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Abstract

Although infections with Cyclospora cayetanensis are prevalent worldwide, many aspects of
this parasite’s life cycle remain unknown. Humans are the only known hosts, existing infor-
mation on its endogenous development has been derived from histological examination
of only a few biopsy specimens. In histological sections, its stages are less than 10 μm,
making definitive identification difficult. Here, confirmation of cyclosporiasis in a duodenal
biopsy specimen from an 80-year-old man without any recognized immunodeficiency
patient is reported. Asexual forms (schizonts) and sexual forms (gamonts) were located
within enterocytes, including immature and mature schizonts, an immature male gamont
and a female gamont. Merozoites were small (<5 μm × 1 μm) and contained two
rhoptries, subterminal nucleus and numerous micronemes and amylopectin granules.
These parasite stages were like those recently reported in the gallbladder of an immuno-
compromised patient, suggesting that the general life-cycle stages are not altered by
immunosuppression.

Introduction

Cyclosporiasis is a global gastrointestinal infection caused by the apicomplexan protozoal
parasite, Cyclospora cayetanensis (Ortega et al., 1994). Several recent papers review the preva-
lence, clinical symptoms, diagnosis, epidemiology and treatment of cyclosporiasis (Almeria
et al., 2019; Giangaspero and Gasser, 2019; Almeria et al., 2020; Hadjilouka and Tsaltas,
2020; Li et al., 2020; Mathison and Pritt, 2021). Unfortunately, many aspects of this parasite’s
life cycle remain unknown, and existing information on its endogenous development has been
derived from histological examination of only a few biopsy specimens (Bendall et al., 1993;
Sifuentes-Osornio et al., 1995; Sun et al., 1996; Deluol et al., 1996; Nhieu et al., 1996;
Ortega et al., 1997; Connor et al., 1999; Velásquez et al., 2004; Tsang et al., 2013; Rozenova
et al., 2021). Although some of these reports include the diagnosis by electron microscopic
examination of intestinal biopsies, the description of the various life-cycle stages remains
incomplete, and in some cases, is inaccurate (reviewed in Dubey et al., 2020a). To our knowl-
edge, there are no reports of full postmortem findings of any cyclosporiasis patients. The most
complete information regarding the structure of life-cycle tissue stages is from a profoundly
immunocompromised Honduran man with acquired immunodeficiency syndrome (Dubey
et al., 2020a). In this extensive morphologic study, the entire gallbladder had been surgically
removed and thus allowed for examination of multiple tissue sections by transmission
electron microscopy (TEM) (Dubey et al., 2020a). There was profuse multiplication of
schizonts, and Type II long merozoites were not found. Additionally, sexual stages were
described in detail (Dubey et al., 2020a). Despite these interesting findings, the authors recog-
nized the limitations of this study in that the stages were from a gallbladder rather than the
more common site of infection (intestine) and that the patient was profoundly immunocom-
promised. Considering these limitations, we report here the diagnosis of clinical cyclosporiasis
in an elderly patient by TEM examination of a formalin-fixed, small intestinal biopsy
(Velásquez et al., 2004).

For the benefit of uninformed readers, a brief introduction is provided to elucidate the
coccidian endogenous life cycle. Following ingestion of sporulated oocysts in contaminated
food or water, sporozoites are believed (based on analogy to more detailed data from various
species of Eimeria) to excyst in the gut lumen and multiply, asexually, in intestinal epithelial
cells (Dubey et al., 2020b). A few sporozoites may also invade the epithelium of the bile ducts
and gallbladder. Based on histological examination of endoscopic biopsies of duodenum or
upper jejunum of Peruvian patients, asexual stages were observed within intestinal epithelial
cells (presumably enterocytes) (Ortega et al., 1997). Only a few parasites were observed,
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and thus results were pioneering but preliminary. These stages
were termed Types I and II meronts (Ortega et al., 1997). Type
I meronts each contained 8–12 small (3–4 μm long) merozoites;
Type II meronts each contained 4 (12–15 μm long) merozoites
(Ortega et al., 1997). However, the size of these merozoites was
not confirmed by others (reviewed in Dubey et al., 2020a). The
mode of division was not described.

