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J. Parasitol., 64(4), 1978, pp. 696-705 
? American Society of Parasitologists 1978 

THE LIFE CYCLE OF EIMERIA FALCIFORMIS VAR. PRAGENSIS 
(SPOROZOA: COCCIDIA) IN THE MOUSE, MUS MUSCULUS 

G. M. Mesfin and J. E. C. Bellamy 
Department of Veterinary Pathology, Western College of Veterinary Medicine, 
University of Saskatchewan, Saskatoon, Saskatchewan S7N OWO 

ABSTRACT: The life cycle of Eimeria falciformis var. pragensis, established from a single oocyst, is 
described in experimentally infected mice (Mus musculus). The coccidium had a prepatent period 
of 7 days and a patent period of 10-16 days. Oocysts were spherical to ellipsoidal in shape and mea- 
sured 21.2 X 18.3 uAm. Sporulation time was 3 to 3.5 days. Sporocysts measured 12.2 X 7.2 ,um 
and contained a circular to ovoid granular sporocyst residuum measuring 5.5 X 5.0 ,um. One, 
2 or 3 circular to rectangular polar granules were observed within each sporulated oocyst. The 
endogenous stages developed primarily in the cecum and colon and only occasionally in the 
lower ileum. Four generations of schizonts were found. Mature Ist-generation schizonts, first 
observed 48 hr postinfection (PI), measured 17.8 X 12.3 Am and had 12 merozoites that measured 
13.3 X 2.0 ,tm. Mature 2nd-generation schizonts appeared 78 hr PI. They measured 10.2 X 9.3 ,um 
and had 8 merozoites measuring 5.0 X 1.6 /um. Mature 3rd-generation schizonts appeared first at 
114 hr PI and measured 17.5 X 10.2 ,tm and had 10 merozoites that measured 12.4 X 1.8 ,am. 
Mature 4th-generation schizonts appeared first at 144 hr PI. They measured 18.2 X 15.3 Aum and 
had 18 merozoites. The merozoites of the 4th-generation schizont were 4.5 X 1.2 ,tm. Mature macro- 
gamonts and microgamonts developed simultaneously appearing at 156 hr PI. Macrogamonts mea- 
sured 16 X 14.5 ,um and microgamonts were 18.2 X 15.3 ,um. In experimentally infected rats (Rattus 
norvegicus), development of E. falciformis var. pragensis progressed only as far as mature Ist- 
generation schizonts. 

Of the 15 species of Eimeria reported to 
infect mice, 14 have been given a specific 
name (Pellerdy, 1974). Except for E. pra- 
gensis Cema and Senaud 1969, which was 
later renamed E. falciformis var. pragensis 
(Cerna et al., 1974), E. falciformis Eimer 
1870 (Haberkorn, 1970; Owen, 1975), E. 
vermiformis (Ernst et al., 1971; Todd and 
Lepp, 1971), and E. ferrisi (Levine and Ivens, 
1965; Ankrom et al., 1975) mouse coccidia 
have been speciated mainly on the basis of 
differences in oocyst features (Table I). The 
life cycle of murine coccidia believed to be E. 
falciformis has been studied by several in- 
vestigators with inconsistent and conflicting 
results (Pellerdy, 1974). Of the recent re- 

ports, Haberkorn (1970) and Cerna et al. 
(1974) reported four asexual generations but 
a prepatent period of 4 to 7 days and 7 to 8 
days, respectively. A murine coccidium with 
three asexual generations and a prepatent 
period of 4-5 days also has been described as 
E. falciformis (Owen, 1975). 

In the present study, the exogenous and 

endogenous stages of a murine coccidium were 
examined and compared with other eimerian 

species described in mice. Host specificity of 

Received for publication 18 October 1977. 

the parasite was studied by examining coc- 
cidial stages in rats. 

MATERIALS AND METHODS 

The coccidia 

Sporulated oocysts of an eimerian species 
(thought to be E. contorta) were obtained from 
Dr. P. Stockdale, Animal Disease Research In- 
stitute, Lethbridge, Alta. A single oocyst infection 
was established and coccidia were maintained in 
the laboratory by routine passage through coc- 
cidia-free mice. Passaged oocysts were sporulated 
in 2.5% potassium dichromate and stored at 4 C 
until used. 

