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Abstract  50 

Enterocytozoon bieneusi is an obligate intracellular eukaryotic parasite of the phylum 51 

Microsporidia that infects a wide range of hosts, including humans. In Algeria, 52 

epidemiological information on microsporidian infections caused by E. bieneusi is scarce, 53 

with only three molecular studies conducted in equines, cattle, and dromedary camels. Here, 54 

we investigated the prevalence and genotypic diversity of E. bieneusi in cattle (n = 288), 55 

including cows (n = 182) and their calves (n = 106), from 54 farms in central Algeria. The 56 

initial screening was conducted using a nested PCR targeting a partial sequence of the internal 57 

transcribed spacer (ITS) region. Enterocytozoon bieneusi was identified in 16.0% (46/288) of 58 

faecal samples and in 42.6% (23/54) of sampled farms. Infection rates varied from 10.9% to 59 

17.7% across the study areas. Significant differences in prevalence were observed according 60 

to cattle age, sex, and the presence/absence of other livestock species within cattle farms. 61 

Conversely, study area, production system, and presence/absence of diarrhoea showed no 62 

significant associations. Out of 46 E. bieneusi-positive cattle, genotyping was successful for 63 

56.5% (26/46) of isolates. Phylogenetic analyses revealed seven known E. bieneusi genotypes 64 

clustering within the zoonotic Group 1: Type IV (42.3%, 11/26), D (7.7%, 2/26), and Peru6 65 

(3.8%, 1/26), and the ruminant-adapted Group 2: J (19.2%, 5/26), I (15.4%, 4/26), BEB6 66 

(7.7%, 2/26), and CM7 (3.8%, 1/26). The present study provides valuable molecular data on 67 

E. bieneusi infections in cattle in Algeria. It highlights the important role that cattle can play 68 

as reservoirs of zoonotic E. bieneusi genotypes.  69 

 70 

Keywords: Distribution, Enterocytozoon bieneusi, genotypes, cattle, Algeria  71 

 72 

 73 

 74 
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Introduction 75 

Microsporidia are a fungi-related ubiquitous group of obligate intracellular eukaryotic 76 

parasites that infect humans and most major animal groups. Among them, E. bieneusi is the 77 

most clinically significant species, being the main cause of human microsporidiosis [1, 2]. 78 

This parasite has also been widely reported in both farmed and wild animals [3]. Infections by 79 

E. bieneusi can present with or without clinical manifestations in immunocompetent 80 

individuals, whereas in immunocompromised hosts (e.g., HIV-infected patients), it often 81 

causes severe disease, most notably chronic diarrhoea [4]. The species exhibits remarkable 82 

genetic diversity, with more than 600 valid genotypes identified worldwide based on the 83 

sequence analysis of the ribosomal internal transcribed spacer (ITS) genetic marker [3, 5, 6]. 84 

These genotypes cluster into 15 distinct groups, with Groups 1 and 2 comprising genotypes 85 

with zoonotic potential, whereas Groups 3–15 consist mainly of host-adapted genotypes 86 

found in non-human animals [7–9]. Cattle are recognised as important reservoirs of E. 87 

bieneusi and play a key role in its epidemiology. To date, at least 97 genotypes have been 88 

detected in bovids (cattle, yak, and water buffalo), 15 of which have also been reported in 89 

humans [6, 10]. 90 

The prevalence of E. bieneusi in cattle varies considerably across countries worldwide and 91 

can reach up to 52.0% [6, 10–12]. However, molecular epidemiological data on bovine 92 

microsporidiosis remain limited in North Africa. In Algeria, only a few investigations have 93 

previously addressed the prevalence and molecular diversity of E. bieneusi in livestock, 94 

including equines, cattle, and dromedary camels [13–15]. 95 

The present study investigates the molecular prevalence, associated risk factors, and 96 

genotype distribution of E. bieneusi in cows and their calves from different areas in central 97 

Algeria. In this region, the epidemiology of this pathogen is unknown. 98 

Material and methods 99 
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Ethical statement 100 

