The Journal of

ENDOGENOUS LIFE CYCLE OF EIMERIA MARMOSOPOS (APICOMPLEXA: EIMERIIDAE)
FROM THE OPOSSUM, DIDELPHIS MARSUPIALIS (DIDELPHIMORPHIA: DIDELPHIDAE) IN
COSTA RICA
Misael Chinchilla, Idalia Valerio, and Donald Duszynski*
Research Department, Universidad de Ciencias Médicas (UCIMED), San José, Costa Rica. Correspondence should be sent to: Chinchillacm@ucimed.com
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ABSTRACT:

The endogenous life cycle of Eimeria marmosopos was studied in experimentally infected young opossums, Didelphis
marsupialis. All the endogenous stages were located in the epithelial cells of villi in the small intestine. Giemsa-stained mucosal
scrapings and histological sections were studied for the diagnosis of all the life cycle stages. Eimeria marmosopos has 3 generations of
meronts (M) that differ by size, shape, and number of merozoites (m), which also differ in their size, shape, and location of their nuclei
within the cytoplasm of the meronts. The 3 meront types, M1–M3, respectively, had 8–15 (m1), 4–9 (m2), and 22–30 (m3) merozoites.
Macrogametocytes and microgametocytes, as well as macrogametes and microgametes, completed the sexual cycle, ﬁnishing with the
formation of unsporulated oocysts. This parasite’s endogenous development produced severe intestinal lesions in experimentally
infected opossums. There are 56 Eimeria species known from all marsupials worldwide, but this is the ﬁrst complete life cycle in which
both the asexual and sexual stages have been documented.
photographed with an Olympus C-60 camera (Olympus, Tokyo, Japan).
All measurements are given in micrometers (lm), with the mean followed
by the ranges in parentheses. We use some of the standardized
abbreviations of Wilber et al. (1998) and others: length (L), width (W),
ratio (L/W), nucleus (N), nucleus diameter (ND), distance from anterior
end to the nucleus (DAN), distance from the posterior end to the nucleus
(DPN).

The coccidian species Eimeria marmosopos was found the ﬁrst
time in Bolivia in Marmosops dorothea (Thomas, 1911) by
Heckscher et al. (1999) and later in Costa Rica by ValerioCampos et al. (2015) in the opossum, Didelphis marsupialis L.,
1758. There are 57 species of Eimeriidae, 56 Eimeria and 1
Isospora species, described from marsupials worldwide (Duszynski, 2015); to date, however, we know almost nothing about the
biology of these intestinal coccidians from the 3 marsupial orders
that harbor these 57 species. For example, the amount of time it
takes for oocysts to sporulate once they leave the conﬁnes of their
host’s intestinal tract has been determined, to some minimal
degree, for 12/57 (21%) of the known Eimeria and Isospora
species. We know the prepatent and/or patent periods for only 3/
57 (5%) eimeriid species. We know the site of infection, where
endogenous development takes place, in only 6/57 (10.5%)
eimeriid species, and we know partial details of 1 or 2 endogenous
tissue stages in 4/56 (7%) of these species. However, there are no
detailed or complete life history studies on the endogenous
development of any of these species from marsupials. Therefore,
we undertook an experimental study to conﬁrm some of our
previous work, to answer some of these questions, and to discover
and describe the endogenous developmental stages of E.
marmosopos in Costa Rican opossums.

RESULTS
Sporulation
Valerio-Campos et al. (2015) determined that oocysts were shed
in the feces in an unsporulated state and that their sporulation
could be completed in 6 to 7 days when maintained in 2% (w/v)
aqueous potassium dichromate (K2Cr2O7) solution at 21 6 3 C,
and we concur with their results.
Location
The endogenous stages were located in epithelial cells of most
of the small intestine. Parasites were predominantly found in cells
on the sides and tips of the villi and located under the N of
infected cells; some of the N of these cells were ﬂattened. There
were no parasites in the other organs.
Description of endogenous stages (Figs. 1–15, Giemsastained mucosal scrapings; Figs. 16–25, H&E-stained
tissue sections)

