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7

HIS posthumous publication has been written by Mrs. W. T.
Johnson from rough manuscript notes and tables prepared by her

husband over a period of research that occupied the. later years of his
life. In addition to ifs scientific value as a contribution to poultry
pathology, bringing to a conclusion an unusually productive career in
research, the publication constitutes a memorial to Dr. W. T. Johnson.

A graduate of l/ashington Slate College, and for six years a re-
search worker at the Western Washington Experiment Station at
Payallup, Dr. Johnson spent thirteen years at Oregon Slate College,
attaining the rank of Professor of Veterinary Medicine, and Poultry
Pathologist of the Agricultural Experiment Station. Still a coinpara-
lively young man of forty-five years when he died on December 29,
1937, he had worked out, through painstaking experiments and most
exacting study, the solution of many problems in diseases of poultry
that are recognized as among the most important in the development
of the commercial poultry industry.

He was the first to suggest, in fact, the existence of more than
one kind of coccidia, the cause of a malady that formerly was respon-
sible for more deaths among fowls than any other disease. He first
discovered and published proof of the fact that immunity to an mternal
parasite could be developed. His discoveries in this field and in that of
fowl-pox vaccination, in which the new principle of unattenuated virus
vaccination was established, were the foundation on which rests the
prevailing program of conservation that has protected from disease
millions of domestic fowls. Author of a score of technical articles in
scientific periodicals and of more than twice as many popular articles
in the press, he became widely recognied as an authority on poultry
pathology.

In the particular field of this bulletin, his work has shown that
under experimental conditions chickens can be successfully iniinunized
against five species of coccidia. Data from field trials are not avail-
able to demonstrate that these same species can be satisfactorily con-
trolled under commercial poultry-farm conditions. It was in this par-
ticular field that Dr. Johnson's experimental studies were cut short by
his untimely death, thus leaving for others the accomplishment that
not only had been his chief ambition but to which he gave his entire
personal resources with heroic self-eftacement. Like many another
consecrated scientist, he held the objectives for which he sought, in
the interest of human and animal conservation, above individual com-
fort, safety, or even life itself.

Wm. A. SCJT[OENFELD,
Dean and Director.



Coccidiosis of the Chicken with
Special Reference to Species

By W. T. JoHNsoN, D.V.M.
Poultry Pathologist

Department of Veterinary Medicine

UNTIL
recent years coccidiosis of domestic and some wild fowls was con-

sidered due to one species Elmeria avium. The writer1 called attenti'Ni
to the possibility of differences in some of the developmental forms described
by Fantham' and Cole, et al.3 and also stated that the observations did not agree
in all respects with the descriptions given by either of these authors. It was
suggested at that time that the differences might be more apparent than real.

Investigations1' 4 at the Western \Vashington Experiment Station estab-
lished that sparrows (Passer dorneslicus) and blackbirds (Euphagus cyan-
oceplialus) in the state of "vVashington harbored obcysts which were not of the
same species as those found in chickens. In addition, it was brought out that
oocysts had been found in the turkey which showed a shape-index differenti-
ating them from oocysts noted in the chicken. One attempt to inoculate a seven-
months-old turkey with sporulated oocysts from the chicken resulted in no
oocysts being found in the feces. When reporting the above findings in sparrows
and blackbirds, the writer was not aware of the work of Smith and Smillie3
establishing that sparrows which they examined from the Eastern United States
harbored a two-spored coccidium of the genus Isospora.

The author called attention4 to the morphological variability shown by the
so-called E. avium and that this "may be brought about by factors more or less
extrinsic to the parasite itself." It was further stated "that distinctly noticeable
variations are seen as to size, shape, and structure of similar stages of appar-
ently the same species of coccidium. The differences are often so marked as to
suggest very strongly the probability of more than one species of coccidia being
found in the chicken. While it is not at all improbable that chickens are in-
fected with more than one species, as is contended in connection with other
hosts, which might account for some variations, present information indicates
that the same coccidium may be so variable that one can readily be misled to
the belief that more than one species is being observed." The merozoites com-
monly found by the writer in the duodenum were smaller than the cecal mer-
ozoites and pointed at both ends. The cecal merozoites were pointed at both
ends, or at one end with the opposite end rounded, and less acutely pointed than
those of the duodenum. Attention was called to the observation that "young
fowls very seriously infected and showing intestinal hemorrhage as a result,
always develop large type schizonts" and that "there is some evidence to indi-
cate that mild infection in young fowls results in small schizonts being formed
in the duodenum with merozoites arranged like the sections of an orange."

One attempt to establish the relationship of large schizonts and large mer-
ozoites to the small types indicated one species was capable of producing the
different types. In view of more recent work4 this is untenable and is only
explainable on the basis of accidental infection with Eimeria tenella of one of
the fowls from which material was taken for a culture when conducting the
investigation.

Tyzzer' points out that Reichenow suggested the occurrence of more than
one species of coccidium in the chicken. Reichenow's viewpoint was unknown
to the writer until the publication of Tyzzer's paper.
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Figure 1. Cage for brooding and i-earing, showing chick front with shallow copper feed and
water containers hooked in place, half-inch-mesh wire floor.
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Fig-ui-c 2. Heating Units mounted in double socket suspended on electric extension cord and

protected by quarter-inch-mesh wire guards. The units are Vitrohin radio resistors
V-ho, W-60.
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Tyzzer3 reported encountering two species of coccidia in the chicken which
he designated E. aviuin and E. lenella. In a later publications he states: "A
review of the earlier papers indicated that E. aziuin is not a valid species."

Investigation9 ° by the writer, at Oregon Agricultural Experiment Sta-
tion during 1926 and 1927, revealed what was then considered at least four
species of coccidia. It is now apparent that the cultures used at that time
included the four species Tyzzer9 designates E. tenella Raillet and Lucet,
Eimeria initis Tyzzer, Eimeria acervulina Tyzzer, and Eimeria maxima Tyzzer,
and the two new species for which the names Eimeria necatrix and Eimericz
praecox have been proposed.92 The author is indebted to Doctors Maurice C.
Hall and Albert Hassall, Zoological Division, Bureau of Animal Industry,
United States Department of Agriculture in connection with the two last-
named species; the former for suggesting the names and the latter for infor-
mation pertaining to preemption. E. necatrix, signifying murderess, was sug-
gested because of the extreme pathogenicity evidenced by this species when
ingested in large numbers and E. praecox, signifying precocity, because of early
oocyst development following ingestion of sporulated oocysts. F. Praecox
oocysts regularly appear in the feces on the fourth day after inoculation, several
hours sooner than E. acervulina.

MATERIALS AND METHODS
Unless otherwise stated, the following materials and methods con-

stitute the routine of this laboratory and were used in the experiments
recorded.

