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Abstract
A total of 200 domestic rabbits were collected from Qena Governorate, Egypt, from October 2018 to
October 2020. Their fecal samples were tested for the presence of Eimeria species oocysts using the
standard �otation technique, which revealed oocysts in 100 rabbits (50%). The following 11 species of
Eimeria were examined morphologically and morphometrically from different parts of the rabbits’
intestine (duodenum, ileum, cecum, colon and rectum): Eimeria coecicola, E. exigua, E. �avescens, E.
irresidua, E. magna, E. media, E. perforans, E. intestinalis, E. stiedae, E. vejdovskyi, and E. piriformis.
Moreover, the endogenous stages of E. intestinalis were examined by light and transmission electron
microscopy. Macrogametogenesis and microgametogenesis were clearly observed. The development of
microgamonts, macrogametes, and oocysts with their �ne structural characteristics was detected.
Additionally, a detailed key for each species is provided according to the common morphological
characters such as the presence or absence of oocyst and sporocyst residua as well as conspicuous or
inconspicuous micropyle. E. stiedae, E. irresidua, and E. vejdovskyi are reported for the �rst time in Qena
Governorate, Upper Egypt.

Introduction
In Egypt, the demand for animal protein has been increasing signi�cantly along with the continuous
increase in human population and improvement in the standard of life. Rabbits can ful�ll this increased
demand as they are considered to be the best and important source of animal protein. Moreover, they
have low cholesterol and fat contents (Al-Mathal, 2008 and Lebdah and Shahn, 2011).

Generally, rabbits are infected by a range of parasites, including ectoparasites and endoparasites. Studies
have reported that parasitic infections have caused considerable losses to rabbits in terms of production
and scienti�c applications (Ghanem and Ismail 1992; Hansen and Perry 1994 and Eid and Ibraheem,
2006). Coccidiosis is considered to be one of the most important diseases that affect rabbits. The
members of the genus Eimeria represent the common endoparasites that cause coccidiosis in rabbits
(Vancraeynest et al., 2008 and Oncel et al., 2011).

At the level of Eimeria spp., coccidiosis can be classi�ed into two forms, viz., hepatic coccidiosis that
occurs because of E. stiedae and intestinal coccidiosis that occurs because of the remaining members of
Eimeria. Several authors have discussed the presence of Eimeria species in domestic rabbits in Egypt
(Ahmed 1952; Taha 1952; Haiba et al., 1955; Saad, 1970; Abd El Rahman, 1979; Ahmed, 1983; El Masry,
1983; Fahmy et al., 1985; Hamed, 1988; Rashed, 1993; Mekawy, 1997; Mohamed, 1997; Kutkat et al.,
1998; Ibraheem, 1999; Helmy, 2002; El-Shahawi et al., 2012; El-Shahawy and El-Goniemy, 2018 and El-
Sayed et al., 2020).

Kasim and Al-Shawa (1987) reported seven species of Eimeria from domestic rabbits collected from three
regions in Saudi Arabia. El-Shahawi et al. (2012) reported eight species of Eimeria from domestic rabbits
in Beni Suef Governorate, Egypt. Abdel-Baki and Al-Quraishy (2013) described 10 species of Eimeria from
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domestic rabbits in Riyadh, Saudi Arabia. El-Shahawy and El-Goniemy (2018) recorded eight species of
Eimeria in domestic rabbits in Qena Governorate, Upper Egypt. In the present study, 11 species of Eimeria
were recorded from the feces of domestic rabbits in Qena Governorate, Upper Egypt.

Other previous studies have also reported Eimeria species among domestic rabbits (Gill and Ray, 1960;
Mirza, 1970; Flatt and Campbell, 1974; Mandal, 1976; Peeters et al., 1981; Pakandl, 1986; Pakandl, 1989;
Darwish and Golemansky, 1991; Musongong and Fakae, 1999; Yakhchali and Tehrani, 2007; Al-Mathal,
2008; Jelı´nkova´ et al., 2008; Li et al., 2010 and Ola-Fadunsin et al., 2019). 

The overall prevalence rates of infection were 73%, 70%, 75%, and 33.9% in the previous studies of
Kasim and Al-Shawa (1987), El-Shahawi et al. (2012), Abdel-Baki and Al-Quraishy (2013), and El-
Shahawy and El-Goniemy (2018), respectively compared with the overall prevalence of infection in the
present study (50%). The variations in the prevalence of coccidian infection in domestic rabbits may be
due to the wide usage of grains and grass as rabbit diet besides the use of chemoprophylaxis and the
difference in environmental conditions among regions (Chowdhury and Fraser, 2008;  El-Shahawy and El-
Goniemy, 2018).

Generally, the morphology and morphometry of the oocysts and sporocysts of Eimeria species are the
most common criteria used for their identi�cation (Coudert et al., 1995; Pakandl, 2009 and Oliveira et al.,
2011). E. exigua and E. perforans can be considered to be slightly-to-mildly pathogenic. E. �avescens, E.
media, and E. stiedae can be considered to be pathogenic, especially in young rabbits and in high
inoculation/infective doses. E. coecicola, E. intestinalis, E. irresidua, and E. magna can be considered as
the most pathogenic intestinal species. However, there is no information regarding the pathology of both
E. piriformis and E. vejdovskyi (Duszynski and Couch, 2013).