This study was conducted in accordance with Algerian legislative guidelines (RD 08/1988). 101 

The Ethics Committee of the Laboratory of Exploration and Valorization of Steppic 102 

Ecosystems from the Faculty of Nature and Life Sciences (Ziane Achour University-Djelfa, 103 

Algeria) approved the collection of cattle faecal samples (approval no. 005 104 

EVES/FSNV/2021). Farm owners were individually contacted, informed about the objectives 105 

of the study and the procedures involved, and written informed consent for faecal sample 106 

collection was obtained from each participant. 107 

 108 

Study areas and sample collection 109 

The present study was carried out between June 2022 and April 2023 in three provinces from 110 

central Algeria, namely Algiers, Tipaza, and M’sila (Fig. 1). Algiers and Tipaza are coastal 111 

regions with a Mediterranean humid climate, while M’sila has a steppe environment marked 112 

by an arid climate. In Algiers, industrial and tourism-related activities dominate, whereas in 113 

Tipaza, agriculture, fishing, and tourism serve as the main economic sectors. Cattle breeding 114 

is mainly found around Algiers and Tipaza, with sheep breeding being less prominent in these 115 

provinces. Conversely, the pastoralism of small ruminants is a key agricultural activity in 116 

M’sila, while cattle breeding and the rearing of other livestock such as dromedary camels are 117 

less common. 118 

A total of 288 faecal samples were collected from 54 farms, including 46 samples from 119 

one farm in Algiers, 72 samples from 24 farms in Tipaza, and 170 samples from 29 farms in 120 

M’sila (Fig. 1). From the three studied areas, farm selection and sampling were conducted 121 

randomly. The herd size on the examined farms ranged from 4 to 46 animals, with cattle ages 122 

varying from 13 days to 11 years (median: 24 months). The sampled farms were intended for 123 
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dairy and/or meat productions. Sample collection was carried out once from each farm 124 

without repeated sampling. 125 

Faecal samples were collected directly from the rectum of cattle, placed in individual 126 

sterile plastic containers, and transported to the laboratory in an isotherm box. For each 127 

animal, information was recorded on locality, sex, age, presence or absence of diarrhoea at the 128 

time of sampling, production systems, and presence or absence of other livestock species 129 

(mainly sheep and goats). The presence or absence of diarrhoea was assessed by clinical 130 

examination of sampled cattle. All samples were preserved at +4 °C in 2.5% potassium 131 

dichromate until molecular analysis. 132 

 133 

Genomic DNA extraction and purification 134 

Total DNA was extracted from 200 mg of each faecal sample using the PureLink™ 135 

Microbiome DNA Purification Kit (Invitrogen, Carlsbad, CA, USA), following the 136 

manufacturer’s instructions. The DNA was eluted in 100 μL of elution buffer and stored at –137 

20 °C until PCR analysis. 138 

 139 

PCR detection of Enterocytozoon bieneusi 140 

Detection of E. bieneusi was carried out using a nested PCR targeting a partial sequence of 141 

the internal transcribed spacer (ITS) region, along with parts of the flanking large and small 142 

subunit of the ribosomal RNA gene, as previously described [16]. In the primary PCR, a 143 

fragment of approximately 435 bp was amplified using the primers EBITS3 (5´–144 

GGTCATAGGGATGAAGAG–3´) and EBTIS4 (5´TTCGAGTTCTTTCGCGCTC–3´). The 145 

secondary PCR amplified a fragment of approximately 390 bp using the primers EBITS1 (5´–146 