Fowls. The fowls were all incubator-hatched S. C. White Leghorns,
purchased as day-old chicks and transferred directly from the shipping
boxes to metal cages. They were kept in a room used only for stock fowls
until just before inoculation. Eight different rooms were used during the
course of the investigations as a precaution against accidental infection.
Certain rooms were used almost entirely for fowls infected with a given
species to insure purity of cultures.

Cages. The all-metal cages were so constructed that the tops, pans,
and wire floors could be readily separated, as they merely rested one
upon the other, to permit easy and thorough cleaning. For the day-old
chicks the floors were covered with asphalt paper, which was removed
twice daily and thoroughly cleaned and scrubbed in hot water. After a
few days the paper was taken away leaving the chicks on hardware-cloth
(wire) floors of i-inch mesh. As the fowls grew, 1-inch mesh 12-gauge wire
was substituted. More recently this was discarded and replaced by fe-inch
cold-rolled rods spaced one and one-fourth inches apart. The cages have
changeable doors; flyscreen for young chicks and doors with bars for older
chicks and mature fowls. When the bar doors were used, a copper feed and
water trough was hung outside the cage, removable by merely lifting it
off. For the major part of the investigations here reported, up to the time
of using the bar doors the feed was supplied in a metal tray placed inside
the cage and water in a star fount or glass beaker. This equipment, how-
ever, was replaced by shallow feed and water troughs of copper hung on
the outside of the cage. Figures 1 and 3 illustrate the cage commonly used.
Until the chicks no longer needed it they were kept warm by two heating
units mounted in a double socket suspended on a light extension cord.



Figure 3. Same cage as in Figure 1 showing bar door and deep container for feed and water
for mature fowls;also the three-sixteenth-inch cold-rolled rods set one and one quarter
inches apart replacing the mesh floor.
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Figure 4. Teasing needle and forceps used in preparing smears for examination.
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Each heating element had a i-inch wire-mesh guard to protect the chicks.
(Figure 2).

Feed. An all-mash ration was used and water was the only liquid sup-
plied. Both feed and water were autoclaved at fifteen pounds pressure
for an hour, in approximately one-gallon containers. The drinking troughs
were washed twice a day with hot water, the feed containers once a day
and any feed left at that time was discarded.

Sporulation technic. The cultures were prepared by mixing 2.5 per
cent potassium bichromate in distilled water with a shallow layer of
feces or intestinal content in Petri dishes or small vials. These cultures
were left at room temperature for several days to several weeks, preferably
several days. Then they were transferred to serological test tubes or shell
vials, tightly stoppered and placed in a refrigerator at about 7° C. and
kept for varying periods until used for inoculation.

Inoculation. If very young chicks were to be inoculated, in all in-
stances the cultures were diluted with distilled water, centrifuged, decanted
and diluted again. It is preferable to do this for fowls of all ages in that
some deaths might occur from potassium bichromate poisoning.

A medicine dropper or a glass tube attached to a rubber bulb was used
to introduce the culture material into the first portion of the esophagus.
The ordinary medicine dropper was very satisfactory for cultures made
with cecal feces of normal consistency, but the tube dropper was better
for those made of small-intestine feces, if the coarse material was not
removed before administration.

Smear examinations. Concentration methods were not resorted to for
routine examinations. Smears were made directly from cecal or small-
intestine feces or content or with scrapings from various parts of the
intestinal tract. These smears were made with a dissecting needle (Figure
4). The material to be examined was spread on a glass slide and physio-
logical saline or distilled water added with a medicine dropper. This
gave a more uniform smear, especially with cecal material.

In preparing smears of small-intestine feces a pair of forceps (Figure
4) was used to remove as much of the material as possible from the outer
part of the feces and to mix it thoroughly with water. While mixing ma-
terial and water the forceps were held parallel with the face of the slide,
pinching out most of the coarse material and making the smear more
easily examined. Tap water direct from the hot water faucet was used for
the smear and to rinse particles from the forceps, since water that had
been heated was considered safer to use although there is no evidence that
oocysts have been transferred to smears that way.

Smears were made with material from several feces, or if only one
was available, from several parts of it. Viscid mucus, if present was
selected in the case of small-intestine feces.

The preparations were covered with 18 mm. cover glasses and examined
under the 4 mm. and 16 mm. objectives, usually three times across with
each. These objectives with other equipment used gave fields approxi-
mately 0.4 mm. and 1.6 mm. in diameter, respectively. If the smear were
examined without a cover glass it would be advisable to add a small
amount of sodium hydroxide solution to insure proper spread of material.
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Isolation. Variation in sporulation rate and time from ingestion of
sporulated oocysts to development of new oocysts was taken advantage
of; selection of a small quantity of feces containing but one species that
came from a fowl affected with more than one and direct isolation of
sporulated oocysts from mixed cultures with a capillary pipette.

The pipette was made by heating a glass tube and drawing it out to a
very small opening. The desired type of oocyst was found under the 16
mm. objective, the point of the pipette placed near and by capillary attrac-
tion the oocyst was drawn into it, then carefully blown out upon a clean
slide. This small droplet was then examined under both 4 mm. and 16 mm.
objectives as an additional check for contamination. If contamination was
found a very small amount of distilled water was added to the droplet and
the procedure repeated, or another attempt made from the original drop of
suspension. When oocysts of apparently pure type were separated, a
drop or two of distilled water was added, then picked up with the medicine
dropper and introduced into the esophagus of a susceptible chick. Dis-
tilled water was added to the slide several times to make the transfer more
certain. Individual oocysts from cultures a few days old are probably
more certain to prove infective and are therefore considered more desir-
able for isolation of species.

Coccidial cultures used. Five speciesF. nitis, E. praecox, F. tenella,
F. maxima, and E. ace-rvuUna were available in pure culture for the experi-
ments recorded in this paper. F. milis, F. preacox, and F. ten ella were isolated
from subcultures of a suspension prepared December 4, 1926, with cultures from
various fowls in the laboratory. F. maxima and E. acervulina were isolated
from subcultures of a culture prepared November 3, 1926, with scrapings and
content from the small intestine of mature fowls brought to the laboratory for
diagnosis. This culture was prepared to furnish material for future study
because of the striking difference in size and color of the oocysts present.
E. necatrix was obtained from fowls sent in for diagnosis during the year 1926
and later and it occurred with other species. F. mi/is was isolated in pure
culture by selecting a small amount of small-intestine feces, which proved to
contain no other species; E. praecox from a single oocyst; F. tenella from five;

maxima from fourteen, and F. acervulina from a large number. When
isolating F. acervulina advantage was taken of information given by Tyzzer',
allowing approximately twenty-four hours for sporulation and selecting oocysts
passed at the beginning of the fifth day.

