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INTRODUCTION. 

General. 
The incentive for this study has been the 

almost entire lack of definite knowledge concerning the 
Coccidia of the mink, their pathogenicity and life histories. 
The study on the morphology and development of Eimeria vison 
has been made with the hope that it will be a contribution 
of practical value upon whioh to base the intelligent diagnosis 
and control of at least one form of enteric coccidiosis. 

Eimeria vison is the cause of sporadic or more 
frequently enzootic outbreaks of coccidiosis in mink during 
the summer and fall. Young mink under one year of age are 
most susceptible to infection. Overcrowding and prolonged 
housing, especially in small pens, may result in continuous 
and often fatal infection. 

The disease develops following the ingestion 
of sporulated oöcysts. Multiplication of this protozoan 
within the intestine results in an extensive destruction of 
epithelial cells. During the early stages of infection the 
animals are hypersensitive to noise and unusual movements in 
their environment. As the disease progresses haemorrhagic 
diarrhea, anaemia, progressive emaciation and paralysis of 
the hind limbs are the most constant symptoms. The disease 
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runs a course of from four to eight weeks. Complete 
recovery is rare among animals which are acutely infected. 
Those which do survive are of little value to the fur farmer 
either for breeding stock or for their pelts. 

Historical. 
A review of the literature indicates that 

coccidiosis of mink has been recognized as a potential cause 
of unthriftiness and high mortality only since 1930. 

Cocoidia in closely related mustelid animals 
have been, however, previously observed. Labbė (1898) 
recorded a species which he described as a variety of 

Coccidium perforans from the weasel. Hoare (1927) described 
three new species from ferrets, namely, Isospora laidlawi. 
Eimeria ictidea and Eimeria furonis. 

Ullrich (quoted by Freund, 1930) in 
Czechoslovakia, and Heidigger (1931) and Sprehn (1933), in 
Germany, reported various eases of coccidiosis in mink; 
Heidigger ascribed fatal oases to an organism corresponding 
in size to Isospora rivolta. though he did not decide upon 
the species. Grini (1931, 1933) commented on the prevalence 
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of the disease in Europe, stating that infection with an 
unnamed species of Eimeria produced what may regarded 
as the most serious of mink diseases. 

In North America Van Es (1931) mentioned 
the occurrence of the disease in Nebraska. Riley and 
Christenson (1931) referred to a species of Isospora causing 
a highly fatal disease in young mink. Hanson (1932) 
reported that ranch-raised and wild mink are infested with 
Isospora bigemina which had proved very troublesome in 
minkeries and has been the cause of heavy losses amongst 
mink kittens. Grunert (1933) encountered several outbreaks 
of coccidiosis in mink in Alberta, in which the animals 
were infected with undescribed species of both Eimeria and 
Isospora. Wellbank (1933), Ontario, reported an enzootic 
disease in a minkery which caused the death of many young 
animals and left the survivors stunted and of little pelt 
or breeding stock value; Kingscote (June, 1934) reported on 
this outbreak of the disease and proposed the name Eimeria 
mustelae for the causative organism, and in an effort to 
collect the scattered information included a short monograph 
on coccidiosis in mink. 

Iwanoff-Gobzem (March, 1934) studied Coccidia 
in three specimens of Mustela nivalis for which he, too, 
suggested the name Eimeria mustelae. Kingscote (1934 A) 
proposed the new name Eimeria vison as a substitute for the 
above homonym, and it is upon the morphology and development 
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of this species with which the present study deals. 

METHODS AND TECHNIQUE. 

Source of Material. 

Faeces containing oöcysts was originally obtain-
ed from ranches at Belleville, Ontario, Fort Saskatchewan, 
Alberta and Saratoga Springs, New York. As more oöcysts were 
required for study further supplies were collected from 
experimentally infected animals. 

The morphology of the extracorporeal forms 
and their development has been studied in oöcysts collected 
from animal experimental infections. 

The subsequent intracorporeal stages and their 
development have been studied in histological sections and 
tissue smears prepared from the organs of animals following 
heavy infections, both experimental and natural. Tissues 
from animals infected under natural conditions have only been 
used when thorough post-mortem examination, and numerous faecal 
tests indicated that no other species of Coccidia existed 
upon the premises where such material was obtained. Animals 
naturally infected were utilized for supplemental studies, 
in ascertaining the distribution of the parasites within the 



body of the host, and as subject material for some of the 
photomicrographs. 

Concentration of Oöcysts. 
* 

Oöcysts for morphological studies, observations 
on sporogony and for animal experimental infections were 
obtained from the faeces, and occasionally the ingesta of 
infected or dead animals, by the following method which is the 
writer's modification of the Sheather (1923) and lane (1928) 
techniques: — 

The top of a 20. 0 cc. test tube with a diameter 
of 1. 0 cm. is ground level with No. 40 emery powder. About 
5. 0 grammes of faeces are placed in this tube whioh is then 
filled to within about 2. 0 cm. of the top (the space being 
left to allow for displacement with the stirring rod). A 
glass or metal rod is used to break up thoroughly the faecal 
mass and liberate the oöcysts. The contents of the tube are 
strained through a piece of cheese cloth and then replaced; 
the tube is counter-balanced and centrifuged for two minutes 
at 2, 500 revolutions per minute. This process separates the 
constituents of the tube into two groups, those of heavier 
and lighter specific gravity than water; the oöcysts being 
forced to the bottom of the tube by oentrifugal force. The 
tube is removed and all but the packed sediment in the bottom 



decanted. Sugar solution having a specific gravity of 
1,160 is used to replace the decanted water. The sediment 
is thoroughly stirred up with the rod and the tube carefully 
filled to the brim. A cover slip 22.0 mm. square is placed 
on top. The tube is again centrifuged for four minutes at 
2,500 revolutions per minute, without danger of the cover 
slip being displaced owing to the ground glass surface upon 
which it rests and to the action of the centrifugal foroe. 
The oöcysts, if present, adhere to the cover slip, whioh may 
be placed on a slide or examined as a hanging drop preparation. 
When the oöcysts are required for cultures the cover slip 
is lifted with a pair of forceps and rinsed in a suitable 
liquid culture medium. With an eight-tube centrifuge a 
considerable number of oöcysts may be collected in this 
manner. 

The above modification of the Sheather and 
Lane techniques has the advantages of both methods and can 
be performed without the special Lane centrifuge buckets and 
cover slip holders. 

The usual thymol preservative was omitted from 
the sugar solution. Checks were made to ascertain if the 
sugar had any effects upon the period of sporulation; control 
cultures and those prepared as above both behaved in a 
similar manner. 



The Willis (1921) floation technique, although 
more simple, was not used as the action of saturated salt 
solutions has been found detrimental to oöcysts, (Kingscote, 
1932). 

Cultivation of Oöcysts. 
As the oöcysts appear in the faeces in the 

unsporulated condition it is necessary to cultivate them 
for the purpose of obtaining the infective stage and to 
study sporulation. Oöcysts collected in the manner just 
described were transferred to Petri dishes containing a 
shallow layer of 2. 5 peroent potassium dichromate solution. 
The lids were removed daily and the contents of the dishes 
gently swirled to ensure aeration. 
References: Wenyon (1926), Becker (1934). 
Experimental Animals. 