Experimental animals 

Randomly bred Swiss white mice and rats (Rat- 
tus norvegicus) aged 4 to 6 weeks, obtained from 
the Animal Resources Center, University of 
Saskatchewan, Saskatoon, were used in this study. 
Prior to experimental infections, feces of each 
animal were checked for any parasites 3 times, 
at 2-day intervals, using the flotation method. 
The animals were free of coccidial oocysts. Some 
of the mice passed low numbers of pinworm 
(Symphacia obvelata and Aspiculuris teraptera) 
eggs. Piperazine therapy at 6 mg/ml of drinking 
water for 5 days was effective against the pin- 
worms. Mice intended for studies of endogenous 
stages using the "squash" preparation were given 
Neomycin at 10 mg/kg of body weight for 3 days 
to reduce the intestinal bacterial population. 
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Experimental procedures 

Oocysts were washed free of potassium dichro- 
mate by repeated centrifugation in physiological 
salt solution. The Fuchs' Rosenthal Ultraplane 
Hemocytometer was used for counting the oocyst 
inocula. Each animal was lightly anesthetized 
with ether and the desired number of oocysts was 
given by stomach tube. 

To determine the prepatent and patent periods, 
mice were inoculated with 15,000 sporulated 
oocysts. Feces were collected from each mouse 
every 24 hr and soaked in distilled water for 6 hr 
or more to facilitate homogenization. The method 
of Long and Rowell (1958) was used to count 
oocysts. When oocyst numbers were too low to 
count with the McMaster chamber, the sugar 
flotation method was used. Two mice were killed 
on each of days 18, 22, 26, and 30. The entire 
intestinal tract and the mesenteric lymph nodes 
were fixed in Bouin's fluid for 24 hr, post-fixed in 
70% alcohol, dehydrated, paraffin embedded, sec- 
tioned at 3-6 Aum and stained with hematoxylin- 
eosin (H&E). 

To determine sporulation time, coccidia-free 
mice were infected with 20,000 sporulated oocysts. 
Mice were killed on the 8th day PI and feces 
collected from the cecum and colon. Oocysts were 
separated from the fecal debris by flotation using 
Sheather's sugar solution. The sugar solution was 
washed off quickly by repeated centrifugation to 
prevent oocyst injury. Oocysts were allowed to 
sporulate at 20 C in a 250 ml tissue culture flask 
containing 2.5% potassium dichromate of not more 
than 4 mm in depth. Oocysts were examined 
every 12 hr for sporulation. Sporocysts and sporo- 
zoites were released by gently crushing the oocysts 
between microscope slides and cover glasses. 

To study the endogenous stages, mice were 
inoculated with either 100,000 or 15,000 sporu- 
lated oocysts. Beginning at 12 hr PI, 5 mice were 
killed at 6-hr intervals until 120 hr PI and at 12-hr 
intervals from 120 to 192 hr PI. Mice inoculated 
with the former dose were killed before 4 days PI. 
Tissues from the anterior colon were fixed either 
in 2.5% glutaraldehyde or in 2% osmium cacodyl- 
ate buffer, embedded in epon, sectioned at 1 ,um 
and stained with Methylene Azure II Basic Fuch- 
sin (Humphrey and Pittman, 1974). For exami- 
nation of merozoites, scrapings of middle colonic 
mucosa were placed on a microscope slide and 
teased apart in salt solution. Coverslips were 
applied gently and sealed with DPX mounting 
medium to prevent drying. Using phase contrast 
and/or interference contrast microscopy, the rela- 
tive numbers of the different merozoite types were 
determined. Tissues from 6 equidistant points 
along the small intestine, the cecum, anterior, 
middle, and distal colon, mesenteric lymph nodes, 
spleen, liver, kidneys, and brain were processed as 
outlined above and stained with H&E. Some of 
the intestinal sections were stained with Heiden- 
hain's iron hematoxylin and the Feulgen method. 

A Zeiss photomicroscope I equipped with apo- 
chromatic objectives was used to study, measure 
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FIGURE 1. Mean daily oocyst output in mice 
infected with 15,000 Eimeria falciformis var. pra- 
gensis. The broken line represents a few oocysts 
in feces determined by sugar flotation. Each point 
represents the mean of 8 mice. 

and photograph the various stages. Measurements 
were recorded for 100 oocysts and sporocysts and 
for 50 sporozoites and other endogenous stages, 
except at 48 and 168 hr where 10 to 25 schizonts 
were measured. 