MATERIALS AND METHODS
Five 2-mo-old, coccidia-free opossums were used in our experiments.
The animals were inoculated with ~100.000 sporulated oocysts of E.
marmosopos. After inoculation, the 5 opossums were overdosed via ether
anesthesia and studied at 24-hr intervals (days postinoculation, PI). The
small intestine was divided into 5 portions from the duodenum to the
ileocecal valve and these portions were processed as follows. One small
part of each segment was used to prepare samples for direct microscopic
examination of mucosal scrapings stained with Giemsa. The remainder of
each segment on each day, as well as the cecum and colon, were ﬁxed in
Zenker’s solution; additionally, the liver, stomach, spleen, kidney, heart,
and lungs were ﬁxed in 10% buffered formalin. Fixed tissues were
processed by routine methods and stained with Harry’s hematoxylin–eosin
(H&E). All endogenous stages found in the stained mucosal scrapings and
in intestinal sections were studied with an Olympus BX41 microscope and

Trophozoites: Trophozoites in mucosa scrapings (n ¼ 20),
observed on day 2 PI, were spheroidal and subspheroidal, 4.2 (3–
5) wide, with a slightly vacuolated cytoplasm and a prominent
eccentric N (Fig. 1); ND (n ¼ 20): 1.2 (1–2); D/ND: 3.5 (2.5–4.5).
Spheroidal trophozoites in histological sections (n ¼ 12) were 3.3
(2–4) wide and had a vacuolated cytoplasm and an eccentric N
(Fig. 17); ND and D/ND were similar to those observed in
mucosa scrapings.
First-generation meronts (M1): Immature stages had several
nuclei (average ~11), each surrounded by cytoplasm, and were
observed on day 2 PI in mucosal scrapings (Fig. 4). Mature M1
seen on day 3 PI were spheroidal to subspheroidal (Figs. 5, 18).
Those in mucosal scrapings measured L 3 W (n ¼ 20): 20.6 3 16.1
(17–25 3 17–24), L/W: 1.3 (1–3.5); and in histological sections L 3
W (n ¼ 8): 12.5 3 10 (12–14 3 8–11), L/W: 1.3 (1–2). Firstgeneration m1 were usually arranged parallel to each other within
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FIGURES 1–3. Endogenous stages of Eimeria marmosopos. Giemsa-stained mucosal scrapings. (1) Trophozoite with eccentric nucleus (arrow). Bar ¼ 5
lm. (2) First-generation merozoite. Bar ¼ 7 lm. (3) Second-generation merozoite. Bar ¼ 7.

the M1, and in the mucosal scrapings, the number of m1 per M1 (n
¼ 20) was 12.2 (8–15) (Fig. 5).
First-generation merozoites (m1): The m1s were tapered toward
each end, sharply pointed at 1 end (anterior), and rounded in the
other end (posterior). In fresh squash preparations we saw the m1s
display movements described earlier by Ernst et al. (1977). The N
of stained m1s were usually spheroidal and located in the middle
of the posterior end (Fig. 2). The m1s in mucosal scrapings were L
3 W (n ¼ 20): 14.1 3 2.2 (13–15 3 2–3), L/W: 6.4 (4.5–7); distance
of anterior end to nucleus (DAN): 7.3 (6–8); distance of posterior
end to the nucleus (DPN): 4.4 (3.5–5).
Second-generation meronts (M2): Immature and mature M2s
were observed both in mucosal scrapings and histological sections
on days 3–6 PI. Immature stages were usually spheroidal, with a
few N within the cytoplasm (Figs. 5, 19). Mature M2 were
spheroidal or subspheroidal and their merozoites (m2) were
arranged parallel to each other in each M2 (Fig. 7). In mucosal
scrapings M2 were L 3 W (n ¼ 20): 15.2 3 12.6 (13–17 3 9–17), L/
W: 1.2 (1–2). In histological sections, M2 were: L 3 W (n ¼ 11):
10.5 3 9.5 (10–11 3 8–11), L/W: 1.1 (1.1–1.3). The M2 in mucosal
scrapings (n ¼ 20) contained 5.7 (4–9) m1 and 11 M2 in
histological sections contained 6.5 (4–9) m1.
Second-generation merozoites (m2): Stained m2s in mucosal
scrapings were basophilic, shorter than those seen in other
meronts, curved, with a pointed anterior end and a rounded
posterior end. Their N was located in a centric, or slightly
eccentric, position and some vacuoles were present in the
cytoplasm (Fig. 3). In mucosal scrapings these m2 were L 3 W
(n ¼ 20) 10.1 3 2.1 (7–13 3 1.5–3), L/W: 4.8 (3.5–7); the DAN was
4.7 (2.5–7), and the DPN: 3.5 (2–2.5).
Third-generation meronts (M3): Immature and mature M3 were
observed in mucosal scrapings and histological sections on day 6
PI. Immature M3 were subspheroidal or ellipsoidal (Fig. 8), with
many rounded N scattered within the cytoplasm. Mature M3 were
subspheroidal to ovoidal, with many long and slender m3s
randomly arranged within the M3 (Figs. 9, 20). In mucosal
scrapings M3s were L 3 W (n ¼ 20): 28 3 22.9 (20–42 3 11–31), L/
W: 1.2 (1–2); and in tissue sections were L 3 W (n ¼ 13): 13.5 3 11