Eleven species of Eimeria have been previously accepted as valid species infecting domestic rabbits
(Coudert et al. 1995; Eckert et al. 1995; Kvicerova et al. 2008; Pakandl 2009; Oliveira et al., 2011 and Li et
al., 2016). Thus, the present study was conducted to investigate the morphology and morphometry of 11
species of Eimeria present in domestic rabbits in Qena Governorate, Upper Egypt, and to provide a
detailed key for these species on the basis of their morphological characteristics. Furthermore, the
endogenous stages (gametogony and oocyst wall formation) of E. intestinalis were observed via light
and transmission electron microscopy. Moreover, this study reveals the overall prevalence of infection
with different Eimeria species besides the prevalence of infection for each species separately.

Materials And Methods
Sample collection

Domestic rabbits were collected from different localities in Qena Governorate, Upper Egypt, from October
2018 to October 2020. They ranged from young (up to one year) to adult samples (over one year). The
weight of collected rabbits ranged from 350-900 g to 980-2700 g. Their fecal samples were freshly
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collected and examined microscopically for the presence of Eimeria spp. at the Laboratory of
Parasitology, Zoology Department, Faculty of Science, South Valley University, Qena.

Light microscopy

Unsporulated oocysts were examined directly in the fecal material of the infected rabbits using the
�otation method (Long et al., 1976; Kvičerová et al., 2008). The collected oocysts were sporulated in a
2.5% aqueous potassium dichromate solution in Petri dishes in air at room temperature for a week and
stored in glass bottles until use. The morphological and morphometric characters of unsporulated and
sporulated oocysts were investigated under a binocular compound microscope using an oil immersion
lens.

On the basis of 30 sporulated oocysts, measurements were made using a calibrated micrometer. All
measurements were made in micrometers and represented as mean followed by range in parentheses.
Hand drawings were made from the original �gures after adjusting them using the Adobe Photoshop CS6
program (version 13.0 × 32). The drawing process was divided into several stages, which were then
assembled to form the �nal stage.

Transmission electron microscopy

Samples were removed from the proximal and distal ileum of the rabbits’ intestine and placed
immediately in 3% glutaraldehyde in a 0.1 M cacodylate buffer (pH 7.3) for 24 h. After �xation in 2% OsO4

for 4 h, dehydration was performed in an ascending ethanol series. The samples were routinely processed
and embedded in an araldite embedding medium. Semithin sections were cut and stained with toluidine
blue for examination under a light microscope. Ultrathin sections were stained with uranyl acetate and
lead citrate (El Fayoumi and Abdel-Haleem, 2014) and examined under a JEOL-JEM-1010 electron
microscope at 80 kV at the Central Laboratory of South Valley University.

Results
Out of the 200 examined rabbits, 100 were positively infected with Eimeria spp., indicating a prevalence
of 50%.

E. exigua, E. perforans, E. intestinalis, and E. irresidua were the most common species; E. �avescens and
E. media were less common; and E. magna, E. coecicola, E. vejdovskyi, E. piriformis, and E. stiedae were
rare (Table 1).

The morphological and morphometric characters of the recovered Eimeria species are summarized in
Tables 1 and 2. The oocysts of 11 Eimeria species collected from the domestic rabbits in the present
study are illustrated in Figs. 1-15.

1. E. coecicola Cheissin (1947)
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Synonym: Eimeria oryctolagi Ray and Banik, 1965

Host: Domestic rabbits (Oryctolagus cuniculus) (L., 1758) (syn. Lepus cuniculus).

Locality: Qena governorate, Upper Egypt

Prevalence: 8% (8/100)

Sporulation time: 60h

Description (Tables 1 and 2, Fig. 1):

Sporulated oocysts are cylindrical and 29.75 μm (27.41–31.58 μm) in length and 17.38 μm (16.27–18.11
μm) in width, with a distinct micropyle at one end (Figs. 1B and 1D). The oocyst wall is double-layered;
the outer layer is smooth, somewhat thickened, forming a small ridge at the micropyle, and the inner layer
is membranous. The micropyle is well-pronounced and surrounded by a slightly thickened wall, the
oocyst residuum is rounded; and the polar granule is absent (Figs. 1B and 1D). Sporocysts are elongated
ovoid to spindle-shaped with a pointed end, measuring 12.04 μm (10.27–13.8 μm) in length and 7.03 μm
(6.16–7.75 μm) in width, with the Stieda body and residuum (Fig. 1D). Sporozoites are elongate, lying
lengthwise head to tail in the sporocysts, each with one refractile body at the wider end (Figs. 1B and 1D).

Unsporulated oocysts are cylindrical and 30.3 μm (29.52–31.22 μm) in length and 16.32 μm (15.43–
16.88 μm) in width, with a conspicuous micropyle (Figs. 1A and 1C). Sporoblast (zygote) is cylindrical,
measuring 22.54 μm (19.37–24.7 μm) in length and 12.07 μm (11.64–12.54 μm) in width (Figs. 1A and
1C).

2. E. exigua Yakimoff (1934)

Synonymy: Eimeria exigua Type I of Yakimoff, 1934; Eimeria exigua var. septentrionalis Madsen, 1938,
pro parte; Eimeria hungarica Pelle´rdy, 1956, pro parte.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena governorate, Upper Egypt.

