoeba dispar (23.8%),.The hot period of the dry season recorded the highest prevalence of G. duodenalis (p=.035), E. histolytica/E. dispar (p<.001), A. lumbricoides (p=.027), S. haematobium (p=.0003), F. hepatica (p=.0003), and T. intestinalis (p=.020). The prevalence of E. histolytica/E. dispar was positively correlated with water temperature (0.26), conductivity (0.34), and TDS (0.28). 
Conclusion: Our study found a substantial level of parasitic contamination in the surface waters in the city of Ouagadougou. The presence of parasites in the environment (water) poses a significant public health risk in developing countries facing rapid urbanization.  
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1. INTRODUCTION 

The urbanization phenomenon resulting from the demographic explosion and rapid expansion of African cities has increased water demand, thereby placing considerable pressure on surface water resources (Dahani & Compaore, 2021). These surface waters, including ponds and backwaters, have always served as sources of water supply, predating even modernization.  However, due to population growth in urban areas, these surface waters are now being polluted by untreated domestic and industrial wastewater.  In the city of Ouagadougou, environmental and sanitation issues are major problems. In particular, wastewater disposal is still very basic(Zoma et al., 2022). The combination of this wastewater and the substandard hygiene conditions experienced by the population has been identified as a significant source of microbial contamination of surface waters. (Mbouombouo et al., 2020). Given that these waters serve as breeding grounds for waterborne diseases, it is evident that they pose a significant risk to human and animal health.  In general, the parasite transmission cycle begins with the excretion of cysts, oocysts, or eggs by an infected person or animal. These parasitic forms persist in the environment and can contaminate water and food. Parasitic intestinal diseases are caused by helminths or protozoa, which infest humans through skin or ingestion of contaminated water or food. The diseases can cause diarrhea, the onset of which is linked to hygiene levels, socio-economic status, eating habits, and climatic factors (Mbouombouo et al., 2020),,(Nono & Bilong, 2012). In addition, environmental factors significantly influence the transmission of intestinal protozoan (Cociancic et al., 2021). The transmission of intestinal parasites is generally considered to be “mediated by the environment”, which suggests that they are particularly sensitive to the changes that occur in it (Eisenberg et al., 2007).  
Previous studies have already demonstrated the presence of these parasites in African aquatic environments. Mbouombouo et al., (2020) identified eight helminth species, with the most prevalent being Strongyloides larvae and Ascaris lumbricoides eggs in Cameroon, and Mbouombouo et al., (2019) revealed the presence of coccidia in surface water, with a predominance of Cryptosporidium spp. in terms of intensity. The study by Clément et al., (2023) identified helminths and protozoa at a global rate of 67.2% in pipe water in the city of Abidjan, in Côte d’Ivoire. In Burkina Faso, Kpoda et al., (2015) identified five species of helminths and three species of protozoa in irrigated water in the city of Ouagadougou. 
Nonetheless, it has been observed that Burkina Faso is undertaking initiatives to enhance its comprehension of the contamination of surface water by bacteria. (Dianou et al., 2011);Ouattara et al., 2015);Dabre et al., 2025). However, recent data are scares regarding protozoan and helminth parasite contamination in water bodies. Quantitative control of the presence of parasites is important for effective management of water quality (Ongerth, 2013). In light of the substandard sanitation conditions that prevail in the city of Ouagadougou, surface water contamination is a plausible concern, with the potential to serve as a significant source of infections caused by parasites in humans. Field studies are therefore essential to understand these parasites and to establish control measures (Savioli et al., 2006). The aim of this study is to investigate the contamination of surface water in the city of Ouagadougou and the surrounding area by parasites.

2. material and methods 

2.1 Study sites and period
The water samples were collected from six key reservoirs in the city of Ouagadougou, from June 2023 to May 2024. The selected sites include: the reservoir n°1, the reservoir n°2, the reservoir n°3 located in Ouagadougou (Tanghin1, Tanghin2, Tanghin3), and the reservoirs of Loumbila, Boulmiougou, and Yamtenga (Figure 1). These locations were chosen based on their significance in providing drinking water, water used for human activities such as fishing, market gardening, construction of housing and roads, laundry, and swimming. The water from some of these reservoirs (Loumbila reservoir) is treated and distributed as drinking water for the population. 
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Figure 1: Map of the city of Ouagadougou showing collection sites

2.2 Surface water sampling
Water samples were collected following seasons: the rainy season (June - October), and the dry season (November – May), which can be divided into two periods: the cold period (November - February), and the hot period (March - May). Four water samples of 5 liters each were taken at each site (Kpoda et al., 2015), two upstream and two downstream. These samples were transported in cool boxes to the laboratory for parasite analysis. 
Before each sample was taken, the physicochemical parameters, including temperature, pH, electrical conductivity, and TDS (Total Dissolved Solids), were measured in situ using a multi-parameter instrument. 

