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 1 

ABSTRACT 2 

Some of the microorganisms present in urban wastewater, which include intestinal protozoa 3 

and nematodes, can be pathogenic. Their (oo)cyst and egg transmissible stages are very 4 

resistant to environmental stresses and disinfectants and they are therefore difficult to 5 

remove. Thus, they can constitute a health risk if water or sludge obtained in the purification 6 

of wastewater is reused for agricultural purposes. In this context, the presence of intestinal 7 

protozoa and nematodes were studied in influents, effluents and sludge from five wastewater 8 

treatment plants (WWTPs) in the north of Spain by optical microscopy and PCR techniques. 9 

The removal efficiency of different wastewater treatments was also compared. The presence 10 

of protozoa has increased among the population discharging waste to WWTPs in recent years. 11 

Cryptosporidium spp., Giardia duodenalis, Entamoeba spp. and nematodes were detected in all 12 

of the WWTPs. Indeed, this is the first report of Entamoeba histolytica and Entamoeba 13 

moshkovskii in Spanish WWTPs. The water treatments studied showed different removal 14 

efficiencies for each species of intestinal protozoa, with the aerated lagoons providing the best 15 

results. (Oo)cysts were also detected in sludge even after aerobic digestion and dehydration. 16 

To avoid risks, (oo)cyst viability should be analysed whenever the sludge is to be used as a 17 

fertilizer. This study reinforces the necessity of establishing legal limits on the presence of 18 

protozoa in WWTP effluents and sludges, especially if reuse is planned. Further studies are 19 

necessary for a better understanding of the presence and behaviour of intestinal parasites. 20 

Keywords: Intestinal protozoa; nematode; wastewater treatment plant; water reuse; sludge 21 

reuse. 22 
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1. INTRODUCTION 24 

Intestinal protozoa and nematodes are diarrhea-causing parasites. Their presence is 25 

widespread, although they are more recurrent in developing countries where annually 485,000 26 

deaths – 297,000 being children under five years old – are related to diarrhea caused by 27 

contaminated water (World Health Organization, 2018a, 2011). In Spain, Cryptosporidium spp. 28 

and Giardia duodenalis are the most common infective parasites, though Entamoeba 29 

histolytica and nematode infections have also been recorded, but less frequently (Carranza-30 

Rodríguez et al., 2018; Spanish Microbiological Information System, 2017). As far as we know, 31 

Entamoeba moshkovskii had never hitherto been reported in Spain. 32 

All these pathogens can cause chronic as well as asymptomatic infections in humans. 33 

Moreover, animals can be infected and become a reservoir for most of the pathogens. The 34 

existence of healthy carriers, along with underdiagnosed and underreported cases, contributes 35 

to the spread of such pathogens into the environment. This situation means that the real 36 

infection rates are hidden and  the seriousness of the impact on the public is underestimated 37 

(World Health Organization, 2011). 38 

The transmissible stages of intestinal parasites, (oo)cysts and eggs, are excreted with faeces. 39 

Thus, their presence in wastewater may be expected. However, due to the fact that they are 40 

highly resistant to environmental stresses and disinfectants, and that conventional wastewater 41 

treatment plants (WWTPs) are not designed to remove them, parasitic protozoa and 42 

nematodes are sometimes present in effluents and, consequently, they are usually discharged 43 

into water bodies (Mosteo et al., 2013). Hence, they can easily spread through the 44 

environment, where they can remain viable for long periods, posing a potential health risk 45 

(Ben Ayed et al., 2009). 46 

This situation is of concern, especially when reclaimed water is reused for agricultural 47 

irrigation, an increasingly common practice as a strategy for reducing water scarcity. Treated 48 
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water is also reused for recreational, environmental, urban or industrial purposes, which might 49 

also increase potential infection (Ben Ayed et al., 2009; Mosteo et al., 2013). Nevertheless, 50 

European regulations on wastewater treatment (Council Directive 91/271/EEC) only establish 51 

limits for some physicochemical parameters of WWTP effluents. Spanish regulations for the 52 

reuse of treated water (Royal Decree 1620/2007) limit bacteria and nematode egg 53 

concentrations and, in the case of water reuse for agriculture, restrictions are also imposed on 54 

Taenia spp. eggs. Some countries such as Tunisia have regulations similar to the Spanish  as 55 

they establish chemical, bacteriological and helminth ova limits for treated water and sludge 56 

(Ben Ayed et al., 2009; Khouja et al., 2010). However, other countries contemplate more 57 

parameters in their regulations. For example, French regulations include faecal enterococci, F-58 

specific bacteriophages and sulphate-reducing bacteria as indicators of pathogenic bacteria, 59 

viruses and protozoan parasites, respectively (Abeledo et al., 2018). In some states of the USA, 60 

in Australia, Canada and the UK, regulations include the control of the presence of 61 

Cryptosporidium in drinking or recreational water (Montemayor et al., 2005). 62 

European Union regulations (Council Directive 98/83/EEC) concerning water intended for 63 

human consumption state that water should not contain any microorganism or parasite that 64 

could pose a human health risk. However, Escherichia coli is established as a faecal 65 

contamination indicator even though the lack of correlation between its presence and the 66 

occurrence of parasites has been proved (Tandukar et al., 2018). As an example of this lack of 67 

correlation, coliform bacteria are very sensitive to UV (Feitosa et al., 2013) while the eggs of 68 

parasites and protozoa are more resistant than bacteria. Indeed, protozoa contamination has 69 

already been detected in effluents from drinking water treatment plants in Spain (Castro-70 

Hermida et al., 2010). 71 

Sludge obtained as a by-product of urban wastewater treatment can be reused as a soil 72 

amendment or fertilizer due to the high content of organically bound nitrogen and 73 
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phosphorous (Lasheras, 2011), as long as regulations are met. In this case, it should be taken 74 

into account that (oo)cysts and eggs – not considered in Spanish regulations (Order 75 