Prevalence: 65 (65/100)

Sporulation time: 33h

Description (Tables 1 and 2, Fig. 2):

Sporulated oocysts are spherical to subspherical, measuring 19.41 μm (17.13–24.27 μm) in length and
19.61 μm (17.56–23.37 μm) in width. The micropyle and the oocyst residuum are absent. The sporocyst
is ellipsoid to elongated ovoid, measuring 11.44 μm (10.26–12.47 μm) in length and 6.75 μm (5.56–7.84
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μm) in width (Figs. 2B and 2D). The sporocyst residuum is present (Figs. 2B and 2D). The Stieda body is
present, and substieda and parastieda bodies are absent (Fig. 2D).

Unsporulated oocysts are spherical to subspherical, measuring 22.74 μm (20.48–25.41 μm) in length and
21.96 μm (20.61–23.88 μm) in width. The micropyle is absent (Figs. 2A and 2C). Sporoblast (zygote) is
spherical to subspherical, measuring 14.58 μm (11.96–18.12 μm) in length and 13.9 μm (11.5–17.25
μm) in width (Figs. 2A and 2C).

3. E. �avescens Marotel and Guilhon (1941)

Synonymy: Eimeria pellerdyi Coudert, 1977a, b; Eimeria hakei Coudert, 1978; Eimeria irresidua Kessel and
Jankiewicz, 1931 of Francalani and Manfredini, 1967.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 30% (30/100)

Sporulation time: 45h

Description (Tables 1 and 2, Fig. 3):

Sporulated oocysts are ovoid and 29.63 μm (24.71–34.42 μm) in length and 21.08 μm (17.06–25.45 μm)
in width. There are two oocyst walls; the outer wall is smooth, and the inner wall is thick. The micropyle is
prominent and well-de�ned. There are no oocyst residuum and polar granule. The sporocyst is elongated
ovoid, measuring 13.31 μm (12.08–14.07 μm) in length and 7.63 μm (6.23–8.96 μm) in width (Figs. 3B
and 3C). The Stieda body is small, without substieda or parastieda bodies (Fig. 3D). The sporocyst
residuum is present as a subspheroidal cluster of granules (Figs. 3B and 3D). Sporozoites are elongate,
each with one clear refractile body (Figs. 3B and 3D).

Unsporulated oocysts are ovoid, measuring 27.4 μm (25.25–29.79 μm) in length and 20.25 μm (18.54–
21.86 μm) in width, with a conspicuous micropyle (Figs. 3A and 3B). The sporoblast (zygote) is ovoid,
measuring 18.78 μm (17.67–20.43 μm) in length and 16.6 μm (14.33–18.7 μm) in width (Figs. 3A and
3C).

4. E. irresidua Kessel and Jankiewicz (1931)

Synonymy: Eimeria elongata Marotel and Guilhon, 1941.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 35% (35/100)
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Sporulation time: 50h

Description (Tables 1 and 2, Fig. 4): 

Sporulated oocysts are ellipsoid, measuring 29.69 μm (26.15–35.88 μm) in length and 19.18 μm (17.27–
23.06 μm) in width. There are two oocyst walls; the outer wall is smooth, and the inner wall is thick. The
micropyle is concave and conspicuous. Both the oocyst residuum and the polar granule are absent. The
sporocyst is ovoidal to ellipsoidal, measuring 13.65 μm (11.98–18.9 μm) in length and 7.68 μm (6.56–9
μm) in width (Fig. 4D). The Stieda body is pointed, and substieda and parastieda bodies are absent (Figs.
4B and 4D). The sporocyst residuum is irregularly elongate, compact, and granular (Figs. 4B and 4D).
Sporozoites lay end to end, each with a large refractile body at the wider end (Figs. 4B and 4D).

Unsporulated oocysts are ellipsoid, measuring 29.08 μm (28.28–29.53 μm) in length and 17.87 μm
(17.53–18.11 μm) in width, with a conspicuous micropyle (Figs. 4A and 4C). The sporoblast (zygote) is
ellipsoid, measuring 17.81 μm (17.75–17.87 μm) in length and 14.76 μm (14.32–15.01 μm) in width
(Figs. 4A and 4C).

5. E. magna Pe´rard (1925)

Synonymy: Eimeria perforans var. magna Pe´rard, 1925.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 10% (10/100)

Sporulation time: 48h

Description (Tables 1 and 2, Fig. 5):

Sporulated oocysts are ovoid, measuring 29.82 μm (28.13–32.31 μm) in length and 18.25 μm (17.82–
18.97 μm) in width. The micropyle is present, with a collar-like thickening of the outer layer around the
micropyle. The oocyst residuum is large (Fig. 5D); polar granule is absent. The sporocyst is ovoidal to
ellipsoidal, measuring 12.72 μm (9.7–15.43 μm) in length and 7.24 μm (6.64–7.59 μm) in width (Figs. 5B
and 5D). The Stieda body is small, and substieda and parastieda bodies are absent (Fig. 5B). The
sporocyst residuum is coarsely granular and appears as a small cluster in the middle of sporocysts (Figs.
5B and 5D). Sporozoites lay head to tail around the sporocyst residuum, each with a central nucleus and
one large refractile body at their broad end (Figs. 5B and 5D).