2.3 Laboratory processing
[bookmark: _Hlk216330839]Once in the laboratory, the water samples are emptied into containers and decanted for at least 24 hours to allow sedimentation of heavier particles and organisms. Then 4.5L (90%) of the supernatant was discarded. The remainder was subjected to microscopic analysis, first in the fresh state, then using the modified Bailenger method (R. M. Ayres & Duncan, 1997),(Kpoda et al., 2015), to identify helminths eggs and protozoan cysts, and finally the modified Ziehl-Neelsen stain (R. M. Ayres & Duncan, 1997), which is specific for detecting Cryptosporidium and other coccidia by microscopy. The parasites were identified based on parasite morphology described in Des & Ménagères, (2012), and  M. Ayres et al., (1996). For quality control, two qualified microscopists examined each sample. In case of discrepancy, a third was consulted. For fresh analysis, a drop of the centrifugation pellet was taken and observed under a microscope at a magnification of 20X. This method was used to quickly identify cysts and vegetative forms of parasites.
For the Bailenger method, after initial centrifugation of the samples contained in tubes, the centrifugation pellet was suspended in its volume of acetoacetic buffer at pH 4.5, and the whole mixture was centrifuged at 1500g for 15 minutes. After centrifugation, each sample contained distinct phases, including a pellet containing the heavy debris, in particular helminth eggs and larvae, and protozoan cysts. Above the pellet was the clear buffer. The upper part was discarded. A drop of the sediment was taken with a Pasteur pipette and placed on a slide for microscopic examination after being covered with a coverslip, at 40x magnification. The ether and zinc steps were omitted, as their absence has no significant influence on the results (Kpoda et al., 2015).
For Ziehl-Neelsen staining modified by Henriksen and Pohlenz (1981), in order to detect cryptosporidia, smears were made from the sediment obtained using the Bailenger method and dried in the open air. They were then fixed in methanol for 5 minutes and air-dried.  The smear slides were then immersed in Ziehl's fuchsin (a reagent prepared in the laboratory) for one hour. After rinsing with water, they were decolorized with 2% sulfuric acid solution for 20 seconds. Another rinse with water followed this decolorization, then the slides were immersed in a methylene blue solution for 5 minutes, followed by a final rinse with water. They were then dried and observed under an optical microscope with a ×100 immersion objective. The oocysts appear colored red or fuchsia pink on a blue background(R. M. Ayres & Duncan, 1997),(Mouheb, 2018),(Kasmi et Saidouni, 2016).

2.4 Statistical analysis 
[bookmark: _Hlk198804884]The presence and number of each parasite species identified were recorded according to sampling sites. Statistical analysis was performed using Python 3.10. The chi-square test and Pearson test were used to compare the prevalence obtained with a significance level of 5% for a confidence interval (CI) of 95% (p<0.05 S; p>0.05 NS). Spearman's correlation test was used to analyze the correlations between temperature, pH, TDS, conductivity, and parasites
 

3. results 

3.1 Sampling effort
A total of 84 water samples were collected for analysis. Of these, 16 were collected from each reservoir of Boulmiougou, Loumbila, and reservoir n°1 of Ouagadougou. Twelve samples were collected in each from three reservoirs (n°2, n°3 dam of Ouagadougou, and in Yamtenga reservoir).

3.2 Occurrence of parasites in surface waters
Nine parasitic species were observed and identified. Both protozoan cysts or oocysts and helminth eggs were detected (Figure 2). Giardia duodenalis and Cryptosporidium spp. were found at all of the visited sites. Entamoeba histolytica/Entamoeba dispar was found in five of the six sites visited, while the other parasites were detected in two sites, except Trichuris trichiura, which was only identified in Yamtenga.  Overall, the proportion of parasites in the study sites was 90%. Giardia duodenalis was the most prevalent parasite at 55.9%, followed by Cryptosporidium spp. at 50%. Trichuris trichiura was the least prevalent parasite, at 1.1% (Table 1).



Table 1: Parasite occurrence in surface water in the city of Ouagadougou 
	Parasites
	Parasites species
	Occurrence%

	Protozoan
	G. duodenalis
	55.9

	
	Cryptosporidium spp.
	50

	
	E. histolytica/E. dispar
	23.8

	
	E. coli
	4.7

	
	T. intestinalis
	3.5


	Helminths
	A. lumbricoides
	10.7

	
	F. hepatica
	7.1

	
	S. haematobium
	2.3

	
	T. trichiura
Other helminth species eggs
	1.1
15.4
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Figure 2: Microscopic observation of parasites (indicated by blue arrows) (a) eggs of Fasciola hepatica, (b) eggs of Schistosoma haematobium, (c) eggs of Ascaris lumbricoides, (d) Oocysts of Cryptosporidium spp., (e) cysts of Giardia duodenalis, and (f) cyst of Entamoeba coli.