DATA AND DISCUSSION
The data are presented as much as possible under headings that

bring out points establishing a basis for control measures. Conclusions
from data other than those included and from observations are also given.

Size and shape-index of oocysts. In determining the size of the oocysts
only sporulated ones were measured. The cultures used were prepared
26, 74, 26, 134 days and the suspensions 19, 65, 19 and 67 days previous to
measuring the respective species, E. mi/is, F. acervulina, F. maxima, and E.
tenella. The culture for E. praecox was prepared four days before and material
was taken directly from the culture. No oocyst measurements were made for

necatrix as a pure culture was not available but schizonts and merozoites
were measured. Smears of fresh scrapings were used. The large size of E.
necatrix schizonts particularly distinguished them from all other species attack-
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ing the first part of the small intestine. Table 1 records the measurements for
oocysts, schizonts, and merozoites and Table 2 the shape-index.

Sporulation and pathogenicity. The writer1 previously called attention
to the fact that in examining thousands of smears made directly from the
fowl no sporulated oocysts had been noted. Since that time, however, they
have been encountered, but from fowls recently experimentally inoculated,
and these oocysts quite obviously were ones sporulated before being ad-
ministered. Tyzzer also reports this. It was further regarded1 possible
that forms other than sporulated oocysts might be infective but that the
sporulated oocyst was the only serious means of spreading the disease.

Young11 reports infection following feeding of unsporulated oocysts
which had been removed from the fowl as short a time as one hour and
forty-five minutes. Is it conceivable that results such as he reports could
be obtained even though complete sporulation is an absolute requirement?
Such results may be due to an occasional sporulated oocyst, extremely
difficult to locate upon examination of material used for inoculation, which
may have been ingested in the sporulated form by the fowl from which it
had just been excreted. It is also conceivable for unsporulated oocysts to
occur in the feces from fowls inoculated a few hours previously, sporulate,
and be reingested by these same fowls. It is important when determining
the relationship of sporulation to infectivity to know the species used for
inoculation and also to know its incubation period. Even though the
strictest sanitary procedure is followed when conducting such an experi-
ment, accidental infection is not impossible.

The data in Table 3 lend no support to the belief that unsegmented
oocysts are infective. Infection developed with E. acervulina, following feeding
of oocysts, eighteen to twenty-four hours after removal from the fowl, E.
tenella twenty-four hours or less, E. nstis and E. praecox twenty-four to
thirty-six hours, and E. maxima thirty-six to forty-eight hours. In the case of
fowls V149 and V150 inoculated with E. tenella sporulated for twenty-four
hours, only a few oocysts were found in their feces, indicating that infectivity
had just been reached and only on the part of a very few oocysts. The thirty-
six and forty-eight-hour E. tenella cultures produced distinctly more severe
infection in all four fowls than the twenty-four-hour culture. The forty-
eight-hour culture proved the most pathogenic. The fowls not developing
infection following experimental inoculation as shown in Table 3, all
proved susceptible to the respective species of coccidia later. The, cultures
used for the susceptibility test were the same as above referred to in deter-
mining the sporulation time but incubated longer.

Each fowl developed oocysts and symptoms typical ot the species
with which it was inoculated. No other oocysts were noted and the incuba-
tion period wa typical for each species. Small-intestine feces were used
for all smears except in the case of fowls V149, V150, V159, V160, V169, and
V170, in which instances cecal feces were used following inoculation with
E. tenella. V19, V169, and V170 excreted the characteristic pure-blood
cecal feces. The gross appearance of feces from V149 and V150 was
normal, V160 excreted only traces of blood in the cecal feces.

The fowls included in Table 3 were divided into groups of two to a
cage and all but the cage used for V176 and V177 were kept in the same
room. All cageswere equipped with inch square-mesh wire bottoms and out-
side feed and water hoppers.



Oocyst (sporulated) measurements based on fifty for eaCh species; schizonts and merozoites on nine and twenty-one, respectively, selected
fiom large numbers.

Table 2. SHAPE INDEXRt OF THE OOCYST OF FIVE Eimeria OF Ti-ID CHICKEN.

Table 1. MEAsUREMENTS IN MICRONS OF FRESH UNFIXED FORMS OF Eimeria OF TI-ID CHICKEN.

Develop-
ment

forms

E. initis B. acervulina B. tenella B. necatrlx B. p--aecox E.

Mm-
inluni

maxima

Aver-
age

Mm-
imum

Aver-
age

Max-
imum

Min-
imunl

Aver-
age

Max- Mm-

Imunl imum
Aver-

age
Max- Mm-
imum imum

Aver-
age

Max-
mum

Din -
ml u,n

AveI-
age

Max
Imlini

Max-
imum

12.0 13.7 16.0 12.0 13.8 14.8 15.0 17.5 19.4 19.0 20.6 22.0 20.0 22.9 27.6
Oocysts by by by by by by by by by be by by by by by

13.0 15.0 18.0 14.0 18.0 20.0 20.0 23.7 25.0 22.0 23.8 25.0 26.4 30.4 36.0

1.7 1.9 2.0
Merozoites by by by

113.2 11.4 14.0

42.0 49.2 62.7
Schizonts by by by

44.0 63.1 84.7

B. mills E. praecox B. acervulina B. flIIlZiflS E. tenella

0.91
i

0.87 0.77 0.75 0.74

Obtained by dividing widtb by length.
Represents average for 50 sporulated oocysts for each species.



Table 3. ReLATIONSHIP OF SPORULATION TIMe rO PATIIOGENICITY.

Check for
inoculation susceptibilityt

Interva between removal of oocysts from host and inoculation.
Examinations began day after inoculation and were made according to Ca endar days

and not at twentyfour-hour intervals. Positive findings, designated in table, represent result
of examining combined feces from two fowls in some instances. A positive diagnosis for a
pair of fowls in a cage was eventually established for the individual.

t Reinoculation with completely sporulated oocysts from the same lot of feces supplying
oocysts for first inoculationall cultures were pure for the respective coccidial species.

PSignifies infectiondetermined by hemorrhagic feces and various coccidial develop-
mental forms in case of E. ienella and oocysts only for the other species.

NNo infection, as determined by direct smear examination of feces.
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Species of
8-mci-ia Fowl

-

Date
1st
day

2nd
day

3rd
day

4th
day

5th
clay

6th
day

7th
day

ulation
date Date

8.I1j

8-12-30

Posi-
tiveDays lIrs.