(10–17 3 8–16), L/W: 1.2 (1–2). The number of m3s observed in
mucosal scrapings was 25 (22–30) and in histological sections it
was 14.7 (11–21).
Third-generation merozoites (m3): The m3s were long, slender,
and pointed at both ends. Their N was elongate–subspheroidal,
and located in the posterior end. Some vacuoles were observed
within the cytoplasm (Fig. 9). In mucosal scrapings the m3 were L
3 W (n ¼ 20): 16.1 3 2 (14–18 3 2–2.5), L/W: 8 (5.8–8.5). DAN:
10.5 (7.5–12); DPN: 3.2 (2–4).
Gamonts: Gamonts are undifferentiated stages that were
observed in mucosal scrapings and in tissue sections (Figs. 10,
17) 4 days PI. These early gamonts were highly variable in size
and were usually spheroidal. This stage has a homogeneous
cytoplasm and it is distinguishable from some of the trophozoites
seen by the presence of a prominent N. Gamonts in mucosal
scrapings (n ¼ 20) were 9.3 (7–12); DN: 3.1 (2.5–5).
Macrogametes: Macrogametes were observed 6–7 days PI.
Some young gametes in mucosal scrapings were basophilic and
had a vacuolated cytoplasm and an eccentric N; others showed a
dense cytoplasm (Fig. 11). They were usually spheroidal (n ¼ 20),
and measured: 16.5 (12–20); DN: 3.3 (2–5). Intermediate
macrogametes had eosinophilic-wall–forming bodies (WFB)
(Fig. 12) and, as they matured, the WFBs increased in size and
number and started their migration to the periphery of the wall; a
sequence of this process is shown in some histological sections
(Fig. 21). Mature macrogametes with all the WFB located in the
periphery were also seen (Fig. 24). Mature macrogametes, usually
spheroidal in mucosal scrapings (n ¼ 20), were: 23.2 (20–43); DN:
1.3 (1–2) and contained 33 (16–57) WFB. Mature macrogametes
in histological sections (n ¼ 20) were D: 16.8 (13–22). As in other
eimerian species, the WFB migrate to the periphery of the
macrogamete to form the cyst wall; oocysts fully formed were
observed in mucosal scrapings and in histological sections (Fig.
25).
Microgametocytes: These sexual stages were studied in mucosal
scrapings and histological sections on days 6–7 PI. Young
microgametocytes had many nuclei and were spheroidal to
subspheroidal (Fig. 13). Older microgametocytes were spheroidal