In all animal experimental infections control 
animals were used to eliminate, as far as possible, any 
doubt as to the source of infection, or as to the species 
of Coccidium envolved. All animals referred to were under 
one year of age, and as far as could be ascertained had 
never shown any clinical symptoms of coccidiosis or of any 
other disease. In order to verify this, as far as possible, 
the faeces of each individual animal was examined on fourteen 
successive days whioh is well over the prepatent period of 
development for known species of Coccidia. Not until the end 
of this time were any infections attempted. (See note regard-
ing oats under Animal Experimental Infections). 



Both principal and control animals were 
quartered in experimental cages with removable metal 
bottom trays which could be readily disinfected. Throughout 
the entire period of observation all animals received 
their bedding from a common source; likewise the drinking 
water and food, respectively, of the carnivorous and herbivorous 
animals, were always obtained from the same source of supply. 
Reference: Wenyon (1926). 

Faecal Examinations. 
The stools of all experimental animals were 

collected daily in clean individual tubes which were labelled 
carefully. The material was, as often as possible, examined 
on the same day as collected, and at no time later than forty-
eight hours afterwards. The same technique was used as that 
described for the concentration of oöcysts (quod vide). The 
specific gravity of the sugar solution was checked for each 
lot of tests. 
Preparation of Sections. 

Studies on the developmental stages in 
schizogony and gametogony were made mostly from sections, 
as no other method will give such an accurate picture of 
the true relation of the parasites to the cells of the host, 
nor will they be found in any situation unless they occur there 
normally (Wenyon, 1926). 

As soon as possible after the death of the 
host small pieces of tissue, not more than 6. 0 mm. in thickness 
were placed in 10 per cent formalin, the volume of the fixative 
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being over twenty times that of the tissue. The samples 
thus obtained were either left in the fixative for twenty-
four hours or in the 56 degree Centigrade incubator for one 
hour, in the latter case they were, as a matter of fact, 
never removed from the fixative on the same day, the heat 
being used to hasten rapid fixation. 

Dehydration of the tissues was achieved by 
transferring them to 70 per cent ethyl alcohol and each hour 
to ethyl alcohol five per cent stronger until absolute was 
reached, two changes of this latter being used. The tissue 
was then passed through two changes of chloroform, half an 
hour in each, and then into melted paraffin heated to 56 
degrees Centigrade for from one to one and a half hours. It 
was then embedded in the wax, using paper molds and chilled 
in ice water. 

Serial sections were subsequently out in 
various thicknesses from 3. 0 to 10. 0 u with a rotary microtome 
These were floated on warm water, the creases removed and the 

sections fixed on slides with Mayer's Egg Albumen. The slides 
were warmed in the 56 degree Centigrade incubator until the 
wax ran freely; they were then placed in xylol to remove the 
remaining wax, and passed from absolute through descending 

strengths of ethyl alcohol to water preparatory for staining. 
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Sections were stained variously with 
Delafield's, Mink's and Weigert's iron haematoxylins for 

nuclear and other haematoxylinophilic bodies. They were 
then decolourized in acid ethyl alcohol (1 per oent HC1 in 
70 percent alcohol) and counterstained in water soluble 
eosin. After removal from each stain, and especially after 
being taken from the acid alcohol, the sections were thoroughly washed in alkaline water. 

The sections were again dehydrated using the 
same strengths of ethyl alcohol as those described for 
dehydration preparatory to embedding. From absolute ethyl 
alcohol they were passed through two changes of xylol and 
mounted in Canada balsam. 

The time during which sections were left in 
the various stains and acid alcohol was governed entirely 
upon appearance. They were passed through the weaker alcohols 
rapidly and left in the stronger alcohols and xylol for at 
least several minutes, in the latter always until clear. 
References: Stitt (1926), Wenyon (1926), Guyer (1930). 
Preparation of Films. 

Wet and dry films were prepared from fresh 
organs or those preserved in formalin and the endogenous 
forms compared with those in paraffin sections. The method 
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is, however, only of comparatively slight value, as in spite 
of the greatest care exercised in preparing films, a percentage of the cells and parasites are damaged, leaving fragment-
ation bodies of which the true nature is often doubtful. As 
regards the structure of the cytoplasm and the nucleus it is 
most misleading, but nevertheless, it frequently gives an 
indication of the general shape of the organism and the 
position of the nucleus. ( Wenyon , 1926). 
Dried Films. 

Scrapings were taken from the intestines with 
a scalpel, mixed with a small quantity of normal saline and 
a drop of the fluid containing the cells in suspension placed 
at one end of a slide. A second slide, held at an angle of 
about 45 degrees was then used to spread the material over 
the surface of the first slide in the same manner in which 
blood films are prepared. These were dried quickly in the 
air and fixed in absolute methyl alcohol. They were variously 
stained with Giemsa's Romanowsky stain, Hastings and Wright's 
blood stains, Delafield' s, Mink's and Weigert's haematoxylins, 
or methylene blue. Some were examined without counter stains 
and others with water soluble eosin. 

The variety of stains was used to ascertain 
those which would best show the details of specific structures. 
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The dried stained films were examined in cedar 

oi l under the o i l immersion lens. 
Wet Films. 

Wet film preparations were more satisfactory than 
dry. A drop of fluid containing the cells in suspension 
was placed on a slide, diluted stain added, usually iodine 
or methylene blue, the fluid was carefully stirred with the 
point of a needle and a 22. 0 square mm. cover slip placed over 
it. 

In place of the usual moist films fixed with osmic 
acid vapor (Guyer, 1930), the writer uses his own method by 
whioh permanent preparations of Paramecium caudatum were 
originally made without the slightest indication of shrinkage. 
The technique consists of placing a very thin film of Mayer's 
egg albumen over a slide. A drop of fluid containing the cells 
in suspension is placed on this. The liquid is allowed to 
evaporate in a dry atmosphere until it is almost but not 
entirely gone, or until it will not flow when the slide is 
held vertically. From one to five slides may be prepared at 
a time. They are placed in a metal rack and transferred to a 
cylindrical vessel of whioh the bottom is covered with 10 per 
cent formalin to a depth of about one centimetre. The top 
of the vessel is covered with a watch glass and heat applied 
from below until steam commences to rise at which time the 
source of heat is removed. The slides are then taken out of 
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the vessel and without being allowed to dry are stained, 
dehydrated, cleared and mounted in the same manner as 
paraffin sections quod vide). 
Note. 

One of the most satisfactory stained film preparations was obtained by accident while working in the field. 
Owing to the scarcity of water on the premises the writer 
mixed up some 10 per cent formalin, using as a diluent the 
wash water saved after staining blood films with Hasting's 
stain. Pieces of tissue invaded with Coccidia were placed in 
the fixative thus prepared. It was observed at the time that 
the fixing solution was quite blue. On the following day the 
fixative was clear but the pieces of tissue a robin egg blue. 
Scrapings and films subsequently prepared from this material 
were beautifully stained. Attempts to repeat this procedure 
in the laboratory indicated that only fresh tissue would take 
the stain. 
Micrometry. 

The measurements referred to throughout this study 
have been made by one or the other of the following methods: — 

(a) With an ocular micrometer, the value of the 
fifty 0. 1 mm. divisions being determined for a known tube 
length and each combination of lenses, with a standard stage 
micrometer ruled in 0.1 mm. and 0.01 mm. divisions. 
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The ocular micrometer and a 1. 9 mm. oil 
immersion objective has been used whenever accurate 
measurements were essential, such as those of the oöcysts 

and stages in sporogony upon whioh the indentification of 
the species is based. 