GCTCTGAATATCTATGGCT–3´) and EBITS2.4 (5´–ATCGCCGACGGATCCAAGTG–147 

3´). 148 
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Primary and secondary PCR reactions (50 μL) contained 2 μL of template DNA, 1 μM 149 

of each primer, and 25 μL of 2× PCRBIO Taq Mix Red (PCR Biosystems Ltd, UK). In all 150 

cases, cycling conditions were as follows: initial denaturation at 95 °C for 5 min; 35 cycles of 151 

denaturation at 94 °C for 40 s, annealing at 53 °C for 45 s, and extension at 72 °C for 45 s; 152 

followed by a final extension at 72 °C for 4 min. An E. bieneusi-positive isolate and nuclease-153 

free water were included as positive and negative controls, respectively, in each PCR run. 154 

 155 

Gel electrophoresis 156 

PCR amplicons of E. bieneusi were electrophoresed on 2% agarose (ZellBio GmbH, 157 

Germany) gels stained with ethidium bromide and visualised under ultraviolet illumination. 158 

PCR products of the expected size were subsequently purified using the GeneJET Gel 159 

Extraction Kit (Thermo Fisher Scientific, CA, USA) following the manufacturer’s 160 

instructions, and bidirectionally sequenced at Eurofins (Cologne, Germany). 161 

 162 

Sequence and phylogenetic analyses 163 

Raw sequences were visualized and edited using the software Chromas Lite 2.1 164 

(http://chromas-lite.software.informer.com/2.1). The generated consensus sequences were 165 

assembled, then compared against GenBank entries via BLAST, and further analysed in 166 

MEGA X to confirm species identity and assign genotypes [17]. 167 

The evolutionary history of the ITS sequences generated in this study was inferred 168 

using the Maximum Likelihood (ML) method under the General Time Reversible (GTR) 169 

model [18]. Sequences from representative genotypes of human, animal, and/or 170 

environmental origin, covering all 15 groups of E. bieneusi, were included in the analysis for 171 

comparative purposes. Initial trees for the heuristic search were obtained by applying the 172 

Neighbour-Joining method to a matrix of pairwise distances estimated using the Maximum 173 
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Composite Likelihood (MCL) approach. A discrete Gamma distribution was used to model 174 

evolutionary rate differences among sites. All positions containing gaps and missing data 175 

were eliminated. Evolutionary analyses were conducted in MEGA X [17]. 176 

The representative sequences of E. bieneusi generated in this study have been 177 

deposited in GenBank under accession numbers PX617831–PX617837. 178 

 179 

Statistical analysis 180 

All molecular analysis data were recorded in an Excel spreadsheet (Microsoft Corporation, 181 

Redmond, WA, USA), and statistical analyses were performed using SPSS v.22.0 (IBM SPSS 182 

Inc., Chicago, IL, USA). Differences in infection rates of E. bieneusi by cattle attributes 183 

(independent variables) were assessed using the Chi-square test (two-tailed) and odds ratios 184 

(OR) with 95% confidence intervals (CI). Variables found to be significant in the univariable 185 

analysis were subsequently included in a binary logistic regression model to identify 186 

independent risk factors. Additionally, to evaluate whether the presence of E. bieneusi in 187 

faecal samples differed between cow–calf pairs, an exact McNemar’s test for paired 188 

proportions was used to compare the discordant groups (cow-only positive and calf-only 189 

positive pairs). The difference in proportions was calculated with a 95% CI to determine 190 

whether it was statistically significant. The test assesses whether infection status tends to 191 

differ systematically between cows and calves within pairs — i.e., whether calves are more 192 

likely to be infected than their mothers. 193 

 194 

Results 195 

Prevalence of Enterocytozoon bieneusi 196 

Out of 288 PCR-screened cattle, E. bieneusi was detected in 16.0% (46/288; 95% CI: 11.9–197 

20.7) of faecal samples and in 42.6% (23/54; 95% CI: 29.2–56.8) of sampled farms. 198 
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Enterocytozoon bieneusi prevalence varied from 10.9% to 17.7% in the three study areas 199 