Unsporulated oocysts are ovoid, measuring 30.2 μm (29.74–30.87 μm) in length and 18.8 μm (17.89–
19.32 μm) in width, with a conspicuous micropyle (Figs. 5A and 5C). The sporoblast (zygote) is spherical
to subspherical, measuring 19.09 μm (18.72–14.07 μm) in length and 15.05 μm (13.94–16.64 μm) in
width (Figs. 5A and 5C).
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6. E. media Kessel and Jankiewicz (1931)

Synonymy: Eimeria media Kessel, 1929.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 25% (25/100)

Sporulation time: 31h

Description (Tables 1 and 2, Fig. 6):

Sporulated oocysts are ellipsoid, measuring 27.44 μm (25.34–29.4 μm) in length and 18.61 μm (16.36–
22.11 μm) in width. The micropyle is convex, protruding with thickening of the wall surrounding it (Figs.
6B and 6D). The oocyst residuum is spheroidal; the polar granule is absent (Figs. 6B and 6D). The
sporocyst is fusiform or ovoidal to ellipsoidal, measuring 13.72 μm (11.22–15.88 μm) in length and 6.95
μm (6.5–8.01 μm) in width (Figs. 6B and 6D). The Stieda body is small and �at (Fig. 6B), and substieda
and parastieda bodies are absent. The sporocyst residuum is compact and spheroidal and composed of
rough granules and is generally present near the sporocyst wall. Sporozoites lay end to end (Figs. 6B and
6D).

Unsporulated oocysts are ellipsoid, measuring 26.45 μm (25.68–27.14 μm) in length and 16.94 μm
(16.73–17.24 μm) in width, with an inconspicuous micropyle (Figs. 6A and 6C). The sporoblast (zygote)
is spherical, measuring 18.63 μm (18.26–18.98 μm) in length and 13.78 μm (13.5–14.04 μm) in width
(Figs. 6A and 6C).

7. E. perforans (Leuckart, 1879) Sluiter and Swellengrebel (1912)

Synonymy: Coccidium cuniculi Rivolta, 1878; Coccidium perforans Leuckart, 1879; Eimeria nana Marotel
and Guilhon, 1941; Eimeria lugdunumensis Marotel and Guilhon, 1942.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 63% (63/100)

Sporulation time: 30h

Description (Tables 1 and 2, Fig. 7):

Sporulated oocysts are ellipsoid, measuring 24.19 μm (16.46–26.68 μm) in length and 17.08 μm (11.73–
19.76 μm) in width. The micropyle is occasionally present or absent, rarely visible in smaller oocysts. The
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oocyst residuum is variable, spheroidal, triangular, or composed of a chain of granules; the polar granule
is absent (Figs. 7B and 7D). The sporocyst is fusiform or ovoidal to ellipsoidal, measuring 11.92 μm
(8.24–13.23 μm) in length and 6.52 μm (4.26–7.88 μm) in width (Figs. 7B and 7D). The Stieda body is
small (Fig. 7B), and substieda and parastieda bodies are absent. The sporocyst residuum is small and
granular (Figs. 7B and 7D). Sporozoites lay end to end, each with one end being broader than the other
and with one clear refractile body at the large end (Figs. 7B and 7D).

Unsporulated oocysts are ellipsoid, measuring 19.56 μm (15.25–22.96 μm) in length and 14.08 μm
(11.64–16.72 μm) in width, with an inconspicuous micropyle (Figs. 7A and 7C). Sporoblast (zygote) is
ellipsoid to ovoid, measuring 13.5 μm (11.63–15.19 μm) in length and 9.56 μm (7.9–10.63 μm) in width
(Figs. 7A and 7C).

8. E. intestinalis Cheissin (1948)

Synonymy: E. agnosta Pelle´rdy (1954); E. piriformis Gve´le´ssiani and Nadiradze (1945); E. piriformis
Cheissin (1948) (Pelle´rdy, 1953); non-E. piriformis Kotlan and Pospesch (1934); non-E. piriformis Marotel
and Guilhon (1941); non-E. piriformis Lubimov (1934).

Host: Domestic rabbit, O. cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 50% (50/100)

Sporulation time: 52 h

Description (Tables 1 and 2, Fig. 8):

Sporulated oocysts are piriform, measuring 25.19 μm (23.38–26.56 μm) in length and 18.3 μm (16.81–
19.37 μm) in width. The micropyle is well-de�ned with a wall somewhat thickened around it. The oocyst
residuum is conspicuous and granular; the polar granule is absent (Figs. 8B and 8D). The sporocyst is
oblong to ovoidal, measuring 10.97 μm (9.04–13.02 μm) in length and 6.38 μm (5.74–7.77 μm) in width
(Figs. 8B and 8D). The Stieda body is small (Fig. 8B), and substieda and parastieda bodies are absent.
The sporocyst residuum is small or a round, compact mass (Figs. 8B and 8D). Sporozoites are elongate,
lying lengthwise head to tail in sporocysts, each with one clear refractile body at the larger end (Figs. 8B
and 8D).

Unsporulated oocysts are piriform, measuring 23.9 μm (20.97–25.92 μm) in length and 163.83 μm
(13.71–20.34 μm) in width, with a conspicuous micropyle (Figs. 8A and 8C). The sporoblast (zygote) is
spherical to subspherical, measuring 15.22 μm (14.85–15.8 μm) in length and 14.31 μm (11.87–16.57
μm) in width (Figs. 8A and 8C).

Endogenous stages (Fig. 9):
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Examination of the histological section of the ileum revealed the presence of microgametes,
macrogametes, and oocysts. The early microgamonts were recognized by their large number of dark
small nuclei distributed throughout the entire surface of the gamont. The macrogametes were
distinguishable from microgametes by their large central nucleus with a prominent nucleolus and the
appearance of wall-forming bodies at their periphery. Numerous oocysts at different stages of maturation
could be distinguished within parasitophorous vacuoles.