Any possibility of error in the adjustment 
of the microscope has been carefully avoided by always 
checking up with the stage micrometer or with a haemacytometer 
certified by the U. S. Bureau of Standards before and after 
recording any number of measurements. 

(b) With an Abbė camera lucida and stage 
micrometer. A series of permanent scales were prepared 
for each of whioh is recorded the tube length used, number 
of ocular and objective, length of the camera mirror bar 
and angle of the mirror. The scales were made by projecting 
the rulings of the stage micrometer upon paper at table level. 
The actual measurements were made from camera lucida drawings 
also excuted at table level; a pair of dividers being used 
to ascertain the value on the permanent scales. 

The scales shown on the camera lucida drawings 
were made by replacing the object under examination with the 
stage micrometer and marking off 20. 0 microns. They are only 
intended to give an approximate idea of the variations in size 
of the parasites and the host cells. 
References: Guyer (1930), Stitt (1926). 
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MORPHOLOGY AMD DEVELOPMENT OF THE EXTRACORPOREAL STAGES. 

Studies under the above heading were made 
upon oöcysts collected from the freshly passed faeces of 
an experimentally infected mink. These were washed and 
concentrated by the writer's modification of the Sheather 
and Lane technique and subsequently cultured in 2. 5 per cent 
potassium dichromate solution at room temperature. 

The full details regarding the source, collect-
ion, concentration and cultivation of the oöcysts are des-
cribed under Methods and Technique (quod vide). 

The measurements quoted for mean are based 
upon the examination of one hundred individuals except for 
those of the sporozoites in which case the average is taken 
for fifty. 

The observations upon sporogony are records of 
the daily examination of one hundred oöcysts using a xlO 
ocular and 1. 9 mm. oil immersion objective. 
Oöcysts. 

The majority of the oöcysts are oval and 
uniformly rounded at each pole (Figs. 1, 3 and 4). Some on 
the other hand are inclined to be egg-shaped ovals (Fig. 2). 
Circular forms were invariably found to be oöcysts viewed on 
end; tapping on the cover slip of the preparation would result 
in such individuals changing; their position and revealing 
their oval form. 
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The measurements of the oöcysts are summarized as follows: 

Length. Breadth. 
Maximum 22.1 u 18.0 u 
Minimum 17.0 u 9.0 u 
Mean (Majority) 20.3 u 14.6 u 

The Form Index (ratio of length to breadth) 
is 1: 0. 719. 

The walls of the oöcysts consist of two layers, 
a thin colourless exomembrane and a thick yellowish brown 
granular and endomembrane. They are uniform throughout their 
contour with a total and quite constant average thickness of 
0.75 u. No oöcystic micropyle is discernible. 

The oöcyst jelly is clear and in the freshly passed 
individuals and in those being cultivated in 2. 5 per cent 
potassium dichromate solution no polar inclusions are visible. 
Oöcysts preserved in 10 per cent formalin for several weeks, 
on the other hand, occasionally reveal one or more pilar 
inclusions, whioh under such circumstances are doubtless 
artefacts. 
Zygotes. 

The zygotes float in the oöcyst jelly. They are 
variable in position and may either be terminal (Fig. 2, 1) 
or central (Fig. 2, 2). In 1,200 examined their distribution 
in these positions was found to be approximately equal, being 
46 percent central and 54 per cent terminal, hence the 
position of the zygote is of no significance in identification. 
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In form the zygotes are spherical or slightly 
oval with an average and fairly constant measurement of 12. 0 u 
x 9. 0 u. 

The cytoplasm is composed of numerous gray 
coloured coarse and fine granules. The surface is irregular 
and not bounded by any distinct membrane. Occasionally a 
single vacuole is distinctly visible within the cytoplasm 
(Pig. 2, 2). 

The zygote nucleus cannot be distinguished in 
unstained specimens; its central position, however, is shown 
in Pigs. 12, 14-19 and 24. 
Sporogony. 

Sporogony commences with the enlargement 
and division of the zygotes into sporoblasts, includes the 
formation of the sporocysts and terminates in the development 
of sporozoites Wenyon, 1926). The individual stages of 

development during sporogony are described under their 
respective headings following. 

The first change in the zygotes, indicating the 
commencement of sporogony, were observed in different individ-
uals between the second and fifth days after leaving the host, 
when they became markedly increased in volume. (Pig. 3, vide 
the uppermost oöcyst. 
Sporoblasts. 

Division of the zygote into four sporoblasts 
took place in individual oöcysts over a period of four days. 
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It was not, however, until the seventh day after leaving 
the host that the majority of the zygotes had actually 
commenced to divide into sporoblasts (Fig. 2, 3, 4 and 5). 
A summary indicating the rate of division into sporoblasts 
is as follows 

Day. Unsegmented Zygotes. Segmented Zygotes. 

1st - 4th. 100 % 
5th. 83 % 17 % 
6th. 56 % 44 % 
7th. 20 % 80 % 
8th. #5 % 90 % 

#Note. The remaining 5 peroent of the zygotes were apparantly 
infertile and showed indications of degeneration by a breaking 
up and scattering of the zygote protoplasm within the oöcyst 
jelly. 

The sporoblasts immediately after their 
separation from each other are spherical but rapidly become 
oval and on the eighth, ninth and tenth days in various 
individual oöcysts assume the final pear-shaped form 
illustrated in Fig. 2, 7. Each sporoblast has a single 
centrally situated nucleus, whioh, however is only discernible 
in stained preparation (vide Methods and Technique). 
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Sporocysts. 
Shortly after the sporoblasts separate and 

commence to assume their oval form (vide supra) the Sporocysts 
become discernible. They are secreted about the sporoblasts 

and are delicate, colourless single membranes which readily 
conform with the changing shapes of the protoplasmic bodies 
they surround. No micropyle could be distinguished at any 
point in their contour. 

When the sporoblasts, surrounded by the 
Sporocysts have assumed the pear-shaped form (Fig. 2, 7 and 8), 

whioh shows no indication to change further, their average 
and fairly constant measurements are 10. 0 u x 5. 5 u. They 
float about in the oöcysts jelly and consequently their 
position is very variable; and as they assume various angles 
it is difficult to obtain accurate measurements. When viewed 
on end they appear circular. Gently rupturing the oöcysts 
by tapping on the cover slip over the preparation facilitates 
the studies of these forms; care, however, must be taken not to 
distort them by undue pressure, as they are very delicate in 
structure. 
Sporozoites, 

On the tenth day after the oöcysts leave the 
body of the host the first changes were observed within the 
Sporocysts. The cytoplasm appeared to become more dense 
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along the margins of the bodies in some sporocysts while in 
others the minute sporozoites became visible. Each Sporocysts 
gave rise to two sporozoites, a total of eight in each 
individual oöcyst. 

The sporozoites are 9.1 u x 2.5 u at the 
widest part of their bodies (50 measured). There is very 
little variation in the size and shape of individuals. 
They are slightly curved and club-shaped being broader at 
one extremity than the other, each lies in the opposite 
direction to its fellow. At the broad end a spherical 
or oval vacuole may sometimes be observed. The nucleus 
is not discernible in unstained preparations but iodine 
and other suitable stains (vide Methods and Technique) 
reveal its central position. (Figs. l and 2, 6) 
Note. 