(Table 1). 200 

 201 

Risk association analysis 202 

Table 1 shows the distribution of E. bieneusi infections in the surveyed cattle population 203 

according to the epidemiological (location, age, sex, production system, cohabitation) and 204 

clinical (diarrhoea) variables considered in the present study.  205 

The prevalence of E. bieneusi varied significantly according to cattle age, sex, and the 206 

presence/absence of other livestock species within cattle farms. Enterocytozoon bieneusi 207 

infections were more prevalent in calves younger than six months, while cattle over five years 208 

old showed the lowest prevalence (P = 0.029). Males were significantly more frequently 209 

infected than females (P = 0.005), with a 0.395-fold increased risk. Additionally, E. bieneusi 210 

infections were more prevalent in cattle from farms without other livestock compared to 211 

mixed farms (P = 0.010). Conversely, no significant differences in prevalence were observed 212 

based on location (study area), production system, or the presence or absence of diarrhoea in 213 

the infected cattle. 214 

The binary logistic regression model, applied to variables (age, sex, and cohabitation 215 

with other livestock species) significant in the univariable analysis, identified cohabitation as 216 

the only factor significantly associated with E. bieneusi infection. The prevalence rate in cattle 217 

from farms without other livestock was higher compared to cattle from mixed farms (P = 218 

0.042), with OR of 0.503 (95% CI: 0.260–0.974). Age and sex of cattle showed no significant 219 

association with E. bieneusi infection, with ORs of 0.736 (95% CI: 0.505–1.073, P = 0.111) 220 

and 1.642 (95% CI: 0.752–3.586, P = 0.214), respectively. 221 

Among the 65 examined cow–calf pairs, 7 (10.8%) were cow-only positive and 16 222 

(24.6%) were calf-only positive for E. bieneusi. The presence of E. bieneusi varied between 223 
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cow-calf pairs in these discordant samples (n = 23). Only two pairs (3.1%) had E. bieneusi in 224 

both cows and their calves. The exact McNemar’s test showed that this difference was not 225 

statistically significant (P = 0.097). The estimated difference in proportions was 0.39 (95% 226 

CI: 0.13–0.66). Although the difference was not statistically significant (P= 0.097), it was 227 

observed that calves were more often infected when their mother cows were negative. 228 

 229 

Genotyping of Enterocytozoon bieneusi isolates 230 

A total of 46 cattle isolates tested positive for E. bieneusi at the ITS locus. Of these, high-231 

quality sequencing data allowing genotype identification were obtained for 56.5% (26/46). In 232 

the remaining 43.5% (20/46), sequencing quality was insufficient to determine the genotype, 233 

although the presence of E. bieneusi was confirmed. Sequence analyses revealed seven known 234 

genotypes of E. bieneusi. The most frequently detected genotype was Type IV (42.3%, 235 

11/26), followed by J (19.2%, 5/26), I (15.4%, 4/26), BEB6 and D (7.7%, 2/26 each), and 236 

CM7 and Peru6 (3.9%, 1/26 each). Phylogenetic analysis showed that all seven genotypes 237 

clustered within zoonotic Groups 1 (Type IV, D, and Peru6) and 2 (J, I, BEB6, and CM7) 238 

(Fig. 2, Table 2). 239 

Table 3 displays the distribution of E. bieneusi genotypes in the examined cattle based 240 

on epidemiological factors (location, age, sex, production system, cohabitation) and clinical 241 

status (diarrhoea) considered in this study. Geographically, the M’sila region showed both the 242 

highest frequency (10.6%, 18/170) and the greatest diversity (100%, 7/7) of E. bieneusi 243 

infections by the seven known genotypes. Type IV was the only genotype detected across all 244 

three surveyed regions. The highest infection rates were observed in cattle older than 60 245 

months (23.3%, 7/30) and in males (10.4%, 7/67). Interestingly, 10 out of 11 Type IV isolates 246 

were detected in females. Farms raising both dairy and beef cattle exhibited the highest 247 

infection rate (21.3%, 10/47). Genotypes CM7 and D were exclusively identified in non-248 
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diarrhoeic cattle, while 80.0% (4/5) and 90.9% (10/11) of the isolates characterised as 249 

genotypes J and Type IV (respectively) were also found in asymptomatic animals. In one 250 

cow-calf pair, both animals were infected by the same E. bieneusi genotype J. 251 