Transmission electron microscopy (Figs. 10–12):

Microgametogenesis (Fig. 10): The developing microgamonts increased in length and eventually became
detached and occupied the parasitophorous vacuole. As the development of microgamonts proceeded,
the microgametes began to differentiate. The fully formed microgamete had an elongated nucleus and a
tubular mitochondrion, and two �agella were clearly observed. The nucleus occupied nearly all the
microgamete space, and a single stretched mitochondrion was present in the nuclear depression and
extended along the anterior half of the microgamete nucleus.

Macrogametogenesis (Fig. 11): The electron microscopic study revealed that a mature macrogamete was
characterized by a large central nucleus with a prominent nucleolus. The most signi�cant structure was
the appearance of the so-called wall-forming bodies (WFB). Two types of WFBs (WFBI and WFBII) were
detected. These stages were abundantly supplied with backup nutrients, amylopectin granules, and lipid
droplets that were clearly visible within this stage.

Oocyst development (Fig. 12): The dissociation and progressive disappearance of WFBs were related to
the onset of the appearance of the inner wall and the outer wall of the oocyst. After the completion of the
formation of the oocyte wall, the WFBs were no longer observed (Fig. 12B).

9. Eimeria stiedae (Lindemann, 1865) Kisskalt and Hartmann, 1907

Synonymy: Monocystis stiedae Lindemann, 1865; Psorospermium cuniculi Rivolta, 1878; Coccidium
oviforme Leuckart, 1879; Coccidium cuniculi (Rivolta, 1878) Labbe´, 1899; Eimeria cuniculi (Rivolta, 1878)
Wasielewski, 1904; Eimeria oviformis (Leuckart, 1879) Fantham, 1911; Eimeria stiedae var. cuniculi
Graham, 1933.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 2% (2/100)

Sporulation time: 58h

Description (Tables 1 and 2, Fig. 13):
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Sporulated oocysts are ovoid, measuring 28.13 μm (27.65 - 28.44 μm) in length and 16.99 μm (16.55 -
17.66 μm) in width. The micropyle is smooth at the narrow end of the oocyst, sometimes inapparent
(Figs. 13B and 13D). The oocyst residuum and the polar granule are absent (Figs. 13B and 13D). The
sporocyst is elongate ovoidal, measuring 11.01 μm (10.82 -11.18 μm) in length and 5.89 μm (5.67 - 6.03
μm) in width (Figs. 13B and 13D). The Stieda body is present (Fig. 13D), and substieda and parastieda
bodies are absent. The sporocyst residuum is granular (Figs. 13B and 13D). Sporozoites are elongate
(Figs. 13B and 13D).

Unsporulated oocysts are ovoid, measuring 27.31 μm (26.58 - 27.74 μm) in length, 17.37 μm (16.74 -
17.86 μm) in width, with an inconspicuous micropyle (Figs. 13A and 13C). The sporoblast (zygote) is
spherical, measuring 17.05 μm (16.55 - 17.38 μm) in length and 15.24 μm (14.88 - 15.46 μm) in width
(Figs. 13A and 13C).

10. Eimeria vejdovskyi Pakandl, 1988

Synonymy: Eimeria media Kessel, 1929 

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 5% (5/100)

Sporulation time: 48h

Description (Tables 1 and 2, Fig. 14):

Sporulated oocysts are ovoid, measuring 28.64 μm (27.27 - 30.44 μm) in length, 18.97 μm (18.08 - 20.27
μm) in width. There are two oocyst walls; the outer wall is smooth and interrupted by the micropyle, while
the inner wall is �attened or slightly concave. The micropyle is present. The oocyst residuum is spheroidal
and composed of many granules, and the polar granule is absent (Figs. 14B and 14D). The sporocyst is
fusiform, measuring 13.55 μm (12.68 - 14.48 μm) in length and 7.32 μm (7.07 - 7.79 μm) in width (Figs.
14B and 14D). The Stieda body is small and �at (Fig. 14B) and substieda and parastieda bodies are
absent.  The sporocyst residuum is compact and composed of rough granules near the sporocyst wall
(Figs. 14B and 14D). Sporozoites lay end-to-end, each with a large refractile body at the more rounded
end (Figs. 14B and 14D). 

Unsporulated oocysts are ovoid, measuring 29.97 μm (29.56 - 30.58 μm) in length and 18.14 μm (17.93 -
18.45 μm) in width, with a conspicuous micropyle (Figs. 14A and 14C). The sporoblast (zygote) is
spherical, measuring 15.14 μm (15.04 - 15.36 μm) in length and 16.2 2 μm (15.99 - 16.61 μm) in width
(Figs. 14A and 14C).

11. Eimeria piriformis Kotla´n and Pospesch, 1934
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Synonymy: Eimeria pyriformis Kotla´n and Pospesch, 1934 lapsus calami; non Eimeria piriforsmis
Lubimov, 1934; Eimeria piriformis Marotel and Guilhon, 1941; non Eimeria pellerdyi Prasad, 1960; non
Eimeria pellerdyi Coudert, 1977a, b.

Host: Domestic rabbit, Oryctolagus cuniculus (L., 1758) (syn. Lepus cuniculus).

Locality: Qena Governorate, Upper Egypt.