AAA/1072/2013; Royal Decree 1310/1990) –  removed from water during wastewater 76 

treatments are settled in sludge, where they can persist unless the necessary sanitization 77 

processes are carried out (Konaté et al., 2013). These processes must ensure the elimination of 78 

potentially pathogenic microorganisms that may pose a risk to health. 79 

To date, various studies have been carried out on the overall elimination effect of intestinal 80 

parasites by purification processes (Amoah et al., 2018; Berglund et al., 2017; Fu et al., 2010; 81 

Konaté et al., 2013; Lim et al., 2007; Reinoso et al., 2008). Some of the WWTPs considered 82 

here have been previously studied (Mosteo et al., 2013), one of them in considerable detail, 83 

revealing the presence of intestinal protozoa and helminth eggs in each of the intermediate 84 

processes (Marín et al., 2015). The results of these previous studies suggested that testing 85 

different treatments in order to compare their effectiveness for the elimination of these 86 

parasites would be interesting, (1) to achieve a better understanding of the interaction and 87 

survival capacity of protozoa and nematodes in water and sludge, (2) to enhance parasitic 88 

infection risk studies, and (3) to make the  necessary adaptations to WWTPs according to the 89 

needs of the population. 90 

The aim of this work was to identify the parasitic protozoa present in the influents, effluents 91 

and sludge from five WWTPs and to compare the removal efficiency of intestinal protozoa and 92 

nematode eggs by the different processes carried out in these plants. Additionally, the reuse 93 

possibilities of treated water and sludge have been analysed.  94 

2. MATERIALS AND METHODS 95 

2.1. Collection of wastewater samples 96 

Five wastewater treatment plants (WWTP) located in the north of Spain were investigated in 97 

order to determine the presence of pathogenic intestinal protozoa and nematode eggs. All the 98 
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plants received municipal wastewater and discharged their effluents directly into the Ebro 99 

River Basin. One of them (E) had a bath zone downstream. The characteristics of the WWTPs 100 

studied are described in Table 1. WWTP A, B and C had been previously studied (Marín et al., 101 

2015; Mosteo et al., 2013) and therefore their evolution over time can be surveyed. 102 

The operational processes of each WWTP are summarized in Figure 1. They include 103 

preliminary, primary, secondary and, in some cases, tertiary treatments. The exception to the 104 

other treatment plants was WWTP E which did not have any wastewater pre-treatment or 105 

primary treatment. Instead, the influent entered directly into an Imhoff tank. This tank consists 106 

of an upper chamber where sedimentation takes place, from which  inorganic and organic 107 

solids slide down sloping walls  to an entrance into a lower chamber where sludge is collected 108 

and the organic fraction is partially digested under natural environmental conditions (water 109 

temperature 7 – 18 ˚C) (Metcalf and Eddy, 1995). This sludge was periodically extracted by a 110 

tank truck and transported to another plant for treatment. In WWTPs A and B, the generated 111 

sludge was treated in the plant itself by aerobic digestion under mesophilic conditions and 112 

afterwards by sludge thickeners. In the digestion under mesophilic conditions, temperatures 113 

ranged between 35 °C and 45 °C, with a hydraulic retention time of 12 hours. Every 12 hours, 114 

fresh sludge was loaded bringing the temperature down to 35 °C, which subsequently rose to a 115 

maximum of 45 °C. In WWTPs C and D, the sludge was only thickened. Sludge from WWTP E 116 

was not treated in the plant itself (the degradation in the imhoff tank being considered 117 

negligible) so it was not analysed.  118 

Samples were taken in spring 2015 in sterile bottles for further analysis, following the ISO 119 

5667-3:2012 procedure. Five or twenty liters of water, depending on the turbidity, were taken 120 

from the influent, effluent and some interesting intermediate stages for each WWTP. These 121 

point samples are indicated in Figure 1. Sludge samples were taken according to their 122 
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availability and accessibility during the collection day. Five liters of the raw sludge were taken, 123 

while 500 g were taken in the case of treated sludge. 124 

2.2. Samples conditioning before parasite analyses 125 

2.2.1. Water 126 

Water samples were filtered through 0.7 µm Millipore® cellulose nitrate membranes. The 127 

filters were then washed with Tween 80 0.1 % in the presence of zirconium balls and 128 

centrifuged at 1,000 x g for 15 min (Ayres and Mara, 1996). An aliquot of both the elution from 129 

the filters and the pellet were analysed by microscopy and molecular techniques. 130 

2.2.2. Sludge 131 

Five liters of sludge samples were centrifuged at 10,000 x g for 20 minutes (Beckman J2-21 132 

centrifuge) in order to perform an initial water-dewatered sludge phase separation. Both 133 

phases were collected in sterile bottles separately. The supernatant was centrifuged again in 134 

the same conditions so that the separation was more effective. The solid phase from the 135 

second centrifugation was added to the first. Both water phases from both centrifugations 136 

were filtered as water samples (2.2.1.). The elution from the filters and the dewatered sludge 137 

were analysed by microscopy and molecular techniques separately. 138 

2.3. Parasite analyses 139 

2.3.1. Microscopy analyses 140 

The sample filtrates were concentrated by the formalin ethyl-acetate method and observed 141 

under an optic microscope to detect the presence of protozoa (oo)cysts and helminth eggs 142 

(Young et al., 1979). In addition, smears from all the concentrated samples were stained by 143 

modified Ziehl-Neelsen stain to detect coccidian oocysts, such as Cryptosporidium oocysts 144 

(Henriksen and Pohlenz, 1981). Between three and five smears were observed for each 145 

sample. 146 
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2.3.2. Molecular biology analyses 147 