The host specificity of the coccidium was stud- 
ied by infecting rats with 200,000 sporulated 
oocysts. Two rats were killed every 24 hr up to 
120 hr PI. Small intestine at 8 equidistant points, 
the cecum, 2 sections from the colon, and mesen- 
teric lymph nodes were processed routinely and 
stained with H&E for histological examination. 
Using the sugar concentration method, the feces 
in 3 rats were checked for any coccidial oocysts 
up to 15 days PI. 

RESULTS 

Prepatent and patent periods 

Each of eight mice experimentally infected 
with 15,000 sporulated oocysts began dis- 
charging oocysts on the 7th day PI. Oocyst 
discharge peaked on the 8th and 9th days and 
declined rapidly thereafter (Fig. 1). In most 
mice, oocysts were not detected 15 days PI 

I . .-.S 
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FIGURES 2, 3. Oocysts of Eimeria falciformis var. pragensis. 2. Retained oocysts within the lamina 
propria of the colon; 28 days PI. HE X 500. 3. Sporulated oocysts showing polar granules (PG). 
Interference contrast microscopy X 1,000. Insert shows a sporozoite with a small anterior and large 
posterior refractile body. Phase contrast microscopy X 1,500. 

using the McMaster chamber; however, quali- 
tative determination by fecal flotation detected 
low levels of oocyst discharge up to 22 days 
PI. Histopathologic examination of the colon 
and/or cecum of mice killed at 18, 22, 26, and 
30 days after infection showed some oocysts 
retained in the lamina propria (Fig. 2) but 
other endogenous stages were not observed at 
these times. 

Description of the oocysts 

Oocysts were spherical, subspherical and 

ellipsoidal. The oocyst wall was smooth and 

composed of two layers which tended to fuse 
at one pole of the oocyst. The oocysts did not 
have a micropyle or an oocyst residuum. 

Sporulation was 90% complete by the 3rd 

day. In the first 24 hr, no mature sporocysts 
were formed. Most were undergoing cleavage 
and some of the oocysts contained four spheri- 
cal to ovoid sporoblasts. 

Sporulated oocysts were 21.1 (16-25) X 
18.3 (15-22) /um with a length to width ratio 
of 1 to 1.3. One to three ellipsoidal, rec- 

tangular, or spherical polar granules were usu- 

ally present. Polar granules were seen readily 
in oocysts compressed between microscope 
slides and coverslips. 

Sporocysts were ellipsoidal, measuring 12.2 

(12-14) X 7.2 (6-8.8) /m with a small 
Stieda body at one end. The sporocyst resid- 
uum was spherical to subspherical and con- 

sisted of small granules surrounded by a thin 
membrane. One or two sporocysts usually 
were found at right angles and perpendicular 
to the long axis of the oocyst. In a compressed 
oocyst all four sporocysts, each containing two 
sporozoites, were seen within the oocyst (Fig. 
3). 

Sporozoites were elongate and their long 
axis corresponded with the long axis of the 
sporocyst. They were partially curled around 
each other and around the sporocyst residuum. 
Sporozoites were curved slightly, pointed 
anteriorly and bluntly rounded posteriorly. 
Sporozoites measured 15.8 (14-18) x 2.6 
(2-4) ,tm. Two refractile bodies were present 
on either side of the subcentrally located nu- 
cleus. The posterior refractile body was long 
and wide, completely filling the entire width 
of the sporozoite. The anterior refractile body 
was smaller and centrally located just anterior 
to the nucleus (Fig. 3). 