In studying the sporozoites, it should be 
mentioned at this point, that it is impossible to ascertain 
their size and shape in their natural environment. In the 
first place the sporocysts in whioh they are contained assume 
various angles within the oöcysts; secondly, they are often 
partly covered by the intra-residual body (Fig. 1); and 
thirdly, one nearly always is partly obscured by its fellow. 
They may, however, be readily examined, measured and stained 
by first rupturing the oöcysts and then the sporocysts by 
gently tapping on the cover slip over the preparation. The 
sporozoites are exceedingly delicate and any undue pressure 
will result in their complete destruction. 
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At the completion of sporulation a large, 
distinctly defined, coarsely granular intraresidual body 
appears which is constantly present. (Figs. 1; 2, 6.; and 4). 
Sporogony and the extracorporeal development is completed 
at this stage as manifested by the absence of any further 
changes within the sporulated oöcysts. This conclusion is 
further supported by the fact that it is also the infective 
stage (vide Animal Experimental Infections). 

ANIMAL EXPERIMENTAL INFECTIONS. 

Experiments were made under the above heading 
in order to obtain definite information regarding host 
specificity, rate of development, duration of the infection 
and successive stages in the life cycle (Wenyon, 1926). 

Pull details regarding the experimental 
animals, source of oöcysts and methods of examining the 
faeces are described under Methods and Technique. 

The selection of animals was made to eliminate, 
if possible, any question of relationship between Eimeria 
vison of the mink and Eimeria ictidea, Eimeria felina, Eimeria 
perforans and Eimeria caviae respectively of the ferret, cat 
rabbit and guinea pig, all of which are of a somewhat similar 
size (Wenyon, 1926; Becker, 1934; Kingscote, 1934). 
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The experimental animals in question were 
divided into two groups as follows: — 

Principals. Controls 

No. 1 Mink 
No• 1 Ferret 

#No. 2 Ferret 
No. 2 Ferret 

"No. 1 Cat "No. 2 Cat 
No. 1 Rabbit No. 2 Rabbit 
No. 1 Guinea pig No. 2 Guinea pig 

#Note. A second mink free from Eimeria infestation was 
not available. 

"Note. Both cats were infested with Isospora felis the 
oöcysts of which are 45. 0 u x 33. 0 u. As these were not con 
fusable with those of Eimeria vison, whioh are 20. 3 u x 14. 6 u, 
the animals were detained, but placed in a separate building to 
avoid any possible contamination of the other animals. These 
two animals were only used as a check on host specificity. It 
is unlikely that Isospora would produce immunity against Eimeria, 
(Wenyon, 1926; Becker, 1934; Taliferro, 1929), but the failure 
to infect the animals with Eimeria vison might be questionable 
on this account. At the time Experiments B and C were conducted 
the oats were passing no oöcysts of any species. The records 
in Table 1 (vide infra) as far as the cats are concerned are 
for the oöcysts of Eimeria vison only. 

A 
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Experiment A. 

The morning food of each of the five 
principal animals was contaminated with an approximately 
equal number of sporulated oöcysts of Eimeria vison. 
(Vide Methods and Technique; Wenyon, 1926; Becker, 1934). 

The faeces of each individual animal was 
collected daily for twenty-three days and examined for 

oöcysts (Vide Methods and Technique). 
The results of the experiment are shown in 

Table No. 1. 

Experiment B. 

This experiment was conducted as a check 
on the results obtained in Experiment A. The same animals 
were used as principals and controls and the same procedure 
followed. The experiment was commenced at the conclusion 
of the former. 

On the third day after infection bodies which 
later proved to be merozoites (Figs. 10 and 11) were observed 
in the stool of No. 1 mink. On future occasions a careful 
watch was kept for these and other precystic forms of the 
parasite. 

The results of the experiment are shown in 
Table No. 2. 
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Experiment C. 
This experiment was conducted as a further 

check on Experiments A. and B. The same animals were used 
again as principals and controls, and the same procedure 
followed. The experiment was commenced at the conclusion of 
Experiment B. The results are recorded in Table No. 3. 

At the conclusion of the experiment all 
animals except the mink and ferrets were discharged. 
Experiment D. 

Subsequent to the preceding animal experiments 
large numbers of sporulated oöcysts were fed to the principal 
mink and ferret in an attempt to obtain successive stages in 
the life cycle and to produce a fatal infection. Oöcysts were 
fed daily and no further attempt was made to keep the cages 
sanitary. 

The mink, as in Experiments A, B. and C became 
infected, the first indication, however, being the appearance 
of oöcysts in the stools on the sixth day. Considering the 
number of oöcysts being fed the number later passing in the 
faeces appeared small when compared with the previous experiments whioh suggests the possible acquisition of partial 

resistance to the organisms (Becker, 1934; Taliaferro, 1929). 
The animal finally died and in spite of the above observations 
was found to be heavily parasitized. Numerous serial sections 
were prepared from the alimentary canal of this animal. 
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No. 1 Ferret, although fed approximately the 
same number of sporulated oöcysts from the same cultures as 
those fed to No. 1 Mink failed to manifest any indications of 
infection which is suggestive that the three non-fatal 

infections in Experiments A, B and C had produoed immunity. 
Unfortunately no opportunity arose to confirm this by the 
examination of the tissues as the animal, on the fifteenth 
day after the commencement of the experiment, escaped from 
it cage and was not recaptured. 

The control animal, No. 2 Ferret remained normal 
throughout the experiment. Samples of faeces collected daily 
were negative. On the date Ho. 1 Mink died the animal was 
discharged. 
Results and conclusions based on Experiments A. B. C and D. 

1. The mink (Mustela vison) was experimentally infected with 

the sporulated oöcysts of Eimeria vison. 
2. The ferret (Mustela putoris) was experimentally infected 

with Eimeria vison a natural parasite of the mink. 
3. The rabbit, guinea pig and oat (?) were not infected with 

Eimeria vison. 
4. The merozoites of Eimeria vison were observed in the stools 
of the mink and ferret, at different times, on the third fourth 

and fifth days following the ingestion of sporulated oöcysts. 
The failure to observe any reappearance of merozoites or 

oöcysts in the stools between the 10th and 27th days following 
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infections indicates that the schizogony or asexual 
cycle of Eimeria vison is definitely limited. 

5. Macrogametocytes were observed in the stools, on one 
occasion on the fifth day after ingestion of the sporul-

ated oöcysts. 

6. Oöcysts commenced to pass from the body of susceptible 
host animals from the sixth or seventh day following 
infection and continued to pass for four days. 

7. The endogenous development of Eimeria vison was completed 
in from six to nine days. 

Note. 
Tables showing the results of Experiments 

A, B and C follow. 

As these experiments were run each for twenty-
three days and run consecutively and as the faeces for the 
first four days in each experiment was negative the time 
has been totalled, hence the reference to 27 days in para-
graph No. 4 (vide supra) 
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ANIMAL EXPERIMENTAL INFECTIONS. 

DAY. NO. 1 MINX. NO. 1 FERRET. NO. 1 CAT, RABBIT AND 
GUINEA PIG. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

•23 

Negative " 

Oöcysts 

Negative 

Negative 

Oöcysts 

Negative 

Negative 

" 

Control Animal Remained Negative for Eimeria vison throughout 
Duration of the Experiment. 