F. aces-vsilina

12 8-1-30 N N N N N N N 8-7-30 P

P18 8-1-30 N N N N N N N 8-7-30

1 7-25-30 N N N N P P

1 12 7-26-30 N N N P P

2 .. 7-26-30 N N N N P

F. tenella

1 ... 7-25-30 N N N N N N P

1 12 7-26-30 N N N N P

2 .. 7-26-30 N N N P P

E. mites

1 8-1-30 N N N N N N N 8-7-30 8-12-30 P

1 7-26-30 N N N N P

2 7-26-30 N N N N N P P

F. praecox

I .... 7-25-30 N N N N N N N 8-2-30 8-7-30 P

1 12 7-26-30 N N N P

2 ... 7-26-30 N N N P

E. maxinla

1 ... 7-25-30 N N N N N N N 8-4-30 8-10-30 P

j 1 12 7-26.30 N N N N N N N 8-4-30 8-10-30 P

2 7-26-30 [ N N N N N P

Sporula. Fecal smear
ion Fecal findings after inoculationt findings
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The inoculation material given the fowls reported on in Table 3 was
from two specially prepared Petri-dish cultures. Experimentally infected
fowls were autopsied and material taken from the small intestine for the
species attacking this part of the intestinal tract and from the ceca for
E. lenella. A circular piece of filter paper was fitted into and completely
covered the bottom of each Petri dish.

For the first dish six pieces of filter paper, one inch square, were cut.
One square was used for each of the four species and two for E.mitis be-
cause the oocysts were not so numerous. Approximately equal amounts of
fecal material were spread in a thin layer over each square. Five squares
were placed near the edge of the Petri dish and one (E. mitis) in the center.
A solution of 2.5 per cent potassium bichromate was carefully added,
s1crhtiv n excess of saturation of the large filter paper, the dish covered
and kept at room temperature. From one to four daily observations were
made of the cultures and a minimum of 25° C. and a maximum of 26° C.
were recorded. Later, as indications demanded, small amounts of potas-
sium bichromate solution were added. This culture was used for the July
25 and 26 inoculations.

The second Petri-dish culture was similarly prepared except that all
squares were placed at the edge of the dish, kept under similar conditions
and used for the August 1 inoculations (Table 3).

All inoculations were made by forcing down to the crop of each fowl
a gelatine capsule containing (with a few exceptions noted below) square of
filter paper for each of the four species and twice this amount for E. milis.
Fowls V151, V152, V161, and V162 were each given 1./18 of a square inch of the
filter paper when inoculated to check susceptibility.

Incubation period. Table 4 gives data pertaining to the nterval be-
tween ingestion of sporulated oocysts and the appearance of new oocysts
in the cecal content for E. tenella, and small-intestine feces for the other
four species. Andrews1' suggests designating the time from the entrance
of the parasite into the host until the appearance of the new parasites in the
feces as the prepatent period, stating that the term incubation does not
precisely apply.

Table 5 gives the shortest intervals noted between ingestion of spor-
ulated oocysts and the appearance of the new, for the five species. E. prae-
cox and E. acervulina are both recorded as showing oocysts on the fourth
day. Nevertheless, oocysts of the former were observed more consistently
a few hours sooner.

Immunization. Attention was called to the development of resistance
in fowls to coccidia, then thought due to age but later it was reported4
that age is not the determining factor. The work of Beach. and Corlhi

suggested that resistance was the result of coccidial infection but they
also paradoxically concluded no correlation between severity of the disease
and dosage. Investigationsi at the Oregon Agricultural Experiment Sta-
tion established that immunity or a high degree of resistance could be
developed by experimental inoculation. It is now apparent that two
species, E. tenella and E. necatrix and undoubtedly other species, were involved
in these investigations. Tyzzer' reports developing immunity using single
species and known mixtures of species: E. mits, E. acervulina, E. maxima,
and E. ten ella.



Table 4. INTERVAL BETWEEN INGESTION OF SPORULATED OOCYSTD AND DETECTION OF NEW OOCYSTS.

Two fowls to a cage in some instances and lecal findings were the result of examining
composite smears.

f Inoculated twice with B. maxima, with interval of eleven days.
Fraction of an hour additional.

NNo oocysts seen.
POocysts typical of the species.
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Inoculation

Find
ings

Interval
ingestion
to death

Last negative
examination after

inoculation

First detection
of oocysts after

inoculation
Species of
Eimeria Foivlv Days Hrs. Days Hours Days Hours

E. tesselfa

V90 P 6 13 ..

Ivioi N 4 23 .. ... -..

V102 N 5 19 ... i

V 103 N 4 20 . ....- I

,V140 P 7 4 6 3

V141 6 3

5 13 6 14

E. maxims

V38t 5
I

22 7 7

V 38t . 6 4

VlSI
V152 5 12

V 161
V162 .---

5 12

5 11 5 23

AM2043 15 6 4

AM2046 5 1 5 21

F. iflitis

V 119 .-- 5 0

V163
V164 4 22

5

23I
0

..............
------------

5 0 5 11

V178 ---- .-.. 5 0

AM2043 . 4 20 5 1

E. acervsilina

V149
V 150

3

----

23
----

4
3

17

23:

4 0 4 11

V 165 4 0 4 6

V166 4 0 4 6

Vi73 4 0 5 6

AM2043 .............
I

F. praccox
3 0 3 23i

3 2 3 16

AM2043 ............. 3 21 3 22

Cecal content
smears Fecal smear finings



Table 5. Days AFTER INGESTION OF SPORULATED OOCYSTS TI-tAT NEW OOCVSTS APPEAR tN FECES.5

F. acervUliflU. F. Initis

4 5

The minimum number of days noted.

Table 6. Gaoss DIAGNOSTIC CHASACTERISTICS FOLLOWING INFFCTION WITH LANGE NUMSERS
or Eimeria.

E. nulls S. intestine None Small'intestine feces nor-
mal or slight amount of
viscid material.

E. nia.rniia S. intestine Small hemorrhages in mucous sur- Small-intestine feces most-
face and sometimes showing to ly or entirely viscid. Oc-
serous surface. Moderate dilation casional flecks of blood and
of intestine, rarely large blood clots.

necati-ix1 S. intestine Considerable dilation of small in- Considerable blood from
testine. Numerous small and mod- small intestine.
erately large hemorrhages seen to
serous surface.

1 For location of lesions, see colunrn, "Location of Infection."
Viscid material may be salmon-colored, greenish, grayish, pinkish or brownish.

a Regarded as pathognomonic by Tyzzer.6
Mixed with other species of Elmer/a. Inoculations with known mixtures of F. ,mts.s, F.

acervulina, F. praecoE, .E. maxima and E. tenella do not produce conditions here des-
cribed for F. necatrix.