PCR techniques were used to identify the presence of Crysptosporidium spp., Giardia 148 

duodenalis and Entamoeba spp. Total DNA extraction was carried out using a commercial kit 149 

(Norgen Biotek Corp Stool DNA Isolation Kit, Ontario, Canada). The target genes and protocols 150 

used for the PCR are shown in Table 2. A negative control in which DNA was replaced by 151 

double-distilled sterile water was included in each reaction. The PCR products were separated 152 

by electrophoresis on 1.5% agarose gel and visualized under a UV lamp (Vilbert Lourmat 153 

Transluminator) (6x8W-312 nm; power 55W). These PCR products were purified with GFX™ 154 

PCR DNA and a Gel Band Purification Kit (GE Healthcare) and directly sequenced in both 155 

directions. The nucleotide sequences obtained were analysed by the BioEdit v 7.2.5 program, 156 

compared with those registered in the GenBank database using the BLAST tool (Basic Local 157 

Alignment Search Tool of the National Centre for Biotechnology Information, NCBI) and 158 

registered in GenBank under numbers (MN187542- MN187549). 159 

3. RESULTS 160 

The results obtained are shown in Table 3. Cryptosporidium spp. (Table 3) was only found in 161 

WWTP C influent (C1) and effluent (C2), and in WWTP E effluent (E4). Surprisingly, it was not 162 

identified in the influent of WWTP E.  Cryptosporidium spp. was detected in the sludge at all of 163 

the sampling points in the plants (n = 4). Its detection in the aerobically digested sludge from 164 

WWTP A (A4) and B (B4) should be highlighted. Cryptosporidium concentration in the sludge 165 

was high enough to be detected by microscopy, but species identification was only possible in 166 

three positive sludge samples: two from WWTP B3 and one from A4. In all cases, 167 

Cryptosporidium hominis belonging to subtype IbA10G2 was identified by molecular 168 

techniques after the sequence of a gp60 gene fragment was analysed. The sequence of a 169 

fragment of SSU gene allowed the identification of C. parvum in the  WWTP C dewatered 170 

sludge sample (C3), although its size was too small for GenBank registration. In the remaining 171 
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samples, Cryptosporidium species identification could not be achieved due to the multiple 172 

peaks present in the analysed sequences, which may have been caused by the presence of 173 

numerous individuals or low concentrations of the parasite. 174 

Giardia duodenalis was detected in three WWTP influents (A1, B1 and C1) and only in one 175 

WWTP effluent (C2). G. duodenalis assemblage B was identified by molecular techniques in C1 176 

and its sequence was registered in GenBank, while no cysts were observed by microscopy 177 

either in water or in sludge. As with Cryptosporidium, sequences of the remaining positive 178 

samples could not be obtained for species identification.  179 

Entamoeba histolytica/dispar/moshkovskii were detected in every water and sludge sample 180 

point (Table 3). In order to differentiate the species, and especially to identify the pathogenic 181 

E. histolytica, molecular techniques were performed, as the three species are morphologically 182 

identical when observed by optical microscopy. Entamoeba dispar was found in all the water 183 

and sludge sample points. E. moshkovskii was detected in four out of five influents (A1, B1, C1 184 

and D1) and four out of five effluents (A2, C2, D2 and E4). As regards sludge, E. moshkovskii 185 

was found both in the inlet and outlet of the aerobic digester in WWTPs A (A3 and A4) and B 186 

(B3 and B4), in addition to the WWTP D dewatered sludge (D3). Entamoeba histolytica was 187 

only detected in the influent and effluent of WWTP B (B1 and B2) with a very weak 188 

amplification in B1, whereas this was very intense in B2. Identified E. moshkovskii sequences 189 

from A2, A4, C1 and B3, together with an E. histolytica sequence from B2, were registered in 190 

GenBank (MN134036). 191 

No cestode eggs were found in any sample. Nematode eggs were detected in all of the WWTPs 192 

by optical microscopy. Eggs were found in every water and sludge sampling point of the 193 

WWTPs A, B and C. Larvae and eggs with larvae inside were observed in A2, B1 and C2. In the 194 

WWTP D effluent (D2), small eggs between 10-15 microns were found. In WWTP E, eggs were 195 
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detected at the Imhoff inlet and outlet (E1 and E2) and in the effluent (E4). Three eggs in A1, 196 

B2 and B4 were morphologically compatible with Ascaris spp. 197 

4. DISCUSSION 198 

4.1. Previous studies and prevalence of intestinal protozoa 199 

In the present work, intestinal diarrhea-causing protozoa, including Giardia spp., 200 

Cryptosporidium spp. and Entamoeba histolytica/dispar/moshkovskii, were found in all of the 201 

studied WWTPs. Three of these plants were analysed in previous studies (Mosteo et al., 2013; 202 

Marín et al., 2015).Samples were taken and analysed every three years (2009, 2012 and 2015) 203 

what allows to observe variations in the parasites found in each of the wastewater plants. 204 

Mosteo et al. (2013) studied WWTPs A, B and C and did not detect any of these protozoa 205 

(Mosteo et al., 2013). In subsequent research, Marín et al. (2015) analysed the bacteria and 206 

protozoa presence in every process of  WWTP A by molecular biological techniques. They 207 

identified shapes morphologically compatible with Cryptosporidium spp. oocysts in the 208 

influent, the thermophilic aerobic sludge digester inlet and outlet, and in the dewatered 209 

sludge. However, PCR results did not confirm their presence. By contrast, Giardia spp. cysts 210 

were not found by microscopy, but molecular techniques did allow the detection of Giardia 211 

assemblage B and AI in the coarse solids washing water from the influent primary screening 212 

and in the thermophilic aerobic sludge digester outlet, respectively. Entamoeba spp. cysts 213 

were observed by microscopy in the influent, in the grit removed during the pre-treatment and 214 

in the trickling filters biofilm. Despite this, E. histolytica, E. dispar and E. moshkovskii were not 215 

identified by PCR and hence the cysts would probably belong to other morphologically similar 216 