Location in host 

Merogony and gametogony occurred in all 
parts of the cecum and colon, and in a few 
mice, the terminal ileum. Parasitic stages were 
not found in the rest of the small intestine nor 
in the other organs examined. Parasites pri- 
marily invaded the crypts of Lieberkiihn. 
Occasionally, surface epithelial cells were 
involved, particularly so with the later endog- 
enous stages. Schizonts and gamonts usually 
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FIGURE 4. Proportions of merozoite types (? 
standard deviation) in colonic mucosal scrapings 
of mice infected with Eimeria falciformis var. pra- 
gensis. 0-0 large merozoites; ---- small 
merozoites. Each point represents the mean of 5 
mice. 

were situated above the host cell nuclei. In 
some cases they were found below the host 
cell nuclei but still within the epithelial cells. 
Third- and fourth-generation schizonts as well 
as gamonts were seen only rarely in the lamina 

propria. After mucosal repair, oocysts trapped 
within the lamina propria were commonly ob- 
served (Fig. 2). 

Merogony 

In intestinal scrapings, two types of mero- 
zoites, large and small, alternately peaked at 
60, 96, 120, and 168 hr PI (Fig. 4). During 
its peak at 96 hr, the small merozoites believed 

to be of the 2nd generation were not more than 
90% of the total merozoite population. A 
greater variation was also observed between 
mice regarding the proportions of merozoites 
at 84 hr PI. Merozoites of the 1st and 3rd 
generation were morphologically similar. They 
were long, slightly curved, and in fresh prep- 
arations measured 15.5 (12-17) /um. Mero- 
zoites of the 2nd and 4th generation schizont 
were small, curved, and measured 6.1 (5-12) 
,um in length. Although the two groups of 
merozoites, large versus small, were morpho- 
logically indistinguishable, they could be iden- 
tified by distinct maturation time differences 
(Fig. 5-8). The large merozoites were more 
actively motile than were the small merozoites. 
Histologically, four asexual generations were 
observed (Fig. 9). 

First-generation schizont 

After penetrating crypt epithelial cells, 
sporozoites maintained their normal shape be- 
fore they rounded off (Fig. 10) to become 1st- 
generation trophozoites. Trophozoites, seen 
initially at 18 hr PI in the cecum and colon, 
usually had two spherical refractile bodies and 
a prominent eccentric nucleus (Fig. 11). These 
refractile bodies were seen clearly in develop- 
ing schizonts with four nuclei or less. By 48 
hr most were multinucleated (Fig. 12) and a 
few mature 1st-generation schizonts were pres- 
ent. Developing merozoites were recognizable 
in schizonts as blunt ellipsoidal and elongated 
masses. Mature Ist-generation schizonts were 
most abundant at 60-72 hr PI usually con- 
centrated within particular crypts. 

FIGURES 5-8. Merozoites seen in colonic scrapings of mice infected with Eimeria falciformis var. 
pragensis. Interference contrast microscopy X 1,400. 5. First generation merozoites; 60 hr PI. 6. 
Second generation merozoites; 92 hr PI. 7. Third generation merozoites; 120 hr PI. 8. Fourth gen- 
eration merozoites; 144 hr PI. 
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In fixed tissues, schizonts were found within 
a large parasitophorous vacuole. Mature schiz- 
onts sectioned longitudinally measured 17.8 
(15-20) X 12.3 (10-14) j/m. In schizonts 
cut in cross section, 12 (8-16) merozoites 

measuring 13.3 (11-15) X 2 (1.8-2.3) /m 
were closely packed and tended to intertwine 
with each other. All merozoites faced the 
same direction within the schizont and were 
slightly pointed anteriorly (Fig. 13). The 
nuclei, located at the same level, converged 
posteriorly to a small residual body which was 
seen more readily in 1 [/m thin sections. It 
was uncertain whether the few large schizonts 
seen at 108 hr PI belonged to the 1st or 3rd 

generation. 

Second-generation schizont 

Binucleate and multinucleate immature schiz- 
onts of the 2nd generation were abundant at 
72 hr PI, primarily in the colon. Some of the 
schizonts showed peripheralization of their 
nuclei. As merozoite maturation progressed, 
merozoites budded from a large central mass. 
When mature, merozoites detached from the 
central mass except for some which remained 
attached by their posterior end. In mature 
schizonts, residual bodies were seen as small 

spherical bodies in the center of schizonts 

(Fig. 14). Second-generation schionts were 
smaller, measuring 10.2 (8-14) X 9.3 (5-12) 
[cm with less obvious parasitophorous vacuoles 
compared to 1st-generation schizonts. The 8 

(6-12) merozoites of the 2nd generation were 
more randomly located in the parasitophorous 
vacuoles than they were in the 1st-generation 
schizonts. Second-generation merozoites were 
smaller and each had a nearly centrally located 
nucleus. In processed tissues, they measured 
5 (4-8) x 1.6 (1-2) [tm and were seen as 
late as 120 hr PI. 