In the gallbladder of the immunocompromised Honduran
man, C. cayetanensis stages were found only in epithelial cells,
located in a parasitophorous vacuole in the apical aspect of the
host cell cytoplasm (Dubey et al., 2020a). Mature schizonts
were 7.6 × 5.1 μm and contained up to 10 merozoites. The size
of merozoites could not be determined by histopathological
examination but appeared to be less than 6 μm long. By TEM
examination, evidence of schizont division by schizogony was
observed (where the parasite nucleus divided into five or more
nuclei before segregating into distinct merozoites). A residual
body was present in some schizonts, but not in others. The number
of generations of schizonts could not be determined because of the
profound state of hyper-infection in this host. By light microscopy,
individual merozoites and schizonts (containing merozoites) in dif-
ferent phases of development appeared within the same host cell or
in adjacent host cells. Whether the course of schizont development
in this case was influenced by the immunocompromised status of
the patient could not be ascertained.

Materials and methods

Patient’s information

The intestinal biopsy evaluated in this study was obtained from an
80-year-old man with type 2 diabetes, chronic kidney disease,
hypertension and deafness. He had no known immunosuppres-
sive condition. The full case result and findings from histopatho-
logic examination of small intestinal biopsies was reported by
Velásquez et al. (2004).

Electron microscopic examination

Tissue was excised from a formalin-fixed paraffin-embedded
block, cut to 1 mm cubed pieces and placed in a small nylon spe-
cimen bag. The specimen bag was immersed in warmed xylene
and placed in a 60°C oven for 90 min and then transferred to
absolute ethanol for 30 min at 60°C. The tissue was then subjected
stepwise to decreasing concentrations of ethanol to 60% where it
is then placed into McDowell’s and Trump’s fixative (McDowell
and Trump, 1976) overnight at 4°C. Following two rinses in 0.1
M sodium phosphate buffer (pH 7.2), the samples were immersed
in 1% osmium tetroxide for 1 h at room temperature. Following
three washes in distilled water, the samples were placed in 2%
aqueous uranyl acetate for 30 min and then rinsed twice in dis-
tilled water. The samples were dehydrated in an ethanolic series
culminating in two changes of 100% acetone. Tissues were then
transferred to a mixture of Spurr’s resin (1969) and acetone
(1:1) for 30 min, followed by 2 h in 100% resin with two changes.
Samples were then placed in fresh 100% Spurr resin in moulds
and polymerized at 65°C for 12 h or longer. Semi-thin (0.5 μm)
survey sections were cut, placed on glass slides and stained with
1% toluidine blue-O in 1% sodium borate. Ultrathin (90 nm) sec-
tions were placed onto copper grids, stained with lead citrate and
examined with a JEOL 1400 transmission electron microscope
(JEOL, Ltd., Tokyo, Japan) operating at 80 keV.

Results

As noted in prior reports, both asexual and sexual stages were
found within parasitophorous vacuoles in the apical portion of
the host cell cytoplasm, above the nucleus (Fig. 1). All stages
were present within enterocytes, except one that was in a goblet
cell (Fig. 2). All parasite forms were smaller than 7 μm. Asexual
stages included both immature and mature schizonts. The earliest
stage recognized was an uninucleate zoite with a large nucleus,
prominent nucleolus and with a few peripheral micronemes
(Fig. 3). This stage is akin to an eimerian trophozoite (Dubey

Fig. 1. Transmission electron micrograph of C. cayetanensis tissue stages in a duodenal biopsy. Tissue stages (a–d) are located within cytoplasmic parasitophorous
vacuoles (pv) at the apical end of infected enterocytes. Note the intact overlying microvillous border (mv) and host cell nuclei (hcn). Four schizonts (a–d) are visible in
this section; the schizont in (a) is immature, while the schizonts in (b–d) are mature and contain fully formed merozoites. Note the small size (∼5 μm) of the schizonts.
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Fig. 2. Transmission electron micrograph of C. cayetanensis tissue stages in a duodenal biopsy. A uninucleate parasite (a) is located in a goblet cell (gc) that contains
mucin (mu) and profuse endoplasmic reticulin in the basilar region. Note a mature schizont (b) in an adjacent cell. The overlying microvillus (mv) border is intact.