Prevalence: 3% (3/100)

Sporulation time:  40h

Description (Tables 1 and 2, Fig. 15):

Sporulated oocysts are piriform, measuring 23.98 μm (22.2 - 25.12 μm) in length and 18.25 μm (17.93
-18.51 μm) in width. There are two smooth oocyst walls and the outer wall is thickened around the
micropyle. The micropyle is prominent, located at the narrow end of the oocyst and surrounded by the
thickened outer wall. The oocyst residuum and polar granule are absent (Figs. 15B and 15D). Sporocysts
are ovoidal to spindle-shaped, measuring 10.54 μm (10.4 - 10.71 μm) in length and 6.42 μm (6.15 - 6.66
μm) in width (Figs. 15B and 15D). The Stieda body is apparently present at the pointed end of the
sporocyst (Fig. 15B) and substieda and parastied bodies are absent. The sporocyst residuum is granular
and usually located in the center of the sporocyst (Figs. 15B and 15D). Sporozoites are elongate, lay
head-to-tail in the sporocyst, each with one end being wider than the other and with one clear refractile
body at the wider end (Figs. 15B and 15D).

Unsporulated oocysts are piriform, measuring 25.68 μm (24.35 - 26.83 μm) in length and 20.12 μm (18.58
- 21.13 μm) in width, with a conspicuous micropyle (Figs. 15A and 15C). The sporoblast (zygote) is
spherical, measuring 15.44 μm (14.32 - 16.14 μm) in length and 13.87 μm (13.05 - 14.53 μm) in width
(Figs. 15A and 15C).

A Key to Eimeria spp. infecting domestic rabbits:

1- Oocysts piriform …………………………………………….….……………  2

Oocysts ovoid or ellipsoid .…………………….……….................................   3  

            Oocysts spherical or cylindrical ……………………………..………………...  7

2- Oocyst residuum present.................................................................. E. intestinalis

           Oocyst residuum absent……..……………………………………. E. piriformis

3- Oocysts ovoid ………………………………………………………………… 4

 Oocysts ellipsoid ………………………………………………...................... 6
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4- With micropyle and oocyst residuum; collar-like thickening of outer wall layer around
micropyle…………………...…………………..…………… E. magna

With normal micropyle and oocyst residuum……………………… E. vejdovesky

With micropyle and without oocyst residuum ………..………………………. 5

5- With prominent micropyle ……………..………………………….. E. �avescens

With smooth micropyle, sometimes inapparent................................ E. stiedae

6- No apparent micropyle; with variable oocyst residuum, spherical, triangular or composed of a chain of
granules..............................................……E.perforans

 With micropyle and spherical oocyst residuum ……………. …….. E. media

             With conspicuous micropyle and without oocyst residuum………. E. irresidua

7- Oocyst spherical, micropyle and oocyst residuum absent …………………………………………..…………………………  E.
exigua

            Oocyst cylindrical, well-pronounced micropyle and rounded oocyst residuum
………………………………………………………………………… E. coecicola

Discussion
Mixed infection with more than one species of Eimeria was the most common in this study, which is
consistent with previous studies. This can be attributed to the nature of food that may be contaminated
with several types of parasites.

The present study carefully reviewed the descriptions of the 11 valid species of Eimeria among domestic
rabbits, Oryctolagus cuniculus (all including descriptions supported with clear illustrations). The
morphological and morphometric characters of the sporulated oocysts of each Eimeria species are
comparatively consistent with those reported by the previous studies. Lie et al. (2016) observed that the
unsporulated morphology characteristics between E. vejdovskyi and E. coecicola as well as between E.
piriformis and E. intestinalis were similar. They did not differentiate E. vejdovskyi from E. coecicola and E.
piriformis from E. intestinalis based on their unsporulated morphological features.

In the present study, Eimeria exigua and E. perforans lack their micropyle. Additionally, oocyst residuum is
absent in E. exigua, E. �avescens, E. irresidua, E. stiedae and E. piriformis.

The sporocyst residuum was not mentioned in the described species of Eimeria by Kasim and Al-Shawa
(1987). El-Shahawy et al. (2012) and El-Shahawy and El-Goniemy (2018) did not mention the sporocyst
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residuum and the prevalence of infection for their examined Eimeria species. The size of sporoblast was
not mentioned in the description of Eimeria species given by Li et al. (2016).

In addition to, there are some minor observations as follows: (i) the oocysts and sporocysts of Eimeria
�avescens, E. magna, E. media, E. intestinalis and E. stiedae in the present study are larger than those
described by El-Shahawy et al. (2012) and Abdel-Baki and Al-Quraishy (2013), (ii) the micropyle of E.
�avescens was absent in the specimens described by El-Shahawy et al. (2012) and it was present in E.
perforans collected by El-Shahawy et al. (2012) and Abdel-Baki and Al-Quraishy (2013) and E. vejdovskyi
examined by Pakandl (1988), (iii) the sporocyst residuum of E. magna and E. media was absent in the
description provided by Abdel-Baki and Al-Quraishy (2013) and (iv) the oocyst residuum of E. stiedae was
absent in the description provided by El-Shahawy et al. (2012) and Abdel-Baki and Al-Quraishy (2013), in
which it was present in E. irresidua described by Norton et al. (1979), E. magna examined by Kasim and
Al-Shawa (1987), El-Shahawy et al. (2012), Abdel-Baki and Al-Quraishy (2013) and El-Shahawy and El-
Goniemy (2018) and E. vejdovskyi collected by Pakandl (1988).

Endogenous stages:

In the present study, macrogamonts, microgamonts, and oocysts were observed together. These
observations were in agreement with the results reported by El-Shahawy et al. (2012) in E. intestinalis and
those reported by El-Sayed et al. (2020) in different Eimeria spp. 