Third-generation schizont 

Multinucleated immature schizonts seen at 
108 hr matured relatively uniformly to 3rd- 

generation schizonts at 120 hr PI. These schiz- 
onts were morphologically indistinguishable 
from the Ist-generation schizonts (Fig. 15). 
Almost every crypt of the colon and cecum 
contained organisms. Multiple infections of 
one host cell were frequently encountered. 
Merozoites and occasionally schizonts were 
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FIGURE 9. Proportions of mature asexual 
generations (? standard deviation) in colonic 
sections of mice infected with Eimeria falciformis 
var. pragensis. A-A, first-generation schizont; 

------ , second-generation schizont; x-.-x, 
third-generation schizont; 0-0, fourth-generation 
schizont. Shaded area indicates overlap of similar 
schizont types. Each point represents the mean 
of 5 mice. 

seen free in the intestinal crypts and lumen. 
Third-generation schizonts measured 17.5 
(15-21) x 10.2 (8-13) /um and contained 10 
(8-18) merozoites. Merozoites, measuring 
12.4 (10-16) X 1.6 (1.4-2.0) /um were 

slightly curved and were arranged in the same 
manner as in the 1st-generation schizonts. In 

longitudinally sectioned schizonts residual 
bodies were found at either one end of the 
schizont where merozoites converged or just 
beneath the row of merozoite nuclei. In some 
cases, residual bodies were found lying free 
within the parasitophorous vacuole (Fig. 15). 
Occasional mature 3rd-generation schizonts 
were seen at 168 hr PI. 

Fourth-generation schizont 

Trophozoites, some binucleate and some 
with four nuclei, observed in sections taken at 
126 hr PI, were believed to be those of the 
4th generation. These matured rapidly and 
were recognizable as mature 4th-generation 
schizonts by 132 hr PI but were more abun- 
dant at 150 hr. Merozoite maturation ap- 
peared less uniform than in the 1st- and 3rd- 

generation merozoites. Schizonts had a large 
central residual body from which merozoites 
budded (Fig. 16). In some cases, mature 
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FIGURES 10-21. Photomicrographs of endogenous stages of Eimeria falciformis var. pragensis. Fig- 
ures 10-16 fixed in Bouin's and stained with H&E and Figures 17-21 fixed in Osmium and stained 
with Methylene Azure II Basic Fuchsin. 10. Sporozoite within host cell cytoplasm (arrow); 18 hr 
PI X 1,500. 11. Rounded sporozoite with two refractile globules (arrows); 24 hr PI X 1,500. 12. 
Multinucleate immature 1st-generation schizont; 24 hr PI X 1,500. 13. Mature Ist-generation schiz- 
onts; 48 hr PI X 1,000. 14. Mature 2nd-generation schizonts; 84 hr PI X 1,000. 15. Mature 3rd- 
generation schizonts. A residual body lying free within the parasitophorus vacuole (arrow); 120 hr 
PI X 900. 16. Mature 4th-generation schizont with a centrally located residual body; 144 hr PI 
X 1,000. 17. Microgametes assuming "comma" shape and protruding from central residual mass 
(arrow); 168 hr X 1,500. 18. Mature microgamont with a central residual mass and peripheral 
microgametes (MI); 192 hr PI X 1,500. 19. Immature macrogamont with an eccentrically located 
nucleus and randomly distributed cytoplasmic granules; 144 hr PI X 1,500. 20. Two mature macro- 
gamonts showing peripheralization of cytoplasmic granules; 144 hr PI X 1,500. 21. Zygote with 
peripheral coalescing granules (Z) and mature oocysts (0); 192 hr PI X 1,500. 
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merozoites were found free in the parasito- 
phorous vacuoles while others were radiating 
from the central residual body. Fourth-genera- 
tion schizonts were large, circular, and mea- 
sured 15 (11-22) X 14.4 (10-16) /xm and 
had 18 (12-40) small "banana-shaped" mero- 
zoites (Fig. 8). Merozoites were similar to 
those of the 2nd generation and measured 
4.5 (3-5) X 1.2 (0.8-1.6) /.m. 