Entamoeba species (Marín et al., 2015). 217 

Considering the two previous studies and the present one, WWTPs A, B and C have been taken 218 

every three years (2009, 2012 and 2015). Only microscopy analyses were used in the earliest 219 
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study, while molecular techniques that significantly enhance the sensitivity were used in the 220 

subsequent studies. Also, a greater number of PCR techniques were used to analyze the 221 

samples taken in 2015, compared to those used with the samples taken in 2012. This may have 222 

influenced the finding of more parasitic protozoa in more sampling points in the current study 223 

than in the previous ones. However, Marín et al. (2015) used the molecular techniques in the 224 

analysis of WWTPA, but they did not find some of the protozoa identified in this study, soit can 225 

be inferred that the presence of protozoa must have risen among the population that 226 

discharges wastewater to this WWTP. 227 

It is worth noting that Castro-Hermida et al. (2008), Galván et al. (2014) and Montemayor et al. 228 

(2005) agreed that in Spain a peak of Cryptosporidium oocysts is observed in WWTPs during 229 

spring, the time of year when samples were taken in this study and the two preceding ones. In 230 

addition, an extraordinarily high number of these protozoa infections was detected in Spain 231 

during the year 2015 (Table 4), coinciding with the greater degree of detection found in this 232 

study. 233 

In Spain, the prevalence of G. duodenalis is between 1.3 and 8.3 times that of Cryptosporidium 234 

spp. (Table 4). Nonetheless, these values do not necessarily reflect the real infection rates 235 

since many cases are underestimated or asymptomatic (Hamilton et al., 2018; Nasser et al., 236 

2012; World Health Organization, 2011). 237 

From the Entamoeba histolytica/dispar/moshkovskii complex, only E. histolytica is considered 238 

pathogenic for humans and is thus notifiable. Its prevalence is very low in Spain (Table 4). E. 239 

dispar is considered a non-pathogenic commensal parasite for human beings, though its 240 

pathogenicity has recently been questioned (Oliveira et al., 2015). Meanwhile, the widely 241 

distributed E. moshkovskii is not considered pathogenic, even though it has occasionally been 242 

associated with gastrointestinal and dysentery symptoms (Ali et al., 2003; Heredia et al., 2012).  243 
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Cryptosporidium spp., Giardia duodenalis (syn. G: intestinalis, G. lamblia) and Entamoeba 244 

histolytica/dispar/moshkovskii are intestinal diarrhea-causing protozoa. Consequently, their 245 

load in WWTP influents is influenced by the infection and excretion rates of the local human 246 

and animal – domestic and wild – population (Hamilton et al., 2018; Nasser, 2016; World 247 

Health Organization, 2011, Ben Ayed et al., 2009; Berglund et al., 2017; Fonseca et al., 2016). 248 

In the present study, the fact that the content of the wastewater is mainly domestic might be 249 

the reason why these protozoa were found. Indeed, several studies have reported a high 250 

presence of oocysts in wastewater. Moreover, their ability to maintain their viability for almost 251 

one year and their high resistance to conventional water treatments allows Cryptosporidium to 252 

be preserved in effluents (Abeledo-Lameiro et al., 2018; Castro-Hermida et al., 2010, 2008; 253 

Cheng et al., 2009; Montemayor et al., 2005; Nasser, 2016; Ramo et al., 2017). In Spain, 254 

average concentrations of 6 – 350 oocysts/L and 1 – 390 oocysts/L in WWTP influents and 255 

effluents, respectively, have been reported (Castro-Hermida et al., 2010, 2008; Montemayor et 256 

al., 2005; Ramo et al., 2017). Also, Giardia cysts are very resistant to environmental stresses, 257 

being able to remain viable out of host during at least two months, and they are frequently 258 

found in WWTPs (Hamilton et al., 2018; Nasser et al., 2012). Average concentrations of 2 – 259 

14400 cysts/L from WWTP influents and 2 – 6000 cysts/L from WWTP effluents have 260 

previously been reported in the literature in Spain (Castro-Hermida et al., 2010, 2008; Ramo et 261 

al., 2017). In the case of Entamoeba histolytica/dispar/moshkovskii, their cyst and trophozoite 262 

forms cannot be distinguished by optical microscopy and for that reason Entamoeba species 263 

have not been differentiated in most research studies (Ben Ayed et al., 2009; Khouja et al., 264 

2010). 265 

4.2. Cryptosporidium spp.  266 

Cryptosporidium spp. was found in all the sludge sampling points whereas it was not found in 267 

water, except for WWTP C. This might be due to the adherence of the oocysts to organic 268 
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matter particles, which would enhance their precipitation and concentration in sludge, where 269 

they could be detected (Castro-Hermida et al., 2008; Hamilton et al., 2018; Nasser, 2016). 270 

In WWTP C, Cryptosporidium spp. was found in the influent and the effluent. The 271 

concentration of oocysts in the effluent might depend on the concentration in the influent and 272 

the treatments used in the WWTP (Cheng et al., 2009). Possibly, the greater presence of this 273 

protozoon was due to the solely domestic origin of the wastewater, in contrast to WWTPs A, B 274 

and D, where the sewage is a domestic and industrial mix (agribusiness and food-industries). 275 

Moreover, the aerated system of the secondary treatment might have promoted the flotation 276 

of the oocysts and their persistence in the effluent (Castro-Hermida et al., 2008). 277 

Low concentrations of oocysts were expected in wastewater, as they were not detected in any 278 

water sample except in the case of WWTP C, while they were found in all of the sludge 279 

samples. Results showed that the sludge treatments carried out in the WWTPs were not able 280 

to remove Cryptosporidium oocysts, this being consistent with the findings of other authors 281 