Transmission electron microscopic studies were performed on the endogenous stages of E. intestinalis,
merozoite formation (Snigirevskaya, 1969, Licois et al., 1992), microgametogenesis (Kheysin, 1958), and
merogony and gametogony (El Fayoumi and Abdel-Haleem 2014). 

Licois et al. (1992) conducted transmission electron microscopic studies on this species collected from
domestic rabbits in France. They reported four merogonous (asexual) generations. El Fayoumi and Abdel-
Haleem (2014) also performed transmission electron microscopic studies on this species collected from
domestic rabbits in Egypt. They reported four asexual generations (merogony) and gametogony. In the
present study, gametogony was clearly consistent with that reported by El Fayoumi and Abdel-Haleem
(2014). The present study has described the stage of oocyst formation for the �rst time on the basis of
previous studies. 

The elongation of the microgamete nucleus results in a �nger-like protrusion that fuses one
mitochondrion with �agellar buds and �nally develops into a microgamete. These observations were
recorded for other Eimeria species (Kheysin 1965; Scholtyseck 1973; Abdel-Ghaffar et al., 1990 and Al-
Ghamdy et al., 2005). At least two de�nite �agella were recorded in each mature microgamete. This result
was similar to that of E. intestinalis (Kheysin 1965; El Fayoumi and Abdel-Haleem 2014). 

The present study showed that the developing macrogametes have two types of WFBs (WFBI and WFBII).
As the development proceeded, WFBI was arranged more peripherally, whereas WFBII was arranged
approximately centrally, and a large amount of food reserve (amylopectin granules and lipid droplets)
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was observed in the cytoplasm of mature macrogametes. Similar observations have been reported (Dai et
al., 2005 and Bashtar et al., 2010). After fertilization, the WFBs fuse together, giving rise to the oocyst
wall. The appearance of the double-layered oocyst wall is generally accompanied by the disappearance
of the WFBs in the young oocyst. These results are consistent with previously reported �ndings in several
Eimeria species (Teixeira et al. 2004; Bashtar et al., 2010 and El-Shahawi et al., 2012).

Host- speci�city:

Host speci�city in Oryctolagus cuniculus seems fairly strict. Based on the evidence available at this time,
the majority of valid intestinal species are reported only from Oryctolagus cuniculus with a few isolated,
and questionable, reports from Lepus and/or Sylvilagus species, but without supporting cross-
transmission or molecular work; these include E. coecicola, E. exigua, E. �avescens, E. intestinalis, E.
piriformis, and E. vejdovskyi. Of the remaining four intestinal species, E. irresidua, E. magna, E. media, E.
perforans were discovered �rst in O. cuniculus, but have been transmitted to at least one species of
Sylvilagus; none of these has yet been transmitted to Lepus species. The only species to infect the liver, E.
stiedai, is the least speci�c of the eimerians of O. cuniculus, as it is known to also infect both Lepus and
Sylvilagus species, both naturally and experimentally (Duszynski and Couch 2013).

Conclusion
Eimeria stiedae, E. irresidua, and E. vejdovskyi were described for the �rst time in Qena Governorate,
Upper Egypt. Domestic rabbits in Egypt are at potential risk for coccidiosis, and it is necessary to conduct
further studies on the epidemiology of coccidiosis to control this disease. Further molecular studies are
also recommended to justify the true taxonomic position of these species.
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Figure 1

Eimeria coecicola collected from domestic rabbits, Oryctolagus cuniculus in Qena Governorate, Upper
Egypt. Figs. (A and B): Light micrographs of unsporulated and sporulated oocysts respectively. Figs. (C
and D): Line drawings of unsporulated and sporulated oocysts respectively. Scale bars, 5 μm.
Abbreviations; IW, inner wall; M, micropyle; OW, outer wall; S, sporozoite; SP, sporocyst(s); SR, sporocyst
residuum; OR, oocyst residuum; Z, zygote.
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Figure 2

Eimeria exigua collected from domestic rabbits Oryctolagus cuniculus in Qena Governorate, Upper Egypt.
Figs. (A and B): Light micrographs of unsporulated and sporulated oocysts respectively. Figs. (C and D):
Line drawings of unsporulated and sporulated oocysts respectively. Scale bars, 5 μm. Abbreviations; IW,
inner wall; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s); SR, sporocyst residuum; Z,
zygote.
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Figure 3

Eimeria �avescens collected from domestic rabbits, Oryctolagus cuniculus in Qena Governorate, Upper
Egypt. Figs. (A and B): Light micrographs of unsporulated and sporulated oocysts respectively. Figs. (C
and D): Line drawings of unsporulated and sporulated oocysts respectively. Scale bars, 10 μm.
Abbreviations; IW, inner wall; M, micropyle; OW, outer wall; S, sporozoite; SP, sporocyst(s); SR, sporocyst
residuum; Z, zygote.