Microgametogony 

Immature microgamonts were similar to 
immature 4th-generation schizonts. They were 
recognizable at 156 hr PI when their nuclei 
were located more peripherally. Often they 
occupied the entire host cell displacing the 
crescent-shaped nucleus to one corner of the 
cell. Microgamonts rarely were seen in the 
same cell with macrogamonts. With matura- 
tion, the microgametes assumed a "comma" 
shape and projected from the central residual 
mass (Fig. 17). Mature microgamonts mea- 
sured 18.2 (11-25) X 15.3 (10-20) jum and 
in some a centrally located homogenous mass 
was observed. Microgametes with their 
flagella were more readily demonstrable in 1 
,um sections (Fig. 17). The microgametes 
were about 3.0 X 0.6 /tm. The number of 
flagella per gamete could not be determined. 

Macrogametogony 

Immature macrogamonts were seen first at 
144 hr PI. They were easily differentiated 
from other endogenous stages by their single 
large nucleus and abundant cytoplasm. Nuclei 
were either centrally or eccentrically located 
(Fig. 19). As they matured and grew larger, 
their cytoplasm became more granular due 
to the randomly distributed plastic granules. 
With maturation the granules became distinct 
spherical bodies arranged marginally (Fig. 
20). Mature macrogamonts measured 16 
(14-22) x 14.5 (12-20) t/m. Soon after 
maturation, the peripheral plastic granules 
fused to form an irregular band around the 
macrogamonts. As this band became thinner 
and translucent, it formed a distinct oocyst wall 
(Fig. 21). 

Host specificity 

Immature multinucleate schizonts were seen 
in the cecum and colon of rats killed at 48 

and 72 hr PI. A few Ist-generation schizonts, 
morphologically similar to the corresponding 
stage in mice, were seen in the cecum and 
colon of two rats killed at 72 and 96 hr. No 
endogenous stages were seen in intestinal sec- 
tions of rats killed at 120 hr and none of the 
rats passed oocysts in their feces up to 15 days 
PI. 

DISCUSSION 

Table I summarizes the features of the 15 
species of Eimeria described in the mouse. Ex- 
cept for E. falciformis (Haberkorn, 1970; 
Owen, 1975), E. vermiformis (Todd and 
Lepp, 1971), E. falciformis var. pragensis 
(Cerna et al., 1974) and E. ferrisi (Ankrom 
et al., 1975), these mouse coccidia were spe- 
ciated on the morphology of oocysts. Because 
oocyst features overlap somewhat between 
species (Table I), and because oocyst size 
varies within a particular species (Duszynski, 
1971), the reliability of oocyst morphology as 
a definite speciating tool is questionable. 

Our observations of the exogenous and 
endogenous stages of a mouse coccidium were 
similar to the descriptions of E. pragensis 
(Cerna and Senaud 1969), which Cerna et 
al. (1974) renamed E. falciformis var. pragen- 
sis. Though the mouse coccidia described by 
Haberkorn (1970) and Cerna and Senuad 
(1969) were serologically similar, the latter 
was considered to be a variant of the former 
on the basis of morphological differences be- 
tween merozoites and schizonts of the two 
Eimeria (Cerna et al., 1974). 

The life cycle of E. falciformis has been 
studied by several earlier investigators. Pel- 
lerdy (1974) cited various reports of oocyst 
sizes ranging from a mean of 16.1 X 14.1 3m 
to 25.6 X 21.2 ,/m and endogenous stages 
developing throughout the gastrointestinal 
tract. The confusion regarding the prepatent 
period, number of asexual generations and 
developmental sites of E. falciformis is still 
evident in recent reports. Haberkorn (1970), 
who first made a detailed study of the life 

cycle of the coccidium, reported a prepatent 
period of 4 to 7 days and four asexual genera- 
tions developing in the cecum, colon, ileum 
and occasionally in the jejunum. CernSa et al. 

(1974) found a similar number of asexual 

generations but reported that sexual stages 
were not seen before the 6th day PI, indicat- 
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TABLE I. Eimerian species described in the mouse (Mus musculus). 