(Cheng et al., 2009; Graczyk et al., 2008; Ramo et al., 2017; Rimhanen-Finne et al., 2001). In 282 

fact, their presence in the digested and/or dewatered sludge would appear to reflect their 283 

capacity to resist the different treatments to which they are submitted. However,  to ensure 284 

that this is the case , viability studies are needed to avoid the spread of viable Cryptosporidium 285 

oocysts in the environment, which poses a significant human and animal health risk (Graczyk 286 

et al., 2008). 287 

Cryptosporidium hominis subtype IbA10G2 was identified in the WWTP B digester inlet (B3) 288 

and in the WWTP A sludge digester outlet (A4). Cryptoporidium parvum was identified in the 289 

sludge from WWTP C. These species are related to 90 % of Cryptosporidium infections, so their 290 

occurrence in urban wastewater is not surprising (Alves et al., 2003; Cieloszyk et al., 2012; Goñi 291 

et al., 2015). Moreover, the IbA10G2 subtype is the most widespread  throughout Europe, as 292 

well as in Spain (de Lucio et al., 2016). 293 
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The simultaneous presence of individuals of different species or genotypes in environmental 294 

samples is common and provides multiple peaks in the sequences of the fragments obtained 295 

by PCR, which prevent their identification. Another limitation of the PCR technique is the 296 

possible presence of organisms that provide nonspecific hybridizations and generate these 297 

multiple peaks. On the other hand, the identification of a particular subtype or species of 298 

Cryptosporidium suggests that this is the majority species or subtype, so the presence of other 299 

species or subtypes in very low numbers cannot be excluded. 300 

According to Castro-Hermida et al. (2010) in their study in Galicia (Spain), trickling filters are 301 

efficient for removing Cryptosporidium spp. oocysts from water. However, the results obtained 302 

for WWTPs A, B and D agree with those found by Cheng et al. (2009) in their study of an Irish 303 

WWTP using trickling filters as the secondary treatment. They found very low concentrations 304 

of this protozoon both in the influent and the effluent, but an increased concentration of 305 

oocysts  in the sludge. 306 

It should be noted that WWWTP E is a very small plant with a capacity for 200 equivalent 307 

inhabitants; therefore, the presence of parasites in the influent must be lower than that of the 308 

other treatment plants, which serve a larger population. It is possible that the trickling filters in 309 

WWTP E were not able to remove an undetectable number of Cryptosporidium oocysts 310 

present in the influent and that afterwards the intermittent sand filter retained the oocysts 311 

and concentrated them. Thus, they could be detected in the effluent. Although there is a 312 

substantial body of literature that describes the use/efficacy of sand filters in the removal of 313 

protozoa and cysts in wastewater treatment, some authors have revealed that the yield is not 314 

100%. For example, Leonel et al (2016) reported that the intermittent sand filter removed only 315 

38.0 +/- 31.6% of Giardia spp. cysts from wastewater, so 93 +/- 92 cysts L-1 were identified in 316 

the final effluent. In  WWTP E, the elimination of Cryptosporidium from the effluent becomes 317 

more relevant due to the presence of a protected zone declared as “bathing water” 318 
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downstream, where outbreaks of gastroenteritis may occur if the concentration of oocysts 319 

increases (Castro-Hermida et al., 2010; Hamilton et al., 2018; Hlavsa et al., 2018). 320 

4.3. Giardia duodenalis 321 

In contrast to Cryptosporidium, found in all the WWTPs, Giardia was only detected in three of 322 

them (A, B and C). Other authors have reported a greater presence of Giardia than 323 

Cryptosporidium in WWTPs, related to a higher incidence of giardiasis among the population 324 

(Table 4) (Castro-Hermida et al., 2010; Cheng et al., 2009; Kitajima et al., 2014a; Ramo et al., 325 

2017). 326 

Giardia duodenalis assemblage B was detected in C1. Giardia assemblage B is the cause of the 327 

most cases of  human giardiasis occurring in Spain (Goñi et al., 2010). Ramo et al. (2017) found 328 

this assemblage in their study of 23 WWTPs in Aragón (Spain). In the research of Marín et al. 329 

(2015) carried out in WWTP A, Giardia assemblage B was identified by molecular techniques in 330 

the coarse solids washing water from the influent primary screening and Giardia assemblage 331 

AI in the thermophilic aerobic sludge digester outlet. To date, Giardia Assemblage AI has been 332 

recorded as affecting pets and livestock in Spain, but not humans (Gómez-Muñoz et al., 2012). 333 

in the remaining positive samples, Cryptosporidium and Giardia subtypes, species or 334 

assemblages could not be identified, probably due to the presence of a mix of different 335 

individuals. 336 

The results of the wastewater treatments tested (Table 3) showed that the three serial aerated 337 

lagoons – with retention times of 4, 4 and 2.5 days, respectively – (WWTP B) and the serial 338 

anaerobic, anoxic and aerobic bioreactors (WWTP C) were effective in removing G. duodenalis 339 

from wastewater. In the comparative study of Fu et al. (2010), higher Giardia cyst removal 340 

rates were reported for secondary treatments consisting of an oxidation ditch system and the 341 

anaerobic – anoxic – aerobic process, in contrast with the conventional activated sludge 342 

treatment. In 2007, Lim et al. proved that the retention of wastewater in ponds and lagoons is 343 
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the main factor in  Giardia cyst removal, reaching rates of 96 % when the retention time was 344 

between 8 and 24 hours. On the other hand, in WWTP C G. duodenalis was removed from 345 

water whereas Cryptosporidium spp. was not. The different size of cysts and oocysts might 346 

justify this result (4 – 6 µm and 8 – 12 µm oocyst and cyst diameters, respectively); oocysts 347 

might have remained suspended in water, while cyst removal might have yielded better results 348 

thanks to their higher settling velocities (Konaté et al., 2013; World Health Organization, 2011). 349 