TABLE NO. 1 

EXPERIMENT A: RESULTS OF FAECAL EXAMINATIONS FROM THE FIRST 
TO THE TWENTY-THIRD DAY AFTER FEEDING SPORULATED OOCYSTS. 
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ANIMAL EXPERIMENTAL INFECTIONS 

DAY. NO. 1 MINK. NO. 1 FERRET. NO. 1 CAT, RABBIT AND 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ GUINEA PIG. 

1 Negative Negative Negative 
2 " " 
3 Merozoites " " 
4 " Merozoites " 
5 Negative Negative " 
6 Oöcysts Oöcysts " 

7 "" " " 
8 " " " 

9 " Negative " 
-23 Negative " " 

Control Animals Remained Negative for Eimeria vison throughout 
Duration of the Experiment. 

TABLE NO. 2 

EXPERIMENT B» RESULTS OF FAECAL EXAMINATIONS FROM THE FIRST 
TO THE TWENTY-THIRD DAY AFTER FEEDING SPORULATED OOCYSTS. 
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- ANIMAL EXPERIMENTAL INFECTIONS. 

DAY. NO. 1 MINK. NO. 1 FERRET. NO. 1 CAT, RABBIT AND GUINEA PIG. 

1 Negative Negative Negative 
2 " " " 

3 Merozoites " " 
4 Negative Merozoites " 
5 Macrogametes Negative " 
6 Oöcysts " " 
7 " Oöcysts " 
8 " Negative " 
9 " Oöcysts " 

10-23 Negative Negative " 

Control Animals Remained Negative for Eimeria vison through-
out Duration of the Experiment. 

TABLE NO. 3 

EXPERIMENT C: RESULTS OF FAECAL EXAMINATIONS FROM THE FIRST 
TO THE TWENTY-THIRD DAY AFTER FEEDING SPORULATED OOCYSTS. 
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MORPHOLOGY AND DEVELOPMENT OP THE INTRACORPOREAL STAGES. 
Distribution. Infection. Excystation. Schizogony. Gametogony. 

Syngamy and Encystment. 
Studies were made under the above headings from 

material collected at autopsies upon infected mink. 
The full details regarding the source of the 

animals, methods of preparing sections, wet and dried films 
for microscopic examination are described under Methods and 
Technique (quod vide). 
Distribution of the Parasites within the Host. 

In order to ascertain the organs within the body 
invaded by Eimeria vison scrapings and sections were prepared 
from those indicated in the following paragraphs. 

Sections of the digestive tract from the first part 
of the duodenum to the rectum were found to be the only habitat 
of the Coccidium. In the various stages of its endogenous 
development it confines its invasion to the epithelial cells 
entirely, never penetrating to the sub-epithelial tissues. It 
invades all epithelium from the surface of the mucous membrane 
to the distal extremities of the intestinal crypts (Pigs. 11, 
13 to 23). Occasionally Goblet cells were observed to include 
young schizonts. 

Other scrapings and sections prepared from the gall 
bladder, liver, pancreas, spleen, kidneys, lungs, heart and 
musculature revealed no Cocoidia in any stage of development. 
A total of 29 autopsies were made upon mink dying from infection 
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To obtain data on the distribution of the 
parasites within the intestines, the alimentary canals of two 
mink were opened their entire lengths and thoroughly washed 
in normal saline to remove mucous and any free oöcysts which 
might have accumulated in the posterior portions of the 
bowels. The entire tracts were then stretched out their full 
lengths on sheets of paper and notations made on the latter 
at intervals of every ten centimetres from the first 
part of the duodenum to the rectum. Scrapings were taken at 
the marked points and afterwards sections of the organs 
removed from adjoining areas and placed in 10 percent formalin. 
Only oöcysts still embedded in the mucous membranes (Pigs. 21 
and 22) were recorded. The distribution of the parasites thus 
ascertained is recorded in Table Ho. 4 (Page 31). 
Note: The mink has no caecum. 

Infection. 

That infection of suitable host animals follows 
the ingestion of the sporulated oöcysts has already been 
demonstrated under the heading of Animal Experimental Infections 
(quod vide). 

Excystation. 

Experiments, in vitro, to demonstrate the 
liberation of the sporozoites from the oöcysts and sporocysts 
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MINK NO. 17 MINK NO. 24. 
OOCYSTS LOCATION. 

Oesophagus 0 0 
Stomach 0 0 

1 cm. XXX X 

10 " XXX X 

20 " 
X X X X 

30 " 
XXX X 

40 It XX X 

50 " 
X X X 0 

60 It X X X X 

70 " 
XXX 0 

80 It XXX 0 

90 " 
X X X X 

100 It XX X 

110 " 
X X X X 

120 " 
XXX X 

130 " 
X X X XX 

140 " 
XXX X 

150 " 
XXX X 

160 " xxxx X X X 

170 " xxxx xxxx 

180 " xxxx xxxx 

190 " 
X X X XX 

Rectum xxxx xxxx 

TABLE NO. 4. 

DISTRIBUTION OF EIMERIA VISON WITHIN THE ALIMENTARY CANAL. 
(The number of x' s indicates the comparative number of oöcysts) 
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Excystation (continued). 
in pancreatic and intestinal juices, even when kept at body 
temperature and previously sensitized in gastric juice or 
0.5 per cent hydrochloric acid were all unsuccessful, although 

Excystation of the oöcysts of other species of Cocoidia has 
been accomplished in this manner (Wenyon, 1926;Becker, 1934). 
Some other factor, possibly physical friction, is also necessary 
to produce Excystation in the case of the Eimeria under 
discussion. 

Schizogony. 

Schizogony or the asexual cycle commences with 
the invasion of an epithelial cell by a sporozoite and 
terminates with the appearance of the merozoites (Wenyon, 1926). 
In the case of Eimeria vison schizogony is completed within 
from seventy-two to ninety-six hours as indicated by the passage 
of merozoites in the stools three and four days after infection, 
(vide Tables Nos. 2 and 3). The failure of merozoites to 
reappear in the stools from the fourth to the twenty-seventh 
day following infection is suggestive that this part of the 
life cycle is not repeated indefinitely. The number of times 
schizogony is repeated has been a controversial point among 
protozoologists (Wenyon, 1926; Becker, 1934). The writer is 
of the opinion that, as far as Eimeria vison is concerned, 
schizogony is limited to one, or at most two cycles. 
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The individual stages of development during 
schizogony are described under their respective headings 
following. 

A study of the normal intestinal epithelium 
of the mink (Pigs. 5 and 6) has preceeded the following 
studies in order to eliminate any doubt as to the parasitic 
nature of the various intracellular inclusions. 

Schizonts. 
The earliest stages of cell invasion following 

infection are illustrated in Pigs. 7, 8 and 9. The sporozoites 
shown in Pig. 9, 1 are similar in form to those studied during 
Sporogony (quod vide). They were only found after many 
sections had been examined; this fact, per se, and further 
supported by the abundant number of young schizonts, into 
which the sporozites develop, is suggestive that the latter 
invade the cells soon after their excystation. 