Tyzzer6 reports infection and lesions of small intestine anteriorly to vitelline vein.
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Species of Location of
Eamersia infection Lesions1 Character of feces2

acervui 5.5 S. intestine Sometimes grayish areas1 of mu- Small.intestine feces most-
cous membrane. Few to many ly or entirely viscid ma-
small hemorrhages seen to serous terial.
surface.

praecox-----S. intestine Few to many small hemorrhages Small-intestine feces slight
seen to serous surface, to moderate amount of

viscid material.

tenet/a I Ceca and Dilation of ceca. Numerotts small Cecal feces entirely blood.
rectum1 and moderately large hemorrhages

to serous surface of ceca and oc
casicnally rectum

F. ,itaviasa F. tone/la

6 7

F. fraecox

4



Since inoculation with E. mi/is, E. acervulina, E. praecox, F. maxima, and
E. tenella in the order named (AM2046, Table 7), could not determine what
would take place if the inoculations were reversed, AM2043 (Table 7) was
inoculated in reverse order.

With the exception of the first inoculation of AM2046 with E. mitis,
AM2043 and AM2046 continued to be inoculated with the various coccidial
species until direct smear examinations failed to reveal OOCyStS. Table 7
shows that AM2046 was inoculated with F. mi/is February 7. Inoculation
with this species was made later, occurring daily from August 13 to 20
inclusive, but smear examinations failed to reveal more than one F. ms/is
oocyst, which was noted August 17.

It cannot be stated that the one inoculation of AM2046 on February 7
definitely established absolute immunity or even a high degree of resis-
tance as there is a possibility that the inoculations with F. acervulina, E. praecox,
and F. maxima were in a measure responsible for failure to find more oocysts
of F. mi/is following the inoculation of August 13 to 20. Consequently a cock-
erel \Tl77, seventy-four days old, Table 3, inoculated with F. mi/is, July 26,
from which it developed infection, was inoculated with F. mi/is once daily
August 2, 3, and 4 and August 6 to 14, inclusive. Smears were made of small-
intestine feces August 12, 13, and 14two, three, and one on the respective
daysand no oocysts were found. August 14, V177 was inoculated with F.
acervulina, F. praecox, E. maxima, and F. tenella. Marked susceptibility was
shown to these four species as determined by the number of oocysts for the
first three and the amount of cecal hemorrhage for F. /enella.

No evidence of cross immunization among F. mi/is, F. ocervulina, E.
maxima, and F. praecox was noted in AM2043, AM2046 and V177. Inoculation
of AM2043 with E. tenella until no more oocysts were detected in the feces,
failed to prevent infection and production of large numbers of oocysts when
inoculated with F. maxima, F. praecox, E. acervulina, and E. mitis in the order
named. It may appear from the data in Table 7 that inoculation of AM2046
with F. mi/is, E. acervulina, E. praecox, and F. maxima in the order named,
immunized against F. /enella as no oocysts were found in the feces following
inoculation. There is the possibility, however, that AM2046 had developed
sufficient accidental infection with E. tenella in the past to become immune.
Judging from the comparatively small amounts of hemorrhagic cecal feces
voided by AM2043, following experimental inoculations, this fowl may have
become accidentally infected with F. /enello in the past and developed some
resistance. The view that accidental infection occurred in AM2043 is strength-
ened by the fact that this was the first species used to inoculate this fowl.
Past experience at this laboratory has repeatedly proved mature fowls highly
susceptible to this species and to have passed large amounts of hemorrhagic
cecal feces following inoculations. Accidental infection in AM2043 and AM2046
should not be entirely unexpected as the fowls were 846 and 900 days old,
respectively, when first experimentally inoculated with F. tenella. Their cages
for part of the molting period had i-inch mesh wire bottoms which did not
allow feces to fall through as readily as the rod bottoms later substituted. In
addition, other fowls, including some infected with F. tenella, were kept in the
same room during the entire lives of these two.

All coccidial suspensions used for inoculating AM2043, AM2046, and Vl77
were checked for pathogenicity by inoculating susceptible fowls after these
three had ceased to show oocysts in the fecal smears.

Tyzzer6 states slight infections with F. mi/is and F, acervulina may be
produced for extended periods by repeated inoculations. This has been observed
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by the writer in growing fowls but this was slightly if at all true of mature
fowls AM2043 and AM2046.

Young13 reports failure of a cage-reared fowl to develop immunity, or even
a high degree of resistance, following inoculations upon three occasions with
monthly intervals. Young quotes the writer ;3 "A high degree of resistance,
if not immunity, may be regularly developed by experimental inoculation" He
failed to call attention to two summary statements in this same publication, i.e.,
"one or more inoculations did not necessarily produce a clinically observable
resistance to a later inoculation," and "resistance to coccidial infection was
dependent upon the degree of infection as well as predilection of the parasite."
With these points in mind and considering the probability that Young was
dealing with more than one species, his results were not necessarily in contra-
diction to the principle of resistance or complete immunity following repeated
inoculations with a given species.

Self-limitation. The self-limiting nature of coccidiosis in the chicken
has been pointed16 out. Interpretation of the data in that publication, on the
basis of present information, leaves no room for doubt but that E. tenella was
involved. Other species were also probably present in part of the suspensions
but their identity in some instances remains in doubt. Tyzzer6 points out that
self-limitation applies to E. ni1is, E. acervulina, E. tenella, and E. maxima.

Table 7 shows self-limitation of the infection for E. mitis, E. praecox, E.
maxima, E. acervulina, and E. tenella. Finding E. acervulina oocysts on June 23
cannot conclusively be explained. The condition is not beyond theoretical expla-
nation and without signifying persistence of infection.

No evidence of repeated rise and fall in numerical production of oocysts
or other developmental forms was found from one inoculation with E. mitis,
E. tenella, E. maxima, or E. praecox comparable in cycles to the respective
incubation periods. Frequent fecal examinations provided considerable oppor-
tunity for obtaining information regarding this phase. The oocysts of E.
acervulina noted in the feces from AM2046, June 23 were not necessarily the
result of an inoculation occurring more than four or five days previously which
would be the regular prepatent period. The three scattered E. acervulina
oocysts from AM2046 probably were ingested ones or the result of accidental
reinfection.

Due to self-limitation of the disease it is sometimes impossible to find
coccidia in fowls that have been infected. E. tenella may be absent in smears of
cecal content and yet smears from the cecal mucosa reveal oocysts held there for
extended periods. The period of detecting E. tenella oocysts may therefore be
prolonged by examining scrapings of the mucosa. All oocysts of species develop-
ing in the small intestine may not be found in smears from this organ and yet
may be present in smears of cecal content.

Chronic coccidiosis. In view of the fecal findings of fowls AM2043,
AM2046, and others it is difficult to comprehend the common assumption that
coccidiosis is chronic. The lack of uniformity in using the term "chronic
coccidiosis" emphasizes the need for defining it.