3.3 Spatial distribution and abundance of parasites  
Parasites were present at all sites, but Cryptosporidium spp. and G. duodenalis were the most abundant. The abundance of other parasites was almost insignificant. G. duodenalis was the most prevalent parasite at all sites except the Loumbila and Ouagadougou Reservoir 1 (Figure 3)

[image: ]
Figure 3: Distribution of the parasite frequencies by site

3.4 Prevalence of parasites according to the seasons
The highest parasite prevalence was recorded during the rainy season and the hot period of the dry season. Spearman’s correlation test showed a statistically significant difference in the prevalence of G. duodenalis (p=.035), E. histolytica/E. dispar (p<.001), A. lumbricoides (p=.027), S. haematobium (p=.0003), F. hepatica (p=.0003), and T. intestinalis (p=.020) and season. Seasonal variations affect the prevalence of parasites in surface water (Figure 4).
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Figure 4: Distribution of parasite proportions by season

3.5 Variation in physico-chemical parameters by collection site and season 
The results of this study show that temperatures are generally higher during the hot and rainy seasons. At the Yamtenga reservoir, the average temperature during the hot season is the highest, ranging from 32 to 35 °C. The Tanghin n°2 and Boulmiougou dam lakes have more stable temperatures, while at Loumbila and Yamtenga, the temperature variation is more pronounced.
As for pH, it is mostly alkaline at all sites (above 7) with a few neutral values (7-7.5). The Tanghin 1 reservoir has a very high pH during the rainy season (above 9). The general trend is that it is slightly higher during the rainy season than during other seasons.
Regarding conductivity, the Tanghin1 and Boulmiougou reservoirs have the highest conductivity (above 600 µS/cm). Loumbila has the lowest conductivity (approximately 50–90 µS/cm). In general, conductivity decreases slightly during the rainy season. TDS is correlated with electrical conductivity, with higher values at Tanghin1 and Boulmiougu. These results are shown in figure5.

[image: ]
Figure 5: Variation in temperature (a), pH (b), conductivity (c) and TDS (d) according to site and season

3.6 Influence of physical and chemical parameters on the presence of parasites 
Spearman's correlation test shows that physical and chemical parameters influence the presence of certain parasites. The prevalence of E. histolytica/E. dispar was positively correlated with temperature (0.26), conductivity (0.34), and TDS (0.28).  Schistosoma haematobium (0.40 and 0.37), and Fasciola hepatica (0.35 and 0.25) were positively correlated with conductivity and TDS. A negative correlation between E. coli and temperature (-0.29) was recorded. The results are plotted in figure 6, with yellow squares indicating significant correlations.
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Figure 6: Correlations between parasites and physico-chemical parameters