These results agree with those obtained by other authors since wastewater treatment 350 

processes are commonly considered more efficient for Giardia removal (Castro-Hermida et al., 351 

2010, 2008; Fu et al., 2010; Kitajima et al., 2014b; Lim et al., 2007; Ramo et al., 2017). 352 

Trickling filters were not efficient in removing Giardia cysts, which is consistent with the 353 

findings of Kitajima et al. (2014) and Castro-Hermida et al. (2008), who even reported that the 354 

concentration of cysts in the effluent was significantly higher than in the influent. In any case, 355 

Giardia cysts were discharged from the WWTP A effluent into the river basin, a fact that should 356 

be considered in order to prevent any human health threat if this treated water is to be 357 

reused. Giardia cysts have already been found in vegetables irrigated with polluted water 358 

(Amorós et al., 2010). 359 

4.4. Entamoeba histolytica/dispar/moshkovskii 360 

Entamoeba histolytica was detected in the influent and effluent of WWTP B (B1 and B2). It was 361 

not found in any sludge sample here or in any other WWTP. On the one hand, due to the low 362 

prevalence of this Entamoeba in Spain, the presence of E. histolytica in wastewater might 363 

suggest that the number of healthy carriers is high enough for the cysts to be detected. This is 364 

the first report of the emergence of E. histolytica in a Spanish WWTP. Ajonina et al. (2018) 365 

reported recently the occurrence of cysts in treated water from a German WWTP. On the 366 

other hand, its presence in the effluent discharged into the river basin might raise public 367 

health concerns if this water is reclaimed for agriculture (Ben Ayed et al., 2009). 368 
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As it was not observed in the sludge, E. histolytica might have been collected in the tertiary 369 

treatment. However, this would be inconsistent with the research of Khouja et al. (2010), who 370 

studied six Tunisian WWTPs and reported that aerated lagoons and waste stabilization ponds 371 

are effective in removing Entamoeba dispar/histolytica from wastewater. 372 

Entamoeba dispar is a highly prevalent protozoon that was not removed by the treatments in 373 

the plants, as shown by the results. Similar findings were obtained by Berglund et al. (2017) 374 

while studying the influents and effluents of three Swedish WWTPs in 2011 and 2012. It should 375 

be added that the removal rate of this Entamoeba is not well known due to the scarcity of 376 

Entamoeba spp. prevalence studies carried out with species differentiation (Ben Ayed et al., 377 

2009). 378 

Entamoeba moshkovskii was detected in four out of five influents and effluents, suggesting 379 

that the WWTP processes were not able to remove this parasite either. These results were 380 

similar to those observed in a WWTP in Colombia, where E. moshkovskii has a high presence. 381 

However, neither E. histolytica nor E. dispar were detected in that study despite their high 382 

prevalence among the Colombian population (Fonseca et al., 2016). It might be added that in 383 

some tropical countries, E. moshkovskii has been found in human hosts (Ali et al., 2003), while 384 

in Spain, as far as we know, this species has not yet been reported in humans or water. 385 

Nevertheless, the ability of E. moshkovskii to adapt to the environment as a free-living amoeba 386 

may have allowed it to colonize some of the reactors in which processes are carried out and to 387 

proliferate in the WWTPs (Fonseca et al., 2016; Heredia et al., 2012). Biofilms containing E. 388 

moshkovskii, among other microorganisms, could have been formed in the reactors, including 389 

the sand filter, in which case the E. moshkovskii detected in the effluents would be those 390 

released from the biofilms. Therefore, E. moshkovskii might not necessarily be present in the 391 

influent as it is already present in the WWTP.  392 

A consideration of the results and the different treatments carried out in the WWTPs suggests 393 
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that E. moshkovskii may have also been part of the biofilms originated in the trickling filters of 394 

WWTPs A, B and D. There, the increase in the biomass probably promoted the development of 395 

this Entamoeba and its contribution to the organic matter removal. These biofilms would have 396 

accumulated the Entamoeba and, when releasing and settling themselves, increased its 397 

concentration in the sludge (Marín et al., 2015). This would be the reason why E. moshkovskii 398 

was detected in A3, A4, B3, B4 and D3. Nonetheless, the three aerated lagoons of WWTP B 399 

were effective in removing this species from water or, at least, in lowering its concentration 400 

sufficiently so that molecular techniques could not detect its presence, since it was not found 401 

in B2. E. moshkovskii might have inhabited the reactors of WWTP C and helped the depuration 402 

process; the aerated system might have promoted its persistence in water and thus in the 403 

effluent (C2), avoiding its sedimentation and further detection in the sludge. 404 

4.5. Helminth eggs 405 

A large number of people and animals are affected by helminths worldwide. However, while 406 

these infective helminths are common in tropical and subtropical countries, in areas 407 

characterized by poor hygienic conditions, lack of sanitary measures and scarcity of drinking 408 

water (Jimenez-Cisneros, 2006; Konaté et al., 2013; World Health Organization, 2018b), most 409 

of the reported cases in Spain concern immigrants or travellers from endemic areas (Carranza-410 

Rodríguez et al., 2018). In this study, no cestode or trematode eggs were found, not even in 411 

the influents. 412 

Being intestinal parasites, nematode eggs are discharged into wastewater and, consequently, 413 

they reach WWTPs. Free-living nematodes and their eggs can also be found, which do not 414 

constitute a public health problem but instead contribute to the purification of the waters by 415 

feeding on bacteria and organic matter (Amoah et al., 2018; Ben Ayed et al., 2009; Konaté et 416 

al., 2013). Nematode eggs tend to settle and hence their presence was expected in the sludge. 417 