Size of dose. As previously reported9 the dosage or number of spor-
ulated oocysts ingested has a distinct bearing upon the severity.of the disease.
While known pure cultures of given species were not used in those experiments,
a reinterpretation of the data presented leaves slight doubt that this work
definitely permits this interpretion for E. tenella and E. necatrix. Apparently
there has been found in the chicken no species of coccidia other than E. tenella
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Figure 5. A. Fatal .E. necattix infection. Dilation of duodenum (d to f) and first part of
free portion (1 to o). B. Intestine opened exposing content which was entirely hemor
rliagic. C. Mucous surface of Intestine exposed and showing grayish patches of exten-
sive E. acervulnia infection.

17



Fowl

AM20466

AM 204 33

1 Date of inoculation regarded as first dayall days refer to calendar days. One or more feces for each smear and one or more smears for each
examination. Unless otherwise specified, all smears (18 mm. cover glass) made from small-intestine feces and examined three times across low
power and three times high power. "Neg" followed by species symbol signified negative for that species but not all others.

AM2046 inoculated with .E. mitis daily from August 13 to August 20, 1930, inclusive, and daily fecal examinations up to August 21 revealed
one B. initi-s oocyst August 17evidently one fed but not sporulated.

3 Hatched February 26, 1928.
Excepting June 22, 23, and 25.
Excepting July 24.

6 About S to 10 oocysts per high power field.
One unsporulated B. tenella oocystprobably one given by inoculation.

8 Sporulated oocystprobably one given by inoculation.
FOFew oocysts.
MOModerate number of oocysts.
NONumerous oocysts.
1-0, 2-0, etci, 2, etc. oocysls.
lx hp, 2x hp, etci, 2, etc. times across an 18 mm. cover slip smear with 4 mm. objective.
lx tp, 2x ip, etci, 2, etc. times across an 18 mm. cover slip smear with 16 mm. objective.
Mi)E. nsitis.
A)B. acervulina.
P)E. Jiraeco.r.
Ma)E. maxima.
T)E. tinella.
Cecal feces used for smears.

NCSNo cecal smear made.
SISmall-intestine feces used for smears.
NegNo coccidial forms seen.

No smear examination.

18 19

Table 7. DATA ON CItOSS-iMMUNIZATION AND SELF-LIMITATiON.

Thir- Four- Seven- Eight. Nine- Twen.
First Second Third Fourth Fifth Sixth Seventh Eighth Ninth Tenth Eleventh Twelfth teenth teenth Fifteenth Sixteenth teenth eenth teenth tieth

Species Date day day day day day day day day day day day day day day day day day day day day

E. mitis 2-7-30 MO (Mi) MO (Mi)

5-31-30 Neg Neg Neg Neg NO (A) NO (A) 47-0 (A)
lxhp

40-0 (A),1
txhp

Neg Neg Neg 1-0 (A)

E. acervuhna 6-21 to Neg 164-0 1-0 (A) Neg Neg Neg Neg
6-29.30 (A),

lx hp
7-16 to Neg 1-0 (A) Neg Neg Neg Neg 'Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg
7-19-30

I

H - (A) (A) (A) (A) (A) (A)

&praecox
7-2210

8-3-30
Neg Neg Neg Neg 30-0 (P),

lxhp
255-0 (P)

lxhp
300 to

500-0 (P),
perip

40-0 (P),
lxhp

143-0
(P),
lxhp

88-0
(P),
lxhp

Neg Neg Neg Neg Neg Neg Neg Neg
Ne
(P)Neg

E. maxima 8-4. 8-7 t.- Neg Neg
8-13-30 Neg Neg Ncr Neg Neg Neg FO (Ma) FO (Ma) MO6 (Ma) Neg Neg Neg Neg (Ma)2 (Ma)7 Neg Neg

E. tenejla 8-1410 Neg 1-0(T)7 Neg Neg Neg Neg I

8-20-30 Neg Neg Neg (T)2 C and SI C and SI C and SI C C -

6-21, 6-24 Neg C Neg C Neg C 61-0 (T) NO
to

IB. tenella 6-30-30 I

7-l6and Neg i-05(T) NegC NegC NegC NegC Neg(T) NCS NCS NCS NCS NCS NCS NCS NCS NCS NCS NCS
17-30 C C C

7-17 to 23
I

(T) Neg Neg Neg NO (Ma) 12-0 (Ma) 6-0 (Ma) Neg Neg Neg Neg Neg (Ma) Neg (Ma) Neg (Ma) Neg(Ma) Neg Neg Neg
E. maxsma and C C

I

7-25-30

B. praecox 7-26 to
8.330

Neg Neg Neg Neg 3-0 (P) 19-0 (P),
3x ip

132-0 (P),
ix hp

150-0 (P),
ix hp

Neg Neg Neg Neg I Neg
(p)

Neg
(P)

Neg
(P)

Neg
(P)

Neg Neg Neg Neg

8-3 and Neg Neg Neg 37-0 (A) 300-0 30-0 (A) 4-0 (A) Neg Neg Neg Neg Neg Neg Neg Neg Neg (A) Neg (A) Neg
B. acervulsna 8-7 to 3x ip (A) Ix per hp

8-13-30 lip field I

B. métis 8-13 to Neg Neg Neg Neg Neg 18-0 (Mi) 2-0 (Mi) Neg
8-20-30 3x hp

Inoculation Fecal findings1



20 AGRICULTURAL EXPERIMENT STATION BULLETIN 358

that causes extensive cecal hemorrhage and none other than E. necatrix that
consistently causes extensive hemorrhage from the first portion of the small
intestine, following large doses. Some of the inoculations in these experiments
undoubtedly contained mixed species.

Tyzzer8 suggests that infection depends on dosage, that infections from
one or a few oocysts produce neither symptoms nor gross changes in the
intestine, and that slight infections with a few oocysts are not sufficient to
protect against massive doses of the same species. While this is true to some
extent, exceptions may occur. In one instance bloody cecal feces resulted from
feeding five sporulated E. tenella oocysts, March 29. A culture was made with
feces from this fowl nine days after inoculation. April 9, the fowl was again
inoculated with approximately twenty-five oocysts from the above culture, then
about sixty hours old. No symptoms followed and no oocysts were found in
the cecal feces 6, 7, 8, and 9 days following inoculation. On May 8, it was given
approximately fifty oocysts from the same culture and numerous oocysts were
seen in the cecal smears May 15; 250 were counted in one time across the field
under high dry magnification. The cecal feces appeared normal to gross
examination. On May 20, this fowl was given a small drop, approximately
2,000 to 3,000 oocysts of the same culture, and death occurred May 27 from
E. tenella infection. The ceca were distended with blood.