Pre- 
Oocyst size Sporocyst size patent Asexual 

Eimeria spp. (iAm) (,am) Location period stages References 

21.2 X 18.3 12.2 X 7.2 Cecum, colon - lower ileum 7 days 4 Present Study 
E. falciformis 

var. pragensis 23 X 20 13.5 X 8.5 Cecum & colon 7-8 days 4 Cerna et al. (1974) 
E. falciformis 21.1 X 18 11 X 7 Small & large intestine 4-7 days 4 Haberkorn (1970) 

18.5 X 14 Small & large intestine 4-5 days ? Pellerdy (1974) 
18.4 X 15.6 11 X 7 Cecum & colon 5 days 3 Owen (1975) 

E. vermiformis 23.1 X 18.4 12.8 X 7.9 Lower 2/ of small intestine 7 days 2 Todd & Lepp (1971) 
E. ferrisi 17 X 14 9.8 X 5.9 Cecum & colon 3 days 3 Ankrom et al. (1975) 
E. papillata 22.4 X 19.2 11.2 X 8 ? 4 days ? Ernst et al. (1971) 
E. musculoidei 19 X 17 10.3 X 6.9 Upper ileum ? ? Levine & Ivens (1965) 
E. hansonorum 18.5 X 16 9 X 7 ? ? ? Levine & Ivens (1965) 
E. hindlei 24.5 X 19.5 8.6 X 8.4 ? ? ? Pellerdy (1974) 
E. krijgsmanni 20.5 X 14.5 12.3 X 8.7 ? ? ? Pell6rdy (1974) 
E. keilini 28 X 20 12.2 X 6.1 ? ? ? Pellerdy (1974) 
E. musculi 26 X 21 10 X 9 ? ? ? Pellerdy (1974) 
E. schueffneri 22 X 15.5 ? ? ? ? Pell6rdy (1974) 
E. arasinaensis 18.8 X 16.3 9.2 X 5.5 ? ? ? Pellerdy (1974) 
E. paragachaica 28.3 X 22.4 13 X 8 ? ? ? Pellerdy (1974) 
Eimeria spp. 20.7 X 17.1 8 X 6 ? ? ? Pellerdy (1974) 
E. contorta* 21.4 X 16.6 ? Small & large intestine 6-9 days 2-3 Haberkorn (1971) 

* Rat coccidia transmitted to mice. 

ing that oocysts could not have been passed 
before the 7th day. More recently, Owen 
(1975), using a single oocyst infection, found 
a prepatent period of 5 days and three asexual 
generations which developed exclusively in 
the cecum and colon. Using a single oocyst 
infection, we found four asexual generations 
in the cecum, colon and occasionally in the 
ileum. No oocysts were passed before the 
7th day PI. 

The differences observed in developmental 
sites and prepatent period of E. falciformis 
could be related to infective dose (Haberkorn, 
1970). Generally, the greater the infective 
dose of an eimerian, the larger was the portion 
of the intestine involved (Haberkorn, 1970; 
Joyner and Norton, 1972; Long, 1973). Al- 
though it is generally believed that the pre- 
patent period of the genus Eimeria is constant 
for any given species (Kheysin, 1972; Ham- 
mond, 1973), increasing the infective dose of 
E. intestinalis, shortened its prepatent period 
by up to 24 hr (Kheysin, 1972). The pre- 
patent period of E. falciformis was reported to 
vary from 4 to 7 days depending upon the 
infective dose (Haberkorn, 1970). In E. 
falciformis var. pragensis, the prepatent period 
was 7 days irrespective of varying the infec- 
tive dose from 500 to 20,000 oocysts (Mesfin 
et al., unpublished). 

Differences reported in exogenous and 

endogenous stages of "E. falciformis" (Haber- 
korn, 1970; Pellerdy, 1974; Owen, 1975) can- 
not be reconciled on differences in infective 
dose. The conflicting reports regarding the 
life cycle of E. falciformis could be due to 
either mixed infections or different eimerian 
species in each study. Owen (1975) con- 
sidered her isolate to be E. falciformis primar- 
ily on the basis of a prepatent period of 5 
days which was reported consistently in earlier 
studies (Pellerdy, 1974). Recent studies seem 
to indicate that two eimerian species, one with 
a prepatent period of 7-8 days (Cerna et al., 
1974) and another with a prepatent period of 
4-5 days (Owen, 1975) are included under 
Eimeria falciformis. Which of these two ap- 
parently different species should have the 
name E. falciformis is difficult to say. 