 252 

Discussion 253 

The epidemiology of microsporidiosis in cattle is poorly documented in North African 254 

countries including Algeria, particularly regarding molecular data. Here we report molecular 255 

prevalence and genotyping data of E. bieneusi in cows and their calves from central Algeria. 256 

The main strengths of this study were: (i) understanding of the distribution of E. bieneusi 257 

genotypes in cattle, (ii) demonstration of the role that cattle can play as important reservoirs 258 

of zoonotic genotypes of E. bieneusi in central Algeria. 259 

In the present study, the PCR-based prevalence of E. bieneusi was estimated at 16.0%. 260 

A recent meta-analysis covering 37 studies across different geographical and epidemiological 261 

settings estimated a global cattle prevalence of 14.0% under comparable diagnostic conditions 262 

[11]. Therefore, our prevalence aligns with the global average reported for this pathogen. 263 

However, our prevalence is slightly higher than that reported in a previous Algerian study, 264 

which documented a prevalence of 10.8% [14]. Similar prevalence rates (14.0–18.0%) have 265 

been reported in South Africa, Brazil, Argentina, and South Korea [19–22]. In Turkey, Iran, 266 

the USA, and China, higher prevalence rates (29.0–52.0%) were reported [23–26]. 267 

Conversely, lower rates (0.6–10.0%) were documented in Spain, China, Austria, and Thailand 268 

[27–30]. These comparisons underscore the wide epidemiological variability of E. bieneusi 269 

infections, influenced by factors such as host characteristics, study design (e.g., sample size), 270 

local husbandry systems, and diagnostic methods. 271 

The molecular prevalence of E. bieneusi varied significantly by age group in the 272 

present study, with a higher infection rate in calves compared to adults. This pattern aligns 273 
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with previous studies [31–34] and reflects age-dependent susceptibility stemming from both 274 

physiological and behavioural factors. Calves' susceptibility to E. bieneusi may be linked to 275 

immature immune function [34]. However, age-related differences are not always observed; 276 

for example, some studies in China found no significant correlation [12, 35], while in Turkey 277 

it was reported that older (more than three years) cattle were more prone to infection [23]. 278 

Such discrepancies suggest that both young and adult animals can contribute to transmission 279 

dynamics, either as susceptible hosts or as chronic asymptomatic shedders. A sex-related 280 

difference was also noted in this study, with males being significantly more infected than 281 

females. Similar results have been reported [34], whereas other studies documented opposite 282 

findings [36], or no sex-related differences at all [20, 23]. The susceptibility of males or 283 

females to E. bieneusi infections remains unclear, and further research is necessary to clarify 284 

whether sex factors influence this susceptibility. 285 

Although infection rates of E. bieneusi varied insignificantly between M’sila, Tipaza, 286 

and Algiers, the variation of prevalence rates observed among these areas can be the result of 287 

several factors including regional sampling imbalance, or local differences in sources of 288 

infection or transmission pathways. 289 

Farm management also appeared to influence the risk of infection with E. bieneusi. 290 

Cattle raised without contact with other ruminant species were 2.28 times more likely to be 291 

infected than those reared alongside sheep or goats. Various cattle-related factors such as 292 

management practices, stocking density, and hygienic conditions within cattle farms could 293 

increase the risk of E. bieneusi infections in cattle populations without co-habitation and co-294 

grazing with small ruminants. However, the relationship between cattle susceptibility to E. 295 

bieneusi and their cohabitation with other livestock species (including potential cross-species 296 

transmission with sheep and goats) remains unclear and requires further investigation. 297 
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In this study, E. bieneusi detection differed slightly between cows and their calves, 298 

with calves showing a higher infection frequency (16 calf-only-positive pairs) than their cows 299 