438

THE JOURNAL OF PARASITOLOGY, VOL. 101, NO. 4, AUGUST 2015

FIGURES 4–9. Asexual stages of Eimeria marmosopos. Giemsa-stained mucosal scrapings. (4) Immature ﬁrst-generation meront and nucleus. Bar ¼ 12
lm. (5) Mature ﬁrst-generation meront showing the well-organized merozoites. Bar ¼ 15 lm. (6) Immature second-generation meront. Bar ¼ 10 lm. (7)
Mature second-generation meront. Bar ¼ 10 lm. (8) Immature third-generation meront. Bar ¼ 15 lm. (9) Mature third-generation meront and
merozoites. Bar ¼ 15.
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FIGURES 10–15. Sexual stages of Eimeria marmosopos. Giemsa-stained mucosal scrapings. (10) Gamont. Bar ¼ 6 lm. (11) Young macrogamete. Bar
¼ 7 lm. (12) Intermediate macrogamete with eosinophilic-wall–forming bodies. Bar ¼ 12 lm. (13, 14) Immature microgametocytes. Bar ¼ 25 lm. (15)
Free microgametes. Bar ¼ 10 lm.
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FIGURES 16–21. Small intestine showing several asexual stages of Eimeria marmosopos. hematoxylin–eosin (H&E)-stained tissue sections. (16)
Intestine with numerous developmental stages and evident necrotic mucosa. Bar ¼ 25 lm. (17) Trophozoite, (T) and gamont (G). Bar ¼ 3 lm. (18)
Transverse and longitudinal view of ﬁrst-generation meront. Bar ¼ 20 lm. (19) Second-generation meront. Bar ¼ 12 lm. (20) Third-generation meront.
Bar ¼ 10 lm. (21) Fertilized macrogamonts showing migration of eosinophilic-wall–forming bodies. Bar ¼ 10 lm.
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FIGURES 22–25. Sexual stages of Eimeria marmosopos. Hematoxylin–eosin (H&E) -stained tissue sections. (22) Immature microgametocytes. Bar ¼
15 lm. (23) Mature microgametocytes (microgametes extruding their ﬂagella). Bar ¼ 15 lm. (24) Macrogamete with peripheral eosinophilic-wall–
forming bodies. Bar ¼ 10 lm. (25) Unsporulated oocysts with walls completely formed. Bar ¼ 10 lm.

and had the N characteristically located in the periphery (Fig. 14).
Immature microgametocytes in mucosal scrapings were L 3 W (n
¼ 20): 32 3 20.6 (19–70 3 12–40) and in tissue sections they were:
L 3 W (n ¼ 13): 13.8 3 9.7 (10–18 3 6–15). Immature
microgametocytes (n ¼ 20) in mucosal scrapings had 75.1 (41–
144) N, and in histological sections (n ¼ 13) they had 19–71 (39.3)
N. Mature microgametocytes were recognized by the presence of
microgametes randomly arranged surrounding the residual body
(Figs. 15, 23). The microgametocytes had a variable morphology
(usually ellipsoidal) and in mucosal scrapings were: L 3 W (n ¼
20): 30.7 3 21 (20–45 3 14–35) and in histological sections were: L
3 W (n ¼ 5) 15.8 3 11.2 (13–20 3 9–14). In mucosal scrapings the
number of microgametes in microgametocytes (n ¼ 20) was: 67.7
(44–104) and in histological sections (n ¼ 5) it was: 32.6 (23–44).
Microgametes: Microgametes in mucosal scrapings (n ¼ 20)
were short and slender with both extremes slightly pointed (Fig.
15) and measured: 4.6 3 1.1 (3–6 3 1–1.5). In tissue sections we
observed the ﬂagella of gametes emerging from the microgame-