Fig. 3. Transmission electron micrograph of C. cayetanensis in a duodenal biopsy. A uninucleate stage is located within a parasitophorous vacuole (pv). Note the
large nucleus (nu) with a prominent nucleolus (nuo) and a few micronemes (mn). Other organelles are not present. This stage is like a coccidian trophozoite.
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Fig. 4. Transmission electron micrograph showing higher magnification of the C. cayetanensis immature schizont shown in Fig. 1. This pear-shaped schizont con-
tains at least two nuclei (nu), each with a nucleolus (nuo). A few micronemes (mi) are seen in cross- and longitudinal sections.

Fig. 5. Transmission electron micrograph of a C. cayetanensis mature schizont in a duodenal biopsy. At least six merozoites are cut at the level of the nuclei (nu).
There is a seventh possible merozoite, but it is not cut at the level of the nucleus, and thus cannot be confirmed.
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et al., 2020b). It could not be ascertained if this stage was an early
schizont or a gamont. An immature schizont is shown in Fig. 4.
This schizont has at least two visible nuclei and several micro-
nemes. There were at least six merozoites in mature schizonts
based on the presence of nuclei in each (Fig. 5). A clear-cut
residual body was not evident in this example. Figure 6 shows
three or more merozoites, with numerous amylopectin granules
and micronemes. The micronemes resembled rice grains, less
than 250 nm in length; they were concentrated at the conoidal
part but a few were seen at the level of the nucleus. The rhoptries
were electron dense and no more than two were seen in any mer-
ozoite; their blind end reached up to the middle of merozoite
length. The nucleus was located subterminally. Two (one imma-
ture and one mature) microgamonts were also identified in
TEM sections. The immature microgamont contained four per-
ipherally located nuclei, with peripherally arranged chromatin
(Fig. 7). The mature microgamont measured 6.2 × 5.0 μm and

contained a large residual body and peripherally located microga-
metes with flagella (Fig. 8). Two macrogamonts (5 × 5 μm, Fig. 9)
and 6.5 × 4.1 μm (Fig. 10) were also seen. Each macrogamont con-
tained a large nucleus, numerous amylopectin and two types of
wall-forming bodies (wfb); wfb1 are larger and less electron
dense than the wfb2, which are electron dense. Oocysts were
not detected in the sections examined in this case.

Discussion

The asexual and sexual stages in the duodenal biopsy of the pre-
sent case were essentially like those from the gallbladder of the
immunosuppressed patient reported previously (Dubey et al.,
2020a). Because of the limited size of the intestinal biopsy,
TEM examinations were limited to few (<5) infected intestinal
villi. Despite the limited size and prior fixation in formalin,
both asexual and sexual stages within enterocytes could be

Fig. 6. Transmission electron micrograph of C. cayetanensis mature merozoites in a duodenal biopsy. There are two longitudinally cut merozoites (A, B) and several
merozoites in oblique section (C). Note the conoid (co) and numerous micronemes (mn) that are concentrated at the conoidal end but are present up to the level of
the nucleus. Also note one or two rhoptries (rh), reaching up to the middle of the merozoites. The nucleus (nu) is located sub-terminally. Note only a few amylo-
pectin (am) granules are seen in the two longitudinally cut merozoites, but numerous amylopectin granules are easily visible within the merozoites cut in an
oblique section.
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recognized. A uninucleate form within a goblet cell was also
noted; to our knowledge, this is the first report of C. cayetanensis
parasitizing a goblet cell.

Asexual forms observed in this study included both immature
and mature schizonts. While it is difficult to differentiate imma-
ture schizonts from immature microgamonts by light microscopy,
the location of chromatin as visualized by TEM aids in the identi-
fication and differentiation of these stages. Specifically, the chroma-
tin is often located at the periphery of the nucleus in multinucleated
microgamonts, whereas the chromatin is often compact and not in
a peripheral location in multinucleated schizonts.