(7 cow-only-positive pairs). Although this difference was not statistically significant, the 300 

observed pattern suggests that young animals may be more susceptible to E. bieneusi 301 

infection than their older counterparts. In addition to the immature immune system of calves, 302 

this greater susceptibility could be related to environmental exposure to contaminated faecal 303 

material or stress associated with early life management conditions. The environmental 304 

transmission of E. bieneusi could play an important role on the recurrence of infections in 305 

calves. These findings highlight the need for attention to hygiene practices, manure 306 

management, and calf-rearing environments to reduce potential exposure and transmission of 307 

E. bieneusi within herds. 308 

Genotyping analysis identified seven potentially zoonotic E. bieneusi genotypes, 309 

including Type IV (42.3%), J (19.2%), I (15.4%), BEB6 and D (7.7% each), and CM7 and 310 

Peru6 (3.9% each). This diversity surpasses that reported by Baroudi et al. (2017) [14], who 311 

detected six genotypes (BEB3, BEB4, BEB6, I, J, and PtEb IX) in Algerian cattle. Compared 312 

with Tipaza and Algiers regions, M’sila exhibited both the highest prevalence and the greatest 313 

diversity of E. bieneusi genotypes. This regional difference is likely attributable to the larger 314 

and more representative sample size obtained in M’sila. The recurrence of genotypes BEB6, I, 315 

and J in both Algerian studies suggests long-term circulation and potential host adaptation 316 

within local cattle populations. The predominance of Type IV (a zoonotic genotype with 317 

broad host range) in this study contrasts with the cattle-adapted BEB4 reported previously in 318 

Algeria. This shift may reflect regional or temporal changes in genotype epidemiology, with 319 

potential implications for cross-species transmission. The identification of CM7, D, and Peru6 320 

genotypes (unreported in Algerian cattle to date) may suggest recent introduction or local 321 

emergence, possibly linked to livestock trade or changing environmental conditions. Globally, 322 
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E. bieneusi genotypes BEB4, I, and J, were most frequently detected in cattle [11, 29, 37, 38], 323 

but many of the variants identified here (BEB6, CM7, D, Peru6, Type IV) have also been 324 

found in humans, non-human primates, domestic animals, and wildlife [3, 6, 39, 40]. The 325 

detection of such zoonotic genotypes highlights the public health relevance of cattle as 326 

reservoirs of E. bieneusi and underscores the importance of integrating veterinary and human 327 

surveillance within a One Health framework.  328 

Genotype determination was unsuccessful for approximately half (43.5%) of the E. 329 

bieneusi PCR-positive samples due to suboptimal sequence quality, most likely associated 330 

with low DNA concentrations. The inability to genotype all PCR-positive samples represents 331 

a limitation of the present study and restricts a more comprehensive understanding of the 332 

distribution of E. bieneusi genotypes in cattle populations. Consequently, the molecular 333 

findings reported here may not fully reflect the overall epidemiological situation of E. 334 

bieneusi in Algeria. 335 

In conclusion, our findings indicate a globally consistent prevalence and significant 336 

genetic diversity of E. bieneusi in Algerian cattle, including zoonotic genotypes reported for 337 

the first time in Algeria. These results strengthen the evidence of cattle as potential reservoirs 338 

contributing to environmental contamination and zoonotic transmission of E. bieneusi, 339 

highlighting the importance of coordinated monitoring strategies across animal, human, and 340 

environmental health sectors.  341 
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Figure legends 510 

Fig. 1 The map of study areas in Algeria where faecal samples from cattle were collected. 511 

Fig. 2 Phylogenetic relationship among Enterocytozoon bieneusi genotypes inferred based on 512 

partial sequences of the internal transcribed spacer (ITS) region using the Maximum 513 

likelihood method implemented in MEGA X. The tree shows the phylogenetic relationship 514 

among sequences generated from the present study and reference sequences retrieved from 515 

GenBank. Genotype PtEb XI (belonging to Group 11) was used as outgroup to root the tree. 516 

Sequences generated in this study are represented with green filled circles. 517 