tocyte (Fig. 23), and these microgametes (n ¼ 5) were L 3 W: 3.0 3
1.0.
Oocysts: Oocysts at different stages of development were
observed in histological sections (Fig. 25) on day 7 PI. The
oocysts were spheroidal or subspheroidal and the more advanced
stages presented the characteristic rough and striated outer wall
previously described. Unsporulated oocysts in mucosal scrapings
were: L 3 W (n ¼ 20): 22.6 3 20.9 (21–25 3 17–22) and in
histological sections were: L 3 W (n ¼ 20): 20.4 3 18.9 (20–24 3
16–22). Because of the high infection, the mucosa of the infected
animals showed lesions caused by the cellular necrosis of the
infected intestinal cells (Fig. 16).
DISCUSSION
The presence of E. marmosopos in D. marsupialis was recently
reported in Costa Rica by Valerio-Campos et al. (2015);
however, nothing was known about the prepatent and patent
periods, the site of infection, the number and details of the
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endogenous developmental stages in the life cycle, or whether or
not E. marmosopos causes any pathology. Put in perspective,
there are no life cycles known for any of the 56 Eimeria spp. from
marsupials in the Americas or in Australia (Duszynski, 2015).
This work is the ﬁrst complete study of a marsupial coccidian
and we conﬁrmed sporulation time, and documented prepatency, each stage of endogenous asexual and sexual development
(except the sporozoites entering cells), and the pathology caused,
both in ﬁxed mucosal scrapings and in stained histological
sections.
The only stage we did not document was freshly excysted
sporozoites, but these have been seen and recorded by others 1
day PI (Ernst et al., 1977; Current et al., 1981); likely we did not
ﬁnd them because the ﬁrst animal we studied was at 2 days PI,
and it is probable that all sporozoites had already penetrated
epithelial cells by then or had been shed in the feces. Trophozoites
were differentiated from young gamonts by size and the
morphology of their N; in trophozoites it was prominent, whereas
in early gamonts it was diffuse.
The number, size, and timing of merogonous developmental
generations in any eimerian life cycle are difﬁcult to determine
precisely, because many variables must be considered that can
alter the observations being made. For example, Roudabush
(1937) studied the endogenous phases of the life cycle of Eimeria
nieschulzi Dieben, 1924, in rats, with the use of ﬁxed, stained
tissue sections, whereas Marquardt (1966) studied the living
endogenous stages of E. nieschulzi in fresh tissue squashes under
phase contrast microscopy. Marquardt (1966) noted that the
endogenous stages he saw and measured were 20–25% larger than
those recorded by Roudabush (1937) because of the artifact of
ﬁxation (shrinkage) and the limited 2-dimensional nature of tissue
sections. We tried to avoid this issue by using both mucosal
scrapings and embedded and stained tissue sections and giving the
dimensions for both. Also, some structures and morphological
details (e.g., paired organelles) seen in mucosal scrapings fail to
show up in histological preparations (Marquardt, 1966).
Other variables that can affect the details of merogonous
development include the strain of the parasite used and the
number of sporulated oocysts in the inoculating dose. Roudabush
(1937) found fourth-generation m4s in his tissue sections at day 4
(86–192 hr) PI, and Marquardt (1966) found M4 and m4s only
between 144 and 168 hr PI; Schumacher and Marquardt (1985)
reexamined the development of fourth-generation merogony and
ﬁrst found m4 at 140 hr and as late as 156 hr PI. Marquardt (1966)
and Schumacher and Marquardt (1985) used the Landers isolate
(Landers, 1960), which had been in Marquardt’s laboratory since
the early 1960s (DWD, pers. obs.). The isolate studied by
Roudabush (1937) had been maintained in the laboratory of the
late Dr. Elery R. Becker at Iowa State College, Ames, Iowa, but
his isolate likely no longer exists, and Schumacher and Marquardt
(1985) speculated that the Becker isolate may have been
contaminated by another species (unlikely) or that strain
difference was responsible for the variation seen. One indication
of the latter is that Becker (1934) stated that as few as 30,000 E.
nieschulzi oocysts (of his strain) might cause death of a rat,
whereas Schumacher and Marquardt (1985) stated that .1
million oocysts of the Landers strain were needed to cause death
in a 60–75-g adult rat. Finally, Schumacher and Marquardt
(1985) found that, despite the use of the same isolate, there were
differences between the timing of fourth-generation merogony in

their study and that of Marquardt (1966), 136–156 hr PI vs. 144–
168 hr PI, respectively. They noted that in the earlier study a
larger inoculum was used, likely spreading out the infection in
time.
Macrogametes are known to have 2 types of wall-forming
bodies (WFB-1, WFB-2) whose function, morphology, and
relationship to oocyst wall biogenesis has been well described,
initially by Scholtyseck et al. (1969) and later by Mai et al. (2009).
Their work suggests that WFBs are species-speciﬁc, with WFB-1
being larger in some species, whereas WFB-2 is larger in others.
Because WFB-1 are more electron-dense than WFB-2 (Ryley,
1973; Scholtyseck, 1973), we believe that the prominent WFB seen
in the macrogametes of E. marmosopos, correspond to WFB-1.
Although in some of the macrogametes we observed a few diffuse
spherical bodies, in addition to dense ones, the latter were more
abundant and rapidly migrated to the periphery of the cell; in
some of these gametes we observed a few bodies near a
rudimentary cell wall, indicating the initial formation of this wall.
Young microgametocytes showed many N randomly scattered
in their cytoplasm; however, in advanced stages, we observed the
characteristic alignment of the N at the periphery of a central
mass, which means a monocentric type of development (Cheissin,
1967, p. 51). Mature microgametocytes showed ‘‘typical’’
microgametes with their ﬂagella.
In summary, we have veriﬁed previous work on the sporulation
time and temperature for oocysts of E. marmosopos (ValerioCampos, 2015); we describe in detail for the ﬁrst time the only
complete life cycle of the asexual and sexual stages known for any
Eimeria species in all marsupials worldwide, and we document
that E. marmosopos from D. marsupialis in Costa Rica can cause
pathology in this (and possibly related) opossum species.
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