Inoculation of cockerel eighty days old, with fourteen E. maxima oocysts
resulted in moderate numbers of oocysts on the seventh day. A culture was
prepared with the feces at this time and the fowl given a large number of
oocysts from this cultbire eleven days after the first inoculation. Six days later
oocysts in distinctly greater numbers were seen than from the dose of fourteen
oocysts and the feces consisted of a much greater amount of viscid material.
While this does not establish definitely that the size of the dose was the deter-
mining factor, it nevertheless indicates this. Experimental inoculations with
single E. praecox oocysts resulted in much smaller numbers of oocysts in the
feces than when large doses were given. Observation indicates that the severity
of E. acervulina infection is affected by the size of the dose.

Symptoms and lesions. Species, dosage, susceptibility, and the time
between inoculation and death are directly related to symptoms and lesions,
which consequently vary considerably in fowls infected with the same
species. The following inoculations in the main characterize the symptoms,
course, and lesions for the six species of Eimeria following heavy dosage with
pure cultures, with the exception of E. necatrix, which was mixed.

E. tenella. May 20, a cockerel eighty-two days old was inoculated,
on May 26 was inactive, feces contained pure blood, and he died on May
27 between 11 am, and 1 p.m. At autopsy the ceca were distended with blood
clots and hemorrhages showed to the serous surface. There was no blood in
the content or hemorrhages to the serous surface in any part of the small in-
testine. Microscopic examination of cecal smears revealed E. tenella oocysts
and large merozoites.

E. maxima. August 4, a cockerel seventy-six days old was inoculated,
was active up to the end of the seventh day, and died the eighth day. Other
young fowls similarly inoculated survived the attack in all instances. At autopsy
the small intestine was dilated almost the entire length, especially the last part,
and showed faint hemorrhages to the serous surface, which was a purplish color
where most severe. The lower small-intestine wall was thickened. Almost the
entire mucous surface of the duodenum was a bright red, which color extended
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Unsporulated sbove. Sporulated below. Eimeria tenella oocysts. X900.

Unsporulated above Sporulated below. Eimeria maeima oocysts. X900.

Figure 6. Unretouched photonsicrographa of unsporulated and sporulated oocysts.
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the length of the small intestine though less pronounced beyond the duodenum.
Gross examination revealed no blood in the intestinal content but an abundance
of viscid mucus, grayish, brownish and pinkish in color. Microscopic examina-
tion showed numerous E. maxima oocysts.

E. acervulina. July 26, a cocicerel sixty-seven days old was inoculated.
There was no apparent droopiness and he was killed at the end of the sixth day.
At autopsy numerous hemorrhages were seen through the serous surface of
the duodenum and the first part of the free portion of the small intestine and
almost none in the last part of the small intestine. Small-intestine content con-
sisted of grayish viscid mucus and undigested food, without a trace of blood.
Smears of duodenal content contained moderate numbers of E. acervulina.

E. praecox. July 26, a cockerel sixty-seven days old was inoculated,
showed no droopiness and was killed early the seventh day. At autopsy
moderate numbers of hemorrhages showed to the serous surface of the duo-
denum and first part of the free portion of the small intestine. Intestinal
content showed no trace of blood and a smear of duodenal scrapings showed
typical E. praecox oocysts.

E. snitis. July 26, a cockerel sixty-seven days old was inoculated,
showed no droopiness and was killed at the end of the fifth day. At autopsy the
only gross lesions noticed were five small reddish blotches to the serous surface
of the small intestine. These lesions are seldom found with this species. Smears
of small intestine scrapings showed E. mills oocysts.

E. necatrix (mixed with other species). November 11, 4 p.m., a cock-
erel five months old was inoculated; November 17, was droopy all day, and was
found dead November 18 at 8 am. At autopsy the small intestine was dilated,
particularly the free portion and numerous hemorrhages showed to the serous
surface with comparatively few in the duodenum. The duodenum had slightly
bloody content and the free portion of the small intestine was distended with
blood. A smear of scrapings from the middle of the free portion of the small
intestine showed numerous large merozoites and schizonts typical of F. neca-
trix infection.

Tyzzer6 reports infection of the small intestine up to the vitelline vein with
F. tenella. In this laboratory it is very seldom that gross examination of F.
tenella-infected fowls show blood anterior to the ceca and in those instances it
may be due to the reverse peristalsis. Sectioning of the last part of the small
intestine will be required to definitely establish this point, especially for the
culture at this laboratory.

Grayish areas, Figure 5, C, in the mucous membrane of the small intestine
have for years been noted by the writer to be accompanied by coccidial infection.
Tyzzer states this lesion to be pathognomonic for E. acervulina infection.
This lesion is not constant and when it does occur is accompanied by large
numbers of oocysts.

Infections following large doses of E. ,nitis, F. praecox, E. acervulina, and
E. maxima are accompanied by an excess of viscid mucus in the small-intestine
feces. Only a small amount occurs from normal fowls. This material may be
reddish, brownish, pinkish, grayish, or greenish in color. It appears that an
increased amount is eliminated from the small intestine with F. tenella also but
with no developmental forms of this species present in the material. Poisoning
with an arsenical preparation also causes the small intestine to produce similar
material. The amount is commonly so pronounced following large doses of



Unsporulated above. Sporulated below. Einieria acervulina 000ysts. X900.

Unsporulated above. Sporulated below. Eimeria paecox oocysts. X900.

Figure 7. Unretouched photomicrographs of unsporulated and sporulated 000ysts.
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Ijnsporulated above. Sporulated below. Eirneria mits OOCystS. X900.

Unsporulated above. Sporulated below. Eimeria necatrix oocysts. X900.

Figure 8. Unretouched photomicrographs of unsporulated and sporulated oocysts.
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K maxima, E. acervulina, E. mitis, and E. praecox that severity of the infection
and the degree of elimination of oocysts can be fairly accurately determined by
the amount of viscid mucus in the small-intestine feces.

The following observations serve better to illustrate the findings pertaining
to the vjscjd feces referred to above. Unless otherwise stated, it is understood
that smallintestine feces are involved in the discussion to follow with reference
to fowls AM2046 and AM2043.

