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Little is known on the identity and public health potential of Cryptosporidium spp., Giardia duodenalis and
Enterocytozoon bieneusi in farm animals in Algeria. In this study, 102 fecal specimens from pre-weaned dairy
calves with or without diarrhea were collected from 19 dairy farms located in 6 provinces. PCR-restriction frag-
ment length polymorphism analysis of the small subunit rRNA gene was used to detect and differentiate Crypto-
sporidium spp., whereas PCR-sequence analysis of the triosephosphate isomerase gene and ribosomal internal
transcribed spacer were used to detect and genotype G. duodenalis and E. bieneusi, respectively. Cryptosporidium
was found in 14 specimens, amongwhich 7 had C. parvum, 4 had C. bovis, and 3 hadmixed infection of C. parvum
and C. bovis or C. bovis and C. andersoni. Subtyping of C. parvum by PCR-sequence analysis of the 60 kDa glycopro-
tein gene identified two zoonotic subtypes IIaA16G2R1 and IIaA17G3R1. G. duodenalis was found in 28 speci-
mens, with 6 having the host-specific assemblage E, 14 having the zoonotic assemblage A (all belonging to A2
subtype), and 8 having mixed assemblages. Six known genotypes of E. bieneusi belonging to Group 2, including
I, J, BEB3, BEB4, BEB6 and PtEb XI, were identified in 11 specimens. Diarrhea was mostly associated with the oc-
currence of C. parvum. Data from this study suggest that human-pathogenic C. parvum subtypes andG. duodenalis
and E. bieneusi genotypes are common on dairy farms in Algeria.

© 2017 Published by Elsevier B.V.
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1. Introduction

Cryptosporidium spp., Giardia duodenalis, and Enterocytozoon bieneusi
are common pathogens of a wide range of animals including livestock,
companion animals,wildlife andhumans, causing diarrhea and other gas-
trointestinal disorders (Feng and Xiao, 2011; Santín and Fayer, 2011;
Checkley et al., 2015). Although infections with these pathogens are
often self-limited in immunocompetent individuals, they can become
chronic in infants, elderly and immunocompromised persons (Dengjel
et al., 2001; Didier and Weiss, 2011). Anthroponotic and zoonotic trans-
mission cycles are known for Cryptosporidium spp., with pre-weaned
calves as the major reservoir in zoonotic transmission (Xiao, 2010). Al-
though the role of cattle in the zoonotic transmission of giardiasis and
microsporidiosis is less clear, identical G. duodenalis and E. bieneusi geno-
types have been found in both humans and cattle (Santín and Fayer,
2009; Feng and Xiao, 2011). Many studies have indicated that C. parvum,

assemblage A of G. duodenalis and Group 1 genotypes of E. bieneusi are
common zoonotic pathogens (Santín and Fayer, 2009; Feng and Xiao,
2011; Ryan et al., 2014). Some recent studies have demonstrated that a
broad range of mammals can be infected with Group 2 E. bieneusi geno-
types (BEB4, BEB6, I, and J), including humans (Sak et al., 2011; Jiang et
al., 2015).

Compared to industrialized nations, molecular epidemiologic stud-
ies of Cryptosporidium spp., G. duodenalis and E. bieneusi in cattle are
scarce in developing countries. In Algeria, efforts have been made to
characterize Cryptosporidium spp. in birds (Baroudi et al., 2013) and
Cryptosporidium spp. and E. bieneusi in horses (Laatamna et al., 2015).
The present study was conducted to determine the identity of Crypto-
sporidium spp., G. duodenalis and E. bieneusi in pre-weaned dairy calves
in Algeria, which is needed in understanding of the epidemiology of
these important parasites.

2. Materials and methods

2.1. Study area and specimen collection

This studywas undertaken from January 2013 to January 2014 on 19
dairy farms located in 6 provinces east of Algiers, Algeria (Table 1). A
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total of 102 fecal specimens were collected directly from the rectum of
pre-weaned calves (younger than 90 days) into plastic specimen cups.
Fecal consistence was recorded for each specimen. The specimens
were transported in an isothermal box to the laboratory and stored at
4 °C in 2.5% potassium dichromate. The field study protocol was ap-
proved by École Nationale Supérieure Vétérinaire, Algiers, Algeria.

2.2. DNA extraction

After washing the specimens twice with distilled water by centrifu-
gation, genomic DNAwas extracted from 0.2ml of fecal slurry using the
FastDNA® Spin Kit for Soil (MP Biomedicals, Santa Ana, CA) and manu-
facturer-recommended procedures. The extracted DNA was stored at
−80 °C before PCR analysis.

2.3. Detection and typing of Cryptosporidium spp. G. duodenalis and E.
bieneusi

All DNA preparations were analyzed for Cryptosporidium spp. by
nested PCR amplification of the small subunit (SSU) rRNA gene. Crypto-
sporidium species in positive PCR products were determined by restric-
tion fragment length polymorphism (RFLP) analysis using restriction
enzymes SspI and MboII (Feng et al., 2007). Specimens identified as C.
parvum were further subtyped by PCR-sequence analysis of ~850-bp
fragment of the 60 kDa glycoprotein (gp60) gene (Alves et al., 2003).
The recommended subtype nomenclature was used in naming C.
parvum subtypes (Xiao, 2010). Similarly, G. duodenalis and E. bieneusi
were detected by nested PCR targeting a 530-bp fragment of the
triosephosphate isomerase (tpi) gene and 392 bpof the ribosomal inter-
nal transcribed spacer (ITS), respectively (Sulaiman et al., 2003, 2004).
DNA sequence analysis of PCR products was used in identification of
G. duodenalis and E. bieneusi genotypes.