Due to their size (20 - 80 μm in diameter), nematode eggs belong to the suspended solids (SS) 418 
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fraction and their removal rates depend on their settling velocities, which can be increased 419 

when attached to suspended particles. Similarly, SS removal processes - such as filtration, 420 

sedimentation and coagulation-flocculation - may also be useful in removing nematode eggs 421 

(Amoah et al., 2018; Ben Ayed et al., 2009; Jimenez-Cisneros, 2006; Konaté et al., 2013; World 422 

Health Organization, 2011). In this work, nematode eggs were observed in all of the effluents 423 

and were present in more sample points than in the previous studies (Marín et al., 2015; 424 

Mosteo et al., 2013), suggesting a higher presence of nematodes. The increase in 425 

temperatures experienced in recent years may have altered the population of nematodes 426 

(Majdi et al., 2019). 427 

Comparing the studied WWTPs, WWTP D seems to receive a low concentration of free-living 428 

nematodes since they were detected neither in the influent nor in the sludge. Nevertheless, 429 

they were detected in the effluent, which could be related to the high algae content present in 430 

the second sedimentation process. Eisendle (2009) reported that algae increase the retention 431 

capacity of organic matter and nutrients, enhancing the biotic processes, as well as providing 432 

habitat for nematodes. 433 

It is worth noting that only optical microscopy detection of nematode eggs was carried out and 434 

therefore it was not possible to differentiate the species nor the pathogenicity. Nonetheless, 435 

three nematode eggs detected in A1, B2 and B4 have a morphology compatible with Ascaris 436 

spp. eggs. These eggs likely belonged to A. suum rather than A. lumbricoides because of the 437 

latter’s low prevalence in Spain. A. suum is described as a cause of chronic illness in pigs and its 438 

prevalence in Spanish hog farms ranges between 28.7 and 48.8 % (Martínez-Pérez et al., 2017).   439 

It has been reported that treatments such as activated sludge, aerated lagoons, stabilization 440 

ponds and constructed wetlands are efficient in removing helminth eggs (Ben Ayed et al., 441 

2009; Konaté et al., 2013; Reinoso et al., 2008; Sharafi et al., 2012). This would reinforce the 442 

view that those detected might belong to free-living nematodes that inhabit the WWTPs. In 443 
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any case, if water or sludge reuse is contemplated, disinfection and hygienization treatments 444 

should be developed as a precaution. In addition, plant-parasitic nematodes have been 445 

reported in reclaimed water and hence they should be controlled and reduced before crop 446 

irrigation (Santos et al., 2014). 447 

4.6. Reuse possibilities and health risk 448 

Considering the reuse possibilities of effluents and sludge, four out of the five WWTP effluents 449 

(A2, B2, C2 and E4) carried at least one of the pathogenic parasites studied and thus their 450 

reuse could pose a health risk depending on the final purpose (agricultural, environmental, 451 

industrial, recreational or urban). 452 

In the case of WWTP E, the presence of a protected bathing area downstream makes 453 

maximizing the water microbiological quality necessary so that bathers would not be exposed 454 

to any risk. Only the WWTP D effluent could be safely reused, though more studies about E. 455 

moshkovskii pathogenicity are still needed. Moreover, all of the WWTP sludges were positive 456 

for Cryptosporidium spp. oocysts and hence their use for agricultural fertilization could pose a 457 

risk if the viability of those oocysts is confirmed.  458 

It should be taken into account that molecular biology techniques allow these parasites to be 459 

detected with a high degree of sensitivity and specificity, but they do not differentiate whether 460 

they are viable or not (Marín et al., 2015; Rimhanen-Finne et al., 2001). Therefore, if the 461 

treatments inactivated the (oo)cysts and/or eggs, this remained unknown. Given  the 462 

robustness of (oo)cysts and eggs, appropriate disinfection and sanitization processes (tertiary 463 

treatments) should be developed depending on the final uses of the treated water and sludge 464 

(Abeledo-Lameiro et al., 2018; Graczyk et al., 2008). 465 

The results suggest that tertiary treatments consisting of aerated lagoons (WWTP B) are 466 

effective in removing G. duodenalis and E. moshkovskii, rather than E. histolytica. Since the 467 
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literature shows that solar radiation inactivates (oo)cysts thanks to nucleic acid damage 468 

(Hamilton et al., 2018) and that aerated lagoons achieve removal rates of almost 99.9 % 469 

(Sharafi et al., 2012), analysing the viability of the parasites found in WWTPs in further studies 470 

is recommended so that the resistance of parasites to treatments may be clearly understood. 471 

In this context, Nasser (2016) pointed out that UV radiation is the most effective disinfection 472 

process to deal with Cryptosporidium spp., but other studies claim that it is not able to 473 

inactivate helminth eggs (Jimenez-Cisneros, 2006; World Health Organization, 2011). Waste 474 

stabilization ponds with retention times longer than 20 days and subsurface flow constructed 475 

wetlands have high wastewater (oo)cyst and egg elimination rates thanks to sedimentation 476 

and natural inactivation processes (Khouja et al., 2010; Montemayor et al., 2005; Sharafi et al., 477 

2012). Incidentally, Abeledo-Lameiro et al. (2018) suggested using ultrasound irradiation owing 478 

to its low cost and efficiency. Graczyk et al. (2008) found that sonication and quicklime 479 

stabilization were the most effective sanitization treatments for sludge. 480 

The presence of protozoa and nematodes in wastewater reflects the infection rates relative to 481 

the populations that surround the WWTPs, suggesting the presence of healthy carriers of some 482 

intestinal protozoa that are considered to have low or zero prevalence in the region studied, 483 

such as E. histolytica and E. moshkovskii. 484 

The results of this qualitative study show the importance of carrying out future studies that 485 

should include quantitative methods such as qPCR and determination of the viability of the 486 

protozoa, especially after sludge treatment. 487 

5. CONCLUSIONS 488 

 Cryptosporidium spp., Entamoeba spp. and nematode eggs were detected in every 489 