Fowl AM2046 (Table 7), inoculated with E. acervulina, May 31, was passing
abundant feces June 3, which were firm enough to retain their shape and con-
sisted almost entirely of the customary coarse material and very little or no
viscid mucus. June 4, the feces were less abundant and some spattered. Fecal
smears showed no oocysts on June 3 or 4. On June 5, four days and ten hours
after inoculation, the feces were very noticeably scant and the appetite had
diminished accordingly. Practically all the feed given the evening before
remained. Viscid, greenish mucus in slight amount was readily seen and a
smear showed scattering oocysts of pure K acervulina, twenty-six of them in
one time across the cover glass with the high dry lens. From four days and
nineteen hours after inoculation to five days and fourteen hours after, this
fowl excreted but five scant feces and these were almost entirely viscid, green-
ish mucus. At the end of the sixth day oocysts were numerous. Appetite was
still not normal. Six days and fourteen hours after inoculation the most recent
feces were distinctly more abundant and contained very little or no viscid
material. A smear made five hours later indicated a marked reduction of oocysts
excreted. From this time on the appetite- improved rapidly, amount of feces
increased, the viscid mucus decreased until on the eighth day feces were almost
normal. No droopiness was detected at any time.

Inoculation of AM2046 with E. maxima on August 4 and August 7 to 13,
inclusive, was followed by a decrease in the total amount of feces and an increase
in the amount of viscid mucus in those excreted five days and one hour after
inoculation to five days and twenty-one hours after. The last feces were either
all viscid or almost so and greenish or grayish in color. A smear at this time
showed scattering oocysts. Of seven feces excreted between five days and
twenty-one hours and six days and three hours, four were entirely viscid and
three completely coated. It is common at certain stages of infection, particularly
with K acervulina, E. praecox, E. mitis, and E. maxima for the feces to be
encased in viscid mucus comparable to casing covering sausage. The viscid
material on the seventh day was grayish, greenish, and brownish and constituted
almost the entire feces. A distinctly putrid odor was noted the eighth day. Feces
continued viscid until the end of the eighth day when the last two indicated
return to normal by containing coarse material. On the ninth day the fowl
was eating well. It had been active throughout the period although the appetite
had decreased markedly for a time. Examination of smears on the eighth day
showed a moderate number of oocysts.

Bloody feces are prominent with severe E. tenella and E. necatrix infec-
tions. None of the other species cause comparable hemorrhage. Infection with
E. maxima mixed with other species, excluding E. tenella and E. necatrix, was
on one occasion (a mature fowl) accompanied by large clots of blood in the
feces. Customarily following infection with E. necatrix alone, the small-intestine
feces or small-intestine content contain small flecks of blood or none, visible
to gross examination. Hemorrhagic feces or intestinal content have been found
with E. mi/is but not with K praecox or E. acervulina infections.
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Figure 10. A pen in the house showing wire-mesh floor, chick hover, and feed and water
hopper. Asphalt paper is used under the hover for the first few days.

Figure 11. Same pen showing perches and their approaches when heat is no longer needed.
Eeed and water containers are no longer in the room but in the subhahlway completely
and tightly covered from outside Contamination.



Figure 12. Same pen arranged for maturing fowls showing full roos ing space and access to
trap nests under the roosts and fly screened porch with wire-meshed floor and accessory
feed and water containerS tightly covered from outside contamination.

II

Figure 13. Battery cage providing individual compartments for eleven fowls. Cups on the
outside are shell and 5-i-it containers. Individual feed and water vessels are in place.
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E. necatrix infection may occur throughout the small intestine. With
respect to producing dilation of the small intestine it resembles E. naxina more
than any other species attacking this organ. The schizonts of E. necatrix are
larger than those of any species attacking the first part of the small intestine,
develop in colonies at the base of the mucous membrane and appear as grayish
spots to the serous surface. Dilation of the small intestine, accompanied by
hemorrhages which customarily show through to the serous surface of the
anterior portion and hemorrhagic content are prominent characteristics of
severe E. necatrix infection (Figure 5, A, B). This species is distinctly the
most pathogenic of any attacking the chicken, regardless of age. Cases of E.
necairix infection have been encountered where it appeared to have caused
death and was not accompanied by hemorrhage. E. necatrix has been lost
several times at this laboratory under storage conditions withstood by other
species for much longer periods. Less than 2.5 per cent potassium bichromate
solution appears to be more suitable.

Table 6 summarizes the more prominent characteristics of the six recog-
nized species of coccidia and although they are not constant they should serve
as a differentiating guide. (Figures 6, 7, 8).

Control. Apparently no treatment has been established as an effective
means of coccidiosis control for any host. Milk feeding has been reported
as of value, but with our present knowledge it appears untenable to consider
it so for coccidiosis in general but probably as an aid in the control of E. tenella
infection. It appears very probable that E. tenella was included in experiments
to determine the value of milk. Seemingly no attempts have been made know-
ingly to determine the value of milk against the various species.

It is generally believed that lactic acid is destructive to coccidia but this has
not been definitely established. Beach19 reports an increase in pH of the cecal
content when milk or lactose constitutes a sufficient percentage of the ration.
Beach and Davis report less mortality among experimentally inoculated fowls
fed liberally of milk or lactose than among inoculated controls. This difference
in mortality cannot be definitely attributed to increase in pH and direct effect
of this upon coccidia. Controlled experiments7 have demonstrated that milk
feeding increases the consumption of water and changes the content of the
ceca and the character of the feces. The effect of milk may in part, at least,
be due to reducing the size of the dose by mechanically flushing the digestive
tract and removing sporulated oocysts with their sporozoites.

With the chicken susceptible to at least six species of coccidia and as
expected in nature, infection occurring at irregular times, in part of a flock at
a time, and at any time from chick stage into maturity, it seems inconceivable
that a treatment can be considered an important means of control unless it is
highly effective, practical, and economical to apply for indefinite periods. Milk
treatment has been found wanting from the standpoints of effectiveness in
controlling E. tenella infection, economy, and nutrition.

Data in Table 7 demonstrates susceptibility to E. initis, E. praecox, K
acervulina, E. maxima, and E. tenella in fowls over two years of age. Suscepti-
bility of fowls over one year of age to Eiineria infection, which it is now
apparent involved E. necairix, has been reported.' Bearing in mind the wide-
spread distribution of coccidia, that complete immunity or resistance has only
been demonstrated to develop through coccidial infection, that the size of the
dose is a determining factor in the severity of the disease and that susceptible
mature fowls are distinctly adversely'1 affected by at least five species, E. nvitis,
E. acervulina, E. maxima, IL lenella, and E. necatrix of coccidia, it seems
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Figure 14. Group cage providing individual conipartrnents for four fowls.

TABLE TOP
FIVE-PLY VENEER

3"SWIVEL CASTORS
RUBBCR TIRES

24 - 24 -

0

Figure 1. Portable table, provided with rubber-tired swivel casters and five-ply veneer top
on which cages (Figures 1 and 2) stand, is easily moved and is of Convenient size and
working height.

30



obvious that slight infections during the rearing period are desirable. This
is in accord with the view expressed by Tyzzer6 in which he regards infections
resulting from the ingestion of