In the present study, only small-sized schizonts were found and
they contained fewer than eight merozoites with variable numbers
of amylopectin granules. In general, coccidian merozoites contain
only a few amylopectin granules that stain red with periodic acid
Schiff reaction. However, in the present case numerous amylopectin

granules were noticed in some merozoites. This is in keeping with
the prior report of C. cayetanensis involving the gallbladder in an
immunocompromised man, where some merozoites contained
many amylopectin granules, and others contained only a few
(Dubey et al., 2020a). Whether these differences are related to gen-
erations of merozoites remain unknown. In histological sections,
the size and number of merozoites within a schizont can be difficult
to determine, unless the merozoites are cut longitudinally (showing
both the conoid and the posterior tip and when the nucleus is vis-
ible. In the present study, one longitudinally sectioned merozoite
(Fig. 6B) was 5.5 × 1.1 μm long and a maximum of six nuclei
could be ascertained in schizonts. This compares with previous
results that suggest that C. cayetanensis merozoites are tiny (<6
μm). The 12–15 μm long merozoites reported by Ortega et al.
(1997) were not found in this case or in reports by other authors
(reviewed in Dubey et al., 2020a). As stated earlier, there are no

Fig. 7. Transmission electron micrograph of a C. cayetanensis immature microgamont (male) in a duodenal biopsy. Note the presence of four peripherally located
nuclei (nu) with peripherally located chromatin.
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archived specimens for verification from Ortega’s report, and
unfortunately there was no scale bars in the published images for
evaluation of size (Ortega et al., 1997).

Sexual forms observed in this study included both micro- and
macrogamonts. We were able to confirm the presence of flagella
in the microgametes within a microgamont (male gamont) as
previously described from the gallbladder of a HIV patient
(Dubey et al., 2020a). Dimensions of microgametes and the num-
ber of flagella were not determined. In several apicomplexan para-
sites, the microgametes have two flagella and sometimes a
rudimentary third flagellum (Dubey et al., 2020b). In the related
coccidian, Toxoplasma gondii, the microgametes have a large
nucleus (∼5 μm long) and flagella that are two to three times
longer than the nucleus (Dubey, 2022). We also noted several
characteristic wall-forming bodies in the macrogamont (female
gamont). The wall-forming bodies disappear when the oocysts
are fully formed. In the present case, oocysts were not found in

biopsy sections. However, the patient’s stool was positive for C.
cayetanensis DNA by multiplex PCR panel.

To date, all information on the TEM tissue stages of C. caye-
tanensis has been based on examination of tissues that were ini-
tially fixed in formalin. While this has produced satisfactory
morphology, it would be advisable to use an optimal fixative for
electron microscopy such as glutaraldehyde. Karnovsky fixative
(a mixture of formalin and glutaraldehyde) can be used both
for light microscopy and TEM. In addition to histologic and
TEM examinations, it would also be helpful to visualize parasites
on cytological smears to better establish the dimensions of the
various parasite forms.

In summary, we confirm the C. cayetanensis tissue forms as
previously described in the gallbladder of a profoundly immuno-
compromised man with AIDS, and present, for the first time, evi-
dence of goblet cell infection. These findings contribute to our
knowledge of this enigmatic human protozoan parasite.

Fig. 8. Transmission electron micrograph of a C. cayetanensis mature microgamont (male) in a duodenal biopsy. The microgamont is within a parasitophorous
vacuole in the apical aspect of the cell, near the overlying microvillous (mv) brush border. (A) The microgamont contains a large central residual body (rb)
and peripherally located flagellated microgametes seen in longitudinal (mgm1) and cross-sections (mgm2). (B) Higher magnification of microgametes with
electron-dense nuclei and electron-lucent flagella (fl). Note the cross-section of microtubules in each flagellum.
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Fig. 9. Transmission electron micrograph of a C. cayetanensis macrogamont (female) in a duodenal biopsy. This 5 × 5 μm macrogamont contains an elongated
nucleus (nu) with a prominent nucleolus (nuo), numerous amylopectin granules (am) and a few lipid bodies (li). Also note peripheral wall-forming bodies (wfb1).

Fig. 10. Transmission electron micrograph of a C. cayetanensis macrogamont (female) within a parasitophorous vacuole (pv) in a duodenal biopsy. This 6.8 × 4.8
μm macrogamont is at a more advanced stage than the macrogamont shown in Fig. 9. Note an elongated nucleus (nu), numerous amylopectin granules (am), few
lipid bodies (li) and peripheral wall-forming bodies (wfb1 and wfb2).
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