2.4. DNA sequence analysis

Secondary PCR products of the gp60, tpi and ITS genes were purified
using Montage PCR Cleanup Filters (Millipore, Bedford, MA) and se-
quenced in both directions using the BigDye Terminator v. 3.1 Cycle Se-
quencingKit (Applied Biosystems, Foster City, CA) andABI 3130Genetic
Analyzer (Applied Biosystems). The obtained nucleotide sequences
were read and assembled using ChromasPro (http://technelysium.
com.au/ChromasPro.html), edited using BioEdit 7.0.4 (http://www.
mbio.ncsu.edu/BioEd-it/bioedit.html), and aligned with reference se-
quences of each target using ClustalX 2.1 (http://www.clustal.org/).

2.5. Statistical analysis

The Fisher's exact test implemented in the R package 3.3.2 (https://
www.r-project.org/) was used to compare differences in occurrence
rates of pathogens or diarrhea between age groups. Differences were
considered significant at P ≤ 0.05.

3. Results

3.1. Occurrence of Cryptosporidium spp., G. duodenalis and E. bieneusi

Cryptosporidium spp., G. duodenalis and E. bieneusi were detected in
14 (13.7%), 28 (27.5%) and 11 (10.8%) of the 102 specimens, respective-
ly (Table 1). The occurrence rate of Cryptosporidium spp. in one month
or younger calves was higher (20.7% or 6/29) than that in 2-month-
old calves (11.4% or 4/35) and 3-month-old calves (10.5% or 4/38)
(P N 0.05). In contrast, higher occurrence rates of G. duodenalis were
seen in older calves: 42.9% (15/35) in 2-month-old calves and 28.9%
(11/38) in 3-month-old calves, compared to 6.9% (2/29) in 1-month-
old calves (P b 0.05). Similarly, higher occurrence rates of E. bieneusi
were also seen in older calves: 17.1% (6/35) in 2-month-old calves
and 10.5% (4/38) in 3-month-old calves, compared to 3.4% (1/29) in
1-month-old calves (P N 0.05; Table 2).

3.2. Cryptosporidium species and subtypes

RFLP analysis of the SSU rRNA PCR products identified the presence
of 3 Cryptosporidium species, including C. parvum, C. bovis and C.
andersoni in 9, 7 and 1 specimens, respectively. Among them, 2 speci-
mens had concurrence of C. parvum and C. bovis and one had C. bovis
and C. andersoni. C. parvum occurred in calves up to 2 months of age,
whereas C. bovis and C. andersoni were seen in 2- and 3-month-old
calves (Table 2). Sequence analysis of the gp60 PCR products from the
9 C. parvum-positive specimens showed that 6 belonged to the zoonotic
IIa subtype family, including IIaA16G2R1 in 5 specimens and
IIaA17G3R1 in one specimen. The subtype identity could not be deter-
mined for the remaining three C. parvum–positive specimens (Table
1). The concurrence of C. parvum and C. bovis in one calf was confirmed
by gp60 PCR,which identified the presence of theC. parvum IIaA16G2R1
subtype.

3.3. G. duodenalis genotypes and subtypes

Among the 28 G. duodenalis–positive specimens, 2 genotype assem-
blages were identified by DNA sequencing of the tpi PCR products, in-
cluding assemblage A in 14 specimens, assemblage E in 6 specimens,
and mixed assemblages (A and E) in 8 specimens. All assemblage A

Table 1
Distribution of genotypes/subtypes of Cryptosporidium spp., G. duodenalis and E. bieneusi in pre-weaned calves on dairy farms in east Algeria.

Location/no. of farms No. of specimens Pathogen

Cryptosporidium G. duodenalis E. bieneusi
No. positive Species Subtype No. positive Assemblage/subtype No. positive Genotype

Rouiba (3) 19 3 C. parvum (2)
C. parvum + C. bovis (1)

IIaA16G2R1 (1)
IIaA17G3R1 (1)

6 A(A2) (3)
(A+ E) (3)

3 I (1), BEB6 (1),
PtEb XI (1)

Zemmouri (5) 24 4 C. parvum (3)
C. bovis (1)

IIaA16G2R1 (2) 8 A(A2) (3)
E (2)
(A+ E) (3)

2 J (1), BEB6 (1)

Boumerdes (4) 22 3 C. parvum (1)
C. bovis (1)
C. bovis + C. andersoni (1)

IIaA16G2R1 (1) 6 A(A2) (2)
E (2)
(A + E) (2)

2 BEB4 (1), BEB3 (1)

Legata (2) 8 1 C. parvum (1) IIaA16G2R1 (1) 3 A(A2) (3) 1 BEB4 (1)
Djenet (3) 18 2 C. bovis (1)

C. parvum + C. bovis (1)
3 A(A2) (3) 2 BEB4 (2)

Si-Mustapha (2) 11 1 C. bovis (1) 0 2 E (2) 1 Mixed (1)

Numbers in parentheses are numbers of farms or positive specimens.
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