WWTP studied, suggesting a high resistance of these protozoa and nematode eggs 490 

to the water treatments analysed in this work. This is the first report of E. 491 
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histolytica and E. moshkovskii in water from WWTPs in Spain. Giardia duodenalis 492 

was detected in three out of five WWTPs. 493 

 Trickling filters were more efficient in removing Cryptosporidium spp. than G. 494 

duodenalis. In contrast, serial reactors allowed the flotation of Cryptosporidium 495 

oocysts but removed Giardia from water. Regarding tertiary treatments, the 496 

aerated lagoons were efficient in removing G. duodenalis and E. moshkovskii, but 497 

not E. histolytica, while the sand filter polluted the effluent instead of removing 498 

parasites. 499 

 Four out of the five WWTP effluents carried at least one of the pathogenic 500 

parasites studied and thus viability studies are necessary to establish whether they 501 

can be reused without a health risk, depending on the final purpose. 502 

 Cryptosporidium spp. was detected in the sludge in all the WWTPs, even after 503 

aerobic digestion. Therefore, its viability should be considered before deciding on 504 

its reuse as agricultural fertilizer or whether soil amendment using sludge should 505 

be avoided in order to reduce  the spread of Cryptosporidium spp. into the 506 

environment.  507 
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Figure 1: Wastewater (→) and sludge treatment (–  – →) process schemes, 727 

recirculation flows (- - →) and sample collection points (X). WWTP: wastewater 728 

treatment plant; Pret.: pretreatment comprising grating, grit and grease separation; T.F.: 729 

trickling filters; Sed.: sedimentation; Aer.D.: aerobic digester; C.: centrifuge; A.S. pond: 730 

aerated and storm pond; Ana.: anaerobic reactor; Anox.: anoxic reactor; Aer.: aerobic 731 

reactor; S.T.: sludge thickener. 732 
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Table 1: Characteristics of the wastewater treatment plants studied 

 

WWTP Capacity (eq. inhab.) Discharge (m
3
/day) BOD5 (kg/day) Sewage type 

A 82500 22100 5200 D + I 

B 15900 3000 2600 D + I 

C 4300 528 290 D + I 

D 19800 1710 1700 D + I 

E 200 197 12 D 

WWTP: wastewater treatment plant; Eq. inhab.: equivalent inhabitants; BOD5: 5-day Biochemical 

Oxygen Demand; D: domestic; I: agribusiness or food-industries. 
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Table 2: Selected genes for protozoa detection by PCR 

Specificity Gene Reference 
 

Cryptosporidium spp. SSU rRNA Xiao et al. (1999)  

Cryptosporidium spp. gp60 Alves et al. (2003)  

Giardia duodenalis tpi Sulaiman et al. (2003)  

Giardia duodenalis B-giardin Lalle et al. (2005)  

E. dispar SSUrADN Gutiérrez-Cisneros et al. (2009)  

E. histolytica SSUrADN Gutiérrez-Cisneros et al. (2009)  

E. moshkovskii SSUrADN Ali et al. (2003)  
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Table 3: Protozoa and nematodes presence in water and sludge samples from the studied wastewater treatment plants 

WATER SAMPLES 

 WWTP A WWTP B WWTP C WWTP D WWTP E 

 A1 A2 B1 B2 C1 C2 D1 D2 E1 E2 E3 E4 

Cryptosporidium spp. Ø Ø Ø Ø + + Ø Ø Ø Ø Ø + 

G. duodenalis + + + Ø + Ø Ø Ø Ø Ø Ø Ø 

E. histolytica Ø Ø + + Ø Ø Ø Ø Ø Ø Ø Ø 

E. moshkovskii + + + Ø + + + + Ø Ø Ø + 

E. dispar + + + + + + + + + + + + 

Nematode eggs + + + + + + Ø + + + Ø + 

SLUDGE SAMPLES 

 WWTP A WWTP B WWTP C WWTP D  

 A3 A4 B3 B4 C3 D3     

Cryptosporidium spp. + + + + + +     

G. duodenalis Ø Ø Ø Ø Ø Ø     

E. histolytica Ø Ø Ø Ø Ø Ø     

E. moshkovskii + + + + Ø +     

E. dispar + + + + + +     

Nematode eggs + + + + + Ø     

WWTP: wastewater treatment plant. Coloured box with plus symbol (+): presence; white box with null symbol (Ø): absence. 
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Table 4: Protozoa infections registered in Spain and in the northern regions of the River Ebro 

Basin in the annual report of the Spanish Microbiological Information System during the years 

2011 – 2016. Dash symbol (-): none cases reported. 

 2011 2012 2013 2014 2015 2016 

Cryptosporidium spp. 79 299 107 264 582 180 

G. duodenalis 641 942 884 787 778 1067 

E. histolytica 9 4 2 12 24 16 

Cryptosporidium spp.    2014 2015 2016 

Spain    264 582 180 

País Vasco    110 250 75 

La Rioja    4 140 6 

Navarra    73 83 40 

Aragón    12 44 8 

Cataluña    - - 15 

G. duodenalis    2014 2015 2016 

Spain    787 778 1067 

País Vasco    189 165 232 

La Rioja    52 90 21 

Navarra    191 198 155 

Aragón    133 148 133 

Cataluña    - - 271 

E. histolytica    2014 2015 2016 

Spain    12 24 16 

País Vasco    2 2 12 

La Rioja    - - - 

Navarra    3 - - 

Aragón    2 - 3 

Cataluña    3 19 - 

Source: Centro Nacional de Epidemiologia, Instituto de Salud Carlos III. Red Nacional de Vigilancia 

Epidemiológica 
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