Some mice continually discharged a few 
oocysts up to 22 days PI. This relatively long 
period of oocyst output could be due to either 
reinfection or release of oocysts retained within 
the intestinal tissue. Care was taken to prevent 
reinfection, and the absence of other endog- 
enous stages except retained oocysts in in- 
testinal sections of mice killed at 20 to 30 
days PI support the view that reinfection was 
an unlikely source of the oocyst discharge. 

Eimeria ferrisi differs from E. falciformis 
var. pragensis in having three smaller sized 
asexual generations and a prepatent period 
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of 3 days. Furthermore, schizonts with 
multinucleate merozoites and crescent-shaped 
bodies observed in parasitophorous vacuoles 
of trophozoites and immature gamonts (An- 
krom et al., 1975) were not seen in our studies. 

Though E. vermiformis has a 7-day pre- 
patent period, it differs from E. falciformis var. 
pragensis in having two asexual generations. 
The endogenous stages of E. vermiformis de- 

veloped primarily in the lower two-thirds of 
the small intestine and rarely occurred in the 
cecum and colon (Todd and Lepp, 1971). 

Oocyst features, prepatent period, and two 
types of large and small merozoites seen in 
our studies were similar to the descriptions of 
E. contorta (Haberkorn, 1971). However, E. 
contorta was reported to have two or possibly 
three asexual generations that developed 
throughout the intestinal tract. Also, the 
mouse coccidia that we studied failed to com- 

plete its life cycle in rats, ruling out the pos- 
sibility that it was E. contorta. 

Coccidia of eimerian species in rodents 

generally are considered to be host specific 
(Levine and Ivens, 1965; Todd et al., 1971). 
Eimeria contorta (Haberkorn, 1971) and E. 

separata (Mayberry and Marquardt, 1973) 
of rats were the only two species which com- 

pleted their life cycles in mice. Attempts 
made to transmit mice coccidia to rats have 
not been successful. Eimeria falciformis from 
mice completed two of its four possible asexual 

generations in rats (Haberkorn, 1970). We 
observed only a few mature 1st generation 
schizonts of E. falciformis var. pragensis in 
the cecum and colon of experimentally in- 
fected rats. 

In summary, the mouse coccidium described 
in this report, with a prepatent period of 7 

days, four asexual generations, and develop- 
mental stages primarily in the cecum and 
colon conforms most closely to the description 
of E. falciformis var. pragensis (Cerna et al., 
1974). 
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sitism in human history, different aspects of 
parasitism, the origin (phylogeny) of parasites, 
host-parasite relationships (physiology), and the 
ecology of parasites. 

The special section includes: Parasites resulting 
from defective hygiene (intestinal parasites from 
cholera to Fasciolopsis, parasites in other organs 
and tissues (Echinococcus and Dracunculus), in- 
fections from eating raw flesh (from Toxoplasma 
to lung fluke). Infection by active penetration 
from water (schistosomes), infection from damp 
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sects as vectors (Diptera as vectors of filariasis, 
malaria, viruses, etc.), sandflies and leishmaniases, 
tsetse flies and African sleeping sickness, triatomid 
bugs and Chagas's disease. And finally there is a 
brief treatment of arthropods as parasites in their 
own right and their significance as vectors (trom- 
biculids, ticks, bedbugs, fleas, lice, myiasis, etc.). 

As one can see from the preceding, the book is 
well organized and comprehensive. The grammar 
is relatively uncomplicated (for German), and the 
vocabulary is not too difficult. The many draw- 
ings and diagrams show an admirable economy 
and sureness of line, and while simplified, lack 
the crudeness and ludicrous amateurishness that 
spoils the appearance of many otherwise fine 
American texts. 

There are no chapter bibliographies, but there 
is a general Literature section (5 p.) at the end 
of the book. This refers mainly to other standard 
texts and reviews, and only occasionally to the 
primary literature. There is also a register of 
subjects or index (7 p.). Altogether this is a 
good way to brush up on one's German. Unfor- 
tunately, the usual monolingual American student 
will find the book inaccessible. 

Justus F. Mueller 
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