At this stage they are invariably observed 
in the cytoplasm between the free extremity and the nucleus 
of the host cells. Contraction of the sporozoites then takes 
place, they become spherical and thus assume the form of 
young schizonts (trophozoites) (Pigs. 7, 8 and 9). They stain 
readily with haematoxylins and contain numerous haematoxylinophilic granules which more frequently than not obscure the 
uninucleate structure of the organism. The young schizonts 
average about 5.0 u in diameter; sometimes two appear in a 
single host cell (Pig. 9, 9). 
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As the schizonts increase in size marked 
changes take place within the parasites and the host cells. 

The former remain more or less spherical until they become 
about 10. 0 u in diameter when they assume the forms of ovals 
adapting themselves more to the shape of the host cells. 
Internally the minute haematoxylinophilic granules decrease 
in numbers and at the same time larger nuclear bodies become 
apparant. These form a dense mass in the centre of each 
schizont. Occasionally a few mitotic figures are discernible. 
The schizonts thus become multinucleate. At this stage there 
is nearly always a clear space between the parasites and the 
cytoplasm of the host cells; the latter, too, invariably 
show a marked increase in size (Figs. 5, 6 and 9). 

Towards the completion of nuclear division 
the schizonts attain a diameter of from approximately 10. 0 u 
to 15. 0 u. They again tend to assume spherical forms, no 
longer adapting themselves to the shape of the host cells, 
but on the contrary, distort the latter. The numerous 
daughter nuclei migrate from the centre towards the surface 
of the schizonts leaving a central residual body. (Figs. 9 
and 10). 

Merozoites. 
Wenyon (1926) describes for various species 

of Eimeria the manner in whioh the merozoites are formed from 
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the multinucleate schizonts (vide supra) as follows 

" upon their migration to the surface 
each nucleus is included in an exterior "bud" 

of cytoplasm which becomes separate from its 
fellows. " 

The writer, basing his conclusions upon 
sections studied, is of the opinion that no such external 
budding occurs in the case of Eimeria vison. but that each 
nucleus acquires its cytoplasm from the interior of the 

schizont and gradually assumes its final shape (Fig. 10). 
This study is made difficult, especially in haematoxylins 
stained sections, owing to the reappearance of numerous 
haematoxylinophilic granules in the cytoplasm of the form-
ing merozoites. 

When fully formed the merozoites (Figs. 10 
and 11) are invariably arranged in groups of several 
individuals lying parallel to each other and usually 
towards the delicate schizont membrane. There are, as 
a rule, form twenty to thirty-five merozoites in each 

schizont, although occasionally as many as fifty have 
been counted. They are somewhat curved and"banana-shaped" 
being broader at one extremity than the other and contain 
a single centrally situated nucleus. Their average length 
is 5.0 u and their width 1.0 u at the broadest part. They 
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are thus about only half the size of the sporozoites whioh 
they otherwise somewhat resemble. The flagellate character 
of the merozoites, if existant, could not be demonstrated. 

The rupture of the delicate schizont wall 
results in the liberation of the merozoites into the 
lumena of the crypts of Lieberberkuhun or of the intestine. 
In these locations the free merozoites may sometimes be 
seen in sections. They are easily recognized when the 
tissue is out parallel to their long axis; on cross section 
they are, if care is not taken, readily confused with 

monocytes' or the degenerate nuclei of epithelial cells. 
At the completion of schizogony, manifested 

by the formation of the merozoites, the cytoplasm of the 
host cells has been almost completely absorbed by the 
parasites. A few granules of cytoplasmic debris, showing 
a slight tendency to stain with eosin, usually remain 
about the displaced, distorted or degenerate hostcell 
nuclei (Fig. 10). 
Gametogony. 

Gametogony or the sexual cycle commences 
with the invasion of epithelial cells by merozoites, 
continues with their development into gametocytes and 
terminates in the production of zygotes, the products of 

syngamy or fertilization of the macrogametocytes by mioro-
gametes (Wenyon, 1926). 
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On account of the close relationship between 
syngamy and encystment, the latter is also described under 

the heading of gametogony. 
In the case of Eimeria vison gametogony 

is completed on the sixth or seventh day after infection 
with the sporulated oöcysts as manifested by the passage 
of odoysts In the faeces (vide Tables Nos. 1, 2 and 3). In 
one instance Macrogametocytes were observed in the stools 
on the fifth day following infection. The fact that 
merozoites appeared in the stools on the third and fourth 
days and odoysts on the sixth and seventh would indicate 
that the sexual cycle occurs during the interval and under 
favourable circumstances is completed within forty-eight 
hours. 

The individual stages of development during 
gametogony are described under their respective headings 
which follow. 
Gametocytes. 

Regarding the earliest stage of cell invasion 
by the merozoites the same remarks apply here as those made 
in connection with the sporozoites (quod vide). Fig. 12, 1 
illustrates an intracellular inclusion which is apparantly 
an oblique section through a merozoite. It is the nearest 
approach to an unchanged merozoite whioh could be found 
after many hours of searching through numerous sections. 
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The merozoites, in their next stage are 
found in sections without difficulty. They assume a 
spherical form, thus becoming young gametocytes which 
lie in the cytoplasm of th host cells between the 
free extremities and the nuclei (Fig. 12, 2). They stain 
readily with haematoxylins and are invariably surrounded 
by a clear zone separating them from the cytoplasm. At 
this stage of development they are smaller than the young 

schizonts and the haematoxylinophilic granules do not stain 
quite as intensely as they do in the latter. As the 

gametocytes increase in size from 5. 0 u to 10. 0 u in 
diameter they become increasingly similar in appearance 
to schizonts of a corresponding size (Pig. 12, 3). At 
times, in fact, it is impossible to tell them apart. 
When, however, the gametocytes attain a diameter greater 
than 10.0 u there is no longer any difficulty in distinguish-
ing them as such, as sexual characteristics and dimorphism 

become apparent (Pig. 12). 

Approximately five percent of the gametocytes 
develop into microgametocytes and the remainder into 

microgametocytes (300 counted). The former are fairly evenly 
distributed among the latter (Pig. 16). 

microgametocytes. 

The development of the Microgametocytes is 
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further manifested by repeated mitotic divisions of the 
originally single merozoite nucleus (Fig. 12, 4). The 

microgametocytes continue to increase in size and at the 
same time the microgametes appear as slightly curved, 
narrow rod-shaped bodies with bluntly rounded ends. 
They are about 1.0 u in length. They have a strong 
affinity for haematoxylin. Their flagellate character 
if existant, could not be demonstrated. 

The mature Microgametocytes vary in shape, 
some are spherical, but the majority oval. Their final 
average length is 20. 0 u and their width from 15. 0 u to 
20. 0 u. 

At maturity, the microgametes migrate towards 
the surface of the microgametocyte leaving a central residual 
body, (Pig. 12, 5), (Pig. 20). They eventually escape from 
the surrounding membrane (Pig. 12, 6) and at times may be 
seen among the macrogametocytes, though on account of their 
small size it is often difficult to recognize them with 

certainty among the host cell debris. 

Macrogametocytes, Syngamy and Encystment. 