4. DISCUSSION
Demographic pressure and the absence of adequate sanitation measures in the African urban areas are the main factors of surface waters contamination by chemical products and pathogens. This study assessed the level of parasitic contamination in 6 water reservoirs in the city of Ouagadougou. The results indicated that the water bodies visited were heavily contaminated by diverse parasites. A total of nine parasite species were observed, including five protozoa and 4 helminths. Giardia duodenalis and Cryptosporidium spp were found in all study sites, with the highest prevalence at 55.9% and 50%, respectively. This prevalence of G. duodenalis is lower than that found by LeChevallier et al., (1991) and Bataiero et al. (2019), which were 81.2% and 83%, respectively. For Cryptosporidium, a prevalence of 66.67% was reported in Ghana by Sampson et al., (2017). LeChevallier et al., (1991) found a prevalence of 87%, and Bataiero et al., (2019) found 37.5% in the same type of water. In the Middle East and North Africa, a meta-analysis highlighted the presence of 24.5% for Cryptosporidium and 37.7% for Giardia in the different categories of water, wastewater, and surface water, which are the most contaminated (Ben et al., 2024). Higher Giardia and Cryptosporidium prevalences of 73% and 60%, respectively, were found in Austria (Cervero-Aragó et al., 2021). However, according to a meta-analysis, the overall prevalence of Cryptosporidium in all types of water worldwide between 1983 and 2019 was 36%, of which 25.7% was found in treated water and 40.1% in untreated water (Taghipour et al., 2021). Recently, in Türkiye, a prevalence of 7.7% of E. histolytica/E. dispar was found in several types of water (drinking water, well water, spring water, wastewater and surface water) by Candan et al., (2024), compared to 23.8% in the present study. Eduardo et al., (2024) found 34.37% of Ascaris spp and 5.20% of Trichuris spp. in surface water. These figures exceed the prevalence rates shown in the present study. Mbouombouo et al., (2020) provided empirical evidence for the presence of helminth eggs in surface waters, exhibiting variable levels of density. The findings indicate that parasites are distributed extensively in the environment, particularly in water, and to varying degrees depending on the sampling site, the country, and the analysis methods employed. The findings can be attributed to the role of surface water as a receptor for wastewater, which is defined as liquid waste comprising human and animal excrement. Additionally, run-off water plays a significant role in the transportation of various types of waste with elevated pollution loads. Run-off water from agricultural land that has been treated with manure, for example, has the potential to contaminate local surface waters. (Innes et al., 2020,,Lamb et al., 2018)
The prevalence of these parasites varied seasonally. Indeed, a statistically significant difference was found between the prevalence of G. duodenalis, E. histolytica/E. dispar, A. lumbricoides, S. haematobium, F. hepatica, and T. intestinalis, and the season. The hot dry period of the dry season and the rainy season are the periods with the highest presence rate. About G. intestinalis, the highest prevalence and parasite densities were recorded during the rainy season. This phenomenon can be attributed to the fact that during this period, significant quantities of waste and parasites are drained into water reservoirs by runoff water. These results are consistent with those reported by Ryu & Abbaszadegan, (2008), who observed a higher prevalence during the rainy season due to runoff water.. Seasonality has an impact on the variation of physical and chemical parameters. During the rainy season, surface waters undergo dilution due to rainfall, leading to a decrease in conductivity/TDS and an increase in pH. Higher temperatures during the hot season are due to a possible increase in mineralization.
A subsequent analysis of the results indicates that there are no statistically significant differences between parasite occurrence by site, although in some sites, G. duodenalis appears to be more prevalent. E. histolytica/E. dispar was positively correlated with electrical conductivity and TDS. These results are in line with those obtained by El-tantawy et al., (2016), who had observed a significant correlation between electrical conductivity and total dissolved solids and the prevalence of the parasites studied (Cryptosporidium, Giardia, and Entamoeba histolytica); However, in the present study, no correlation was found between the prevalence of Giardia duodenalis and the physico-chemical parameters measured. The presence of Schistosoma and Fasciola eggs was found to be correlated with conductivity and TDS. Electrical conductivity and total dissolved solids (TDS) are significantly linked, as if they were two sides of the same coin. Total dissolved solids (TDS) are comprised of mineral products that have dissolved in water. The dissolved bodies in question are derived from a variety of sources, including urban wastewater and industrial units (MDH, 2005). This phenomenon elucidates the high rate of water contamination by parasites. A positive correlation was identified between E. histolytica/E.dispar and temperature. The elevated prevalence observed during the hot period of the dry season, when temperatures are also high, can explain this observation. The lack of correlation between pH and the presence of parasites is noteworthy, despite this parameter being an indicator of water quality. Ehsan, (2015) had already highlighted this lack of correlation with G. duodenalis and Cryptosporidium spp. parasite densities.
The health risks associated with surface water contamination arise from the fact that parasites excreted by infected human and animal hosts, contaminate surface water as a result of anthropogenic pressures such as wastewater discharge, runoff water, agricultural runoff, animal waste, and human activities around reservoirs. Human exposure could occur indirectly through the consumption of inadequately treated drinking water or contaminated food. The most exposed populations are riparian communities, users of water reservoirs, and vulnerable groups. The movement of water and people can create a greater dynamic of exposure to parasites
This study has limitations. One limitation is that microscopy was used as the sole method of parasitological analysis, despite it being less sensitive and specific.  Cartridge filtration, IMS, and IFA with molecular biology techniques, which are currently the standard approaches and are much more sensitive and specific than microscopy, could be used. In addition, for microscopy, Lugol's solution would have made our parasites more visible and easier to detect.


5. CONCLUSION

The present study reveals that parasites heavily contaminate surface waters in and around the city of Ouagadougou. Indeed, the overall parasite occurrence recorded was 90%, with nine parasite species detected. Cryptosporidium spp. and G. duodenalis were the most prevalent, with 50% and 55.9%, respectively, and were found in all study sites. The prevalence of certain parasites varies according to season. Parasite occurrence was correlated with physico-chemical parameters such as temperature for E. histolytica/E. dispar and E. Coli; Electrical conductivity and TDS for E. histolytica/E. dispar, Schistosoma, and Fasciola eggs.
The presence of parasites in surface waters, as revealed in this study, poses a health risk for the population in permanent contact with these waters through the many anthropogenic activities they carry out. In addition, parasites such as G. duodenalis and Cryptosporidium spp. are known to be resistant to the usual disinfectants.
These results are a wake-up call and lay the groundwork for an effective fight against waterborne parasitic infections. Further studies on the viability of eggs, cysts, and oocysts, microbiological analysis of treated drinking water, and molecular characterization of the most widespread parasitic species and subspecies would greatly contribute to assessing the health risks associated with their presence in surface waters, thus enabling a more effective fight against the proliferation of parasitic infections in Burkina Faso
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