Page 23/35

Figure 4

Eimeria irresidua collected from domestic rabbits, Oryctolagus cuniculus in Qena Governorate, Upper
Egypt. Figs. (A and B): Light micrographs of unsporulated and sporulated oocysts respectively. Figs. (C
and D): Line drawings of unsporulated and sporulated oocysts respectively. Scale bars, 10 μm.
Abbreviations; IW, inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s);
SR, sporocyst residuum; Z, zygote.
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Figure 5

Eimeria magna collected from domestic rabbits, Oryctolagus cuniculus in Qena Governorate, Upper Egypt.
Figs. (A and B): Light micrographs of unsporulated and sporulated oocysts respectively. Figs. (C and D):
Line drawings of unsporulated and sporulated oocysts respectively. Scale bars, 10 μm. Abbreviations; IW,
inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s); SR, sporocyst
residuum; OR, oocyst residuum; Z, zygote.
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Figure 6

Eimeria media collected from domestic rabbits, Oryctolagus cuniculus in Qena Governorate, Upper Egypt.
Figs. (A and B): Light micrographs of unsporulated and sporulated oocysts respectively. Figs. (C and D):
Line drawings of unsporulated and sporulated oocysts respectively. Scale bars, 5 μm. Abbreviations; IW,
inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s); SR, sporocyst
residuum; OR, oocyst residuum; Z, zygote.
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Figure 7

Eimeria perforans collected from domestic rabbits, Oryctolagus cuniculus in Qena Governorate, Upper
Egypt. Figs. (A and B): Light micrographs of sporulated and unporulated oocysts respectively. Figs. (C
and D): Line drawings of sporulated and unporulated oocysts respectively. Scale bars, 5 μm.
Abbreviations; IW, inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s);
SR, sporocyst residuum; OR, oocyst residuum; Z, zygote.
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Figure 8

Eimeria intestinalis collected from domestic rabbits Oryctolagus cuniculus in Qena Governorate, Upper
Egypt. Figs. (A and B): Light micrographs of sporulated and unporulated oocysts respectively. Figs. (C
and D): Line drawings of sporulated and unporulated oocysts respectively. Scale bars, 10 μm.
Abbreviations; IW, inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s);
SR, sporocyst residuum; OR, oocyst residuum; Z, zygote.
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Figure 9

Light micrographs of microgametogensis, macrogametogensis and oocyst development of Eimeria
intestinalis collected from domestic rabbits Oryctolagus cuniculus in Qena Governorate, Upper Egypt.
Scale bar; 200 μm. Abbreviations; Ma, macrogamet (s); Mi, macrogamont (s); N, nucleus; Oc, oocyst; PV,
parasitophorous vacuole.
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Figure 10

Transmission electron micrographs of microgamonts of Eimeria intestinalis collected from domestic
rabbits Oryctolagus cuniculus in Qena Governorate, Upper Egypt. Figs. (A and C): Mature microgamonts.
Figs. (B and D): High magni�cation of mature microgamonts. Scale bars; Fig. (A), 1000 nm and Figs. (B,C
and D), 500 nm. Abbreviations; F, �agella; Mi, mitochondrion; N, nucleus; PV, parasitophorous vacuole.
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Figure 11

Transmission electron micrographs of macrogametes of Eimeria intestinalis collected from domestic
rabbits Oryctolagus cuniculus in Qena Governorate, Upper Egypt. Figs. (A and C): Mature macrogametes.
Figs. (B and D): High magni�cation of mature microgametes. Scale bars; Figs. (A and C), 1000 nm and
Figs. (B and D), 500 nm. Abbreviations; A, amylopectin granules; L, lipid droplets; N, nucleus; Nu,
nucleolus; PV, parasitophorous vacuole; WFBI, wall-forming bodies I; WFBII, wall-forming bodies II.
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Figure 12

Transmission electron micrographs of oocysts of Eimeria intestinalis collected from domestic rabbits
Oryctolagus cuniculus in Qena Governorate, Upper Egypt. Fig. (A): Early oocyst. Fig. (B): Mature oocyst.
Fig. (C): High magni�cation of early oocyst. Scale bars; Fig. (A), 500 nm, Fig. (B), 1000 nm and Fig. (C),
200 nm. Abbreviations; A, amylopectin granules; L, lipid droplets; M, micropyle; O, oocyst wall; PV,
parasitophorous vacuole; V, veil; WFBI, wall-forming bodies I; WFBII, wall-forming bodies II.
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Figure 13

Eimeria steidai collected from domestic rabbits Oryctolagus cuniculus in Qena Governorate, Upper Egypt.
Figs. (A and B): Light micrographs of sporulated and unporulated oocysts respectively. Figs. (C and D):
Line drawings of sporulated and unporulated oocysts respectively. Scale bars, 10 μm. Abbreviations; IW,
inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s); SR, sporocyst
residuum; OR, oocyst residuum; Z, zygote.
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Figure 14

Eimeria vejdovskyi collected from domestic rabbits Oryctolagus cuniculus in Qena Governorate, Upper
Egypt. Figs. (A and B): Light micrographs of sporulated and unporulated oocysts respectively. Figs. (C
and D): Line drawings of sporulated and unporulated oocysts respectively. Scale bars, 10 μm.
Abbreviations; IW, inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s);
SR, sporocyst residuum; OR, oocyst residuum; Z, zygote.
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Figure 15

Eimeria piriformis collected from domestic rabbits Oryctolagus cuniculus in Qena Governorate, Upper
Egypt. Figs. (A and B): Light micrographs of sporulated and unporulated oocysts respectively. Figs. (C
and D): Line drawings of sporulated and unporulated oocysts respectively. Scale bars, 10 μm.
Abbreviations; IW, inner wall; M, micropyle; OW, outer wall; S, sporozoite; SB, Stieda body; SP, sporocyst(s);
SR, sporocyst residuum; OR, oocyst residuum; Z, zygote.
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