Concurrent with the development of the 
microgametocytes and microgametes, the remainder (ninety-five 

percent) of the gametocytes, when about 10. 0 u in diameter 
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reveal the early characteristics of macrogametocytes. 
At this stage of development numerous haematoxylinophilic 
granules are abundant in the cytoplasm of the parasite; 
these frequently obscure the single nucleus. In addition 
to these a smaller number of large plastic granules, 
Becker (1934), appear within the cytoplasm; many of these 
are 1. 0 u in diameter; they are refractile, clear and 
colourless in unstained preparations, but cherry red when 
stained with eosin. The macrogametocytes, thus show a 
sharp contrast beside schizonts and microgametocytes, and 
their developmental stages from this point on may be readily 
followed without fear of confusion, as the plastic granules 
remain until the time of encystment, (Fig. 12, 7 , (Figs. 15 
to 20). 

The macrogametocytes continue to increase in 
size until they attain an average diameter of from 15. 0 u 
to 18. 0 u. At this time they commence to assume an oval 
form and the plastic granules move towards the surface of 
the parasite (Fig. 12, 8 ) where they arrange themselves in 
a single layer (Fig. 12, 9). 

This stage is reached at the time when the 
microgametocytes are mature and is the time when syngamy 

(fertilization) takes place (Fig. 12, 10-12). The processes 
illustrated were only found after prolonged searching through 
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sections. The minute size of the microgametes, the presence 
of haematoxylinophilic granules within the cytoplasm of the 
macrogametocytes, and the possibility of certain bodies being 
c a s t out chromosomes during the process of meiosis, make it 
difficult to accurately interpret some of the figures during 
syngamy in Eimeria vison. 

During or shortly following syngamy the 
plastic granules fuse together forming the thick inner layer 
of the oöcyst walls (Fig. 12, 11 and 12), (Figs. 17, 18 and 19). 
The plastic material, once the wall is formed, no longer shows 
its marked affinity for eosin, but only stains faintly with 
this dye or not at all. 

The fertilized macrogametes, or more 
correctly now, the zygotes, manifest the completion of their 

intracorporeal development, by contraction of the cytoplasm 
about the single nuclei into spherical masses. The spaces 
left between the Oöcysts walls and the zygotes being occupied 
by the oöcyst jelly (Pig. 12, 13, 14 and 1 5 , (Fig. 2, 1 and 

The effect of the parasites upon the host cells 
during gametogony is similar to that which occurs and is 

described under schizogony (quod vide). Collectively the 
development and requirements of the intracorporeal stages 

of Eimeria vison result in extensive destruction of epithelium. 



- 4 2 -

whioh in sections studied shows no indication of repair 
(Fig. 23). 

Numbers of the oöcysts, the encysted forms, 
remain adherent to each other in the crypts of Lieberkühn 
or on the surface of the mucous membrane (Figs. 21 and 22). 
They eventually become detached, separated from each other, 
mixed with the ingesta, cell debris, mucous and faeces 
(Fig. 24) and finally are passed out from the body of the 
host. 

The endogenous or parasitic stage in the 
life cycle is thus completed. 

The entire life cycle of Eimeria vison, 
including both the extracorporeal and intracorporeal 

development requires from sixteen to nineteen days for 
its completion. 



ILLUSTRATIONS 



• 4 3 • 

Fig. 1. --Eimeria vison: SEMI-DIAGRAMMATIC REPRESENTATION 
OF A MATURE OOCYST. (MODIFIED AFTER BECKER). 
(The intra-residual body has been omitted from one sporocysts 
in order to show the sporozoites clearly). 

1. Exomembrane of cyst wall. 
2. Granular layer of cyst wall. 
3. Endomembrane of oyst wall. 
4. Oocystic or extra-residual body. 
5. Oöcyst jelly. 
6. Sporocysts. 
7. Sporocystic or intra-residual body. 
8. Vacuole of sporozoite. 
9. Sporozoite. 

10. Nucleus of sporozoite. 
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9 

Fig. 2. --Eimeria vison: EXTRACORPOREAL DEVELOPMENT. 
RECONSTRUCTED FROM CAMERA LUCIDA DRAWINGS OF LIVING ORGANISMS. 
(x 1000). (ORIGINAL). 
1-2. Oocysts with unsegmented zygotes. 
3-4. Segmentation of zygotes. 
5-6. Development of the four sporoblasts, formation of the 

sporocysts and oöcystic residual body. 
7-8. Development of the eight sporozoites and Sporocystic 

residual body. 



Fig. 3. —Eimeria vison: OOCYSTS IK A FAECAL SMEAR 
SHOWING DIFFERENT STAGES OF DEVELOPMENT. x 440). (ORIGINAL). 
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Pig. 4. —Eimeria vison: 
SPORULATED OOCYST, (x 1000). 

PHOTOMICROGRAPH OP A 
(ORIGINAL). 
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Pig. 5. —TALL COLUMNAR EPITHELIUM PROM INTESTINE 
OP A NORMAL MINK, (x 440). (ORIGINAL CAMERA LUCIDA DRAWINGS). 



- 48 -

Pig. 6. —TALL COLUMNAR EPITHELIUM AND GOBLET CELLS 
PROM THE INTESTINAL MUCOSA OP A NORMAL MINK, (x 440). 
(ORIGINAL CAMERA LUCIDA DRAWINGS). 



Pig. 7. —Eimeria vison: YOUNG SCHIZONTS IN THE INTESTINAL 
EPITHELIUM OP A MINK, (x 440). (ORIGINAL CAMERA LUCIDA DRAWINGS) 
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Fig. 8. —Eimeria vison: YOUNG SCHIZONTS IN THE 
INTESTINAL EPITHELIUM OP A MINK, fx 440). (ORIGINAL 
PHOTOMICROGRAPH). 

The schizonts are in the cytoplasm of the cells between 
the nuclei and the free extremities; they are smaller than 
the nuclei and stain darker. The epithelium in the two 
lower villi has been entirely destroyed. 
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fig. 9. —Eimeria vison: DEVELOPMENTAL STAGES IN 
SCHIZOGONY IN INTESTINAL EPITHELIAL CELLS OF MINK, (x 440). 
(ORIGINAL CAMERA LUCIDA DRAWINGS). 
1-2. Sporozoites shortly after invasion of cells. 
3-4. Young schizonts. 
5-9. Sections through growing schizonts showing numerous 

nuclei (9 shows two schizonts in a single cell). 
10-12. Sections showing further development of schizonts, 

migration of mitotic products towards the surface of 
the parasite and residual bodies. 
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Fig. 10. —Eimeria vison: FURTHER DEVELOPMENT OF THE 
SCHIZONTS AND THE FORMATION OF MEROZOITES. (x 440). (ORIGINAL 

CAMERA LUCIDA DRAWINGS). 
1. Section through schizont completing nuclear division, showing 
a mitotic figure and residual body. 
2. Section through schizont showing development of merozoites. 

3-5. Sections through schizonts showing merozoites and residual 
bodies at the completion of schizogony. 

6. Section through schizont after rupture of membrane and 
migration of all but three merozoites. 



Pig. 11. ~Eimeria vison: MEROZOITES US INTESTINAL 
CRYPT OF MINK. (x 440). (ORIGINAL PHOTOMICROGRAPH). 

The parasites are confined to the central crypt. 
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Pig. 12. —Eimeria vison: SECTIONS THROUGH CELLS AND 
PARASITES SHOWING STAGES IN GAMETOGONY IN THE INTESTINE OP A 
MINK. (x 440). (ORIGINAL CAMERA LUCIDA DRAWINGS). 
1. Invasion of an epithelial cell by a merozoite. 

2-3. Early growth of the gametocytes. 
4. Microgametocyte showing development of microgametes. 
5. Migration of microgametes towards surface, mitotic figures 

and residual body. 
6. Microgametocyte and residual body after migration of all but 

a few microgametes. 
7-9. Development of Macrogametocytes showing plastic bodies and 

their migration towards surface. 
10-12. Syngamy and fusion of plastic bodies to form oocyst wall. 
13-15. Oöcysts showing progressive contraction of cytoplasm in 

the development of the zygote. 
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Fig. 13. —Eimeria vison: CROSS-SECTION THROUGH 
INTESTINAL VILLI OP MINK SHOWING DIFFERENT STAGES IN 
GAMETOGONY. (x 440). (ORIGINAL PHOTOMICROGRAPH). 

The parasites are between the free extremities and the 
nuclei of the cells and in most oases are more dense and 

darker than the nuclei of the epithelium. 

\ 
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Fig. 14. — Eimeria vison; SECTION THROUGH INTESTINE 
OF MINK SHOWING DISTRIBUTION OP THE PARASITES IN DIFFERENT 
STAGES OF GAMETOGONY. (x 100). (Original Photomicrograph). 

All the epithelium except that in the distal portion 
of the glands of Lieberkühn is invaded. 
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Pig. 15. —-Eimeria vison: SECTION THROUGH INTESTINAL 
MUCOSA OP MINK SHOWING DEVELOPMENTAL STAGES IN GAMETOGONY. 
(x 440). (ORIGINAL PHOTOMICROGRAPH). 

The epithelium in the upper two thirds of the glands 
of Lieberkühn has been completely destroyed by the developing 
gametocytes. 

The small, sharply defined dark granules in the Macrogametocytes are the plastic bodies whioh ultimately form the 
oocyst wall. 

The two large dark bodies on the circumference of the 
circle at eleven and one o'clock are Microgametocytes. 
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Fig. 16. —Eimeria vison: SECTION THROUGH INTESTINAL 
MUCOSA OF MINK SHOWING STAGES IN GAMETOGONY. (x 440). (ORIGINAL 
PHOTOMICROGRAPH). 

Similar to Pig. 15 but showing several Microgametocytes. 
(The large dark bodies in the centre of the field). 

A number of oöcysts shortly after syngamy are also shown. 
They contain no plastic bodies, are light in colour and in 
many oases show the zygote nucleus. 

The epithelium, in the field shown, is almost entirely 
destroyed by the parasites. 
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Fig. 17. —Eimeria vison: SECTION THROUGH INTESTINAL 
MUCOSA OF MINE SHOWING STAGES IN GAMETOGONY. (x 440). (ORIGINAL, 
PHOTOMICROGRAPH). 

Similar to Figs. 15 and 16 but showing numerous oocysts 
shortly after syngamy, a stage in whioh the cytoplasm is still 
evenly distributed throughout the body of the parasite. 

Connective tissue proliferation is also shown at the 
free extremities of two villi, the epithelium of whioh has 
vanished. 
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Fig. 18. —Eimeria vison; SECTION THROUGH GLANDS OP 
LIEBERKÜHN, INTESTINE OP MINK, SHOWING STAGES IN GAMETOGONY. 
(x 440). (ORIGINAL PHOTOMICROGRAPH). 

Similar to Pigs. 15, 16 and 17 but considerably enlarged. 
Macrogametocytes, microgametocytes and oocysts, the last 

in the stage of development shortly after syngamy and before the 
contraction of the cytoplasm about the zygote nuclei. 
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Fig. 19. --Eimeria vison: SECTION THROUGH INTESTINAL 
MUCOSA OF MINK SHOWING ADVANCED STAGES IN GAMETOGONY. (x 440). 
(ORIGINAL PHOTOMICROGRAPH). 

The tipper half of the picture shows a number of young 
oocysts; the lower half macrogametocytes prior to the fusion 
of the plastic bodies to form the oocyst wall. The several 
large dark bodies are microgametocytes. 



- 62 

Fig. 20. —Eimeria vison: SECTION THROUGH GAMETOCYTES. 
(x 960). (ORIGINAL PHOTOMICROGRAPH). 

The two large dark bodies in the central group are 
Microgametocytes near the completion of their growth and 

production of microgametes. 
Macrogametocytes and oöcysts are also illustrated. 



Pig. 21. —Eimeria vison: SECTION THROUGH INTESTINAL 
MUCOSA OP MINE SHOWING NUMEROUS OOCYSTS AT THE COMPLETION 
OP GAMETOGONY AND THEIR INTRACORPOREAL DEVELOPMENT, (x 100). 
(ORIGINAL PHOTOMICROGRAPH). 

All but the distal third of the mucous membrane has 
been destroyed by the parasites in the field shown. 

At this stage of development the oocysts are ready to 
pass into the lumen of the intestine and leave the body of 
the host. 
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Fig. 22. —Eimeria vison: SECTION THROUGH AN ACCUMULATION 
OF OOCYSTS ON THE SURFACE OF THE INTESTINAL MUCOSA AT THE 
COMPLETION OF THEIR INTRACORPOREAL DEVELOPMENT (x 440). 
(ORIGINAL PHOTOMICROGRAPH). 

The same area is shown in Fig. 21 but under lower 
magnification. 



Fig. 23. —SECTION THROUGH THE INTESTINE OF A MINX 
SHOWING THE COMPLETE DESTRUCTION OF THE EPITHELIUM FOLLOWING 
REPEATED EXPERIMENTAL INFECTION WITH EIMERIA VISON. (x 100). 
(ORIGINAL PHOTOMICROGRAPH). 



Fig. 24. --Eimeria vison: SECTION THROUGH FAECES IN THE 
RECTUM OP A MINK SHOWING NUMEROUS OOCYSTS READY TO LEAVE THE 
BODY OP THE HOST AS THE COMPLETION OP THEIR INTRACORPOREAL 
DEVELOPMENT, (x 440). (ORIGINAL PHOTOMICROGRAPH). 
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SUMMARY. 

1. An introductory historical review of the Coccidia and 
coccidiosis in the mink, ferret and weasel is given. 

2. Studies have been made on the life history and 
developmental stages of Eimeria vison. each of whioh 
is illustrated by photomicrographs or camera lucida 
drawings. 

3. The life cycle is completed in from sixteen to nineteen 
days under favourable conditions. 

4. The extracorporeal development requires ten days in a 
favourable environment. 

5. Each of the developmental stages during sporogony is 
described and measurements are given. 

6. The mink and ferret were experimentally infected with 
sporulated oocysts, but not the oat (?), rabbit or 
guinea pig. 

7. The distribution of the parasites within the body of 
the host has been studied, and the reaction of the host 

cells are described at various stages of the parasite's 
development. 



68 

8. The intracorporeal development is completed in from 
six to nine days following infection. Each stage of 
the parasite's development during schizogony, gametogony 
and encystment is described, measurements and staining 

reactions are given. 

9. It has been demonstrated that the schizogony cycle is 
definitely limited. 

10. It has been observed that the host, Mustela vison has 
no caecum. 

11. A modification of the Sheather and Lane floatation 
techniques has been described, whioh combines the 
advantages of both methods and does not necessitate 
the use of the special Lane centrifuge buckets and 
cover slip holders. 

12. A method of preparing moist tissue films without 
shrinkage is described; a substitute for osmic acid 
vapour for fixation is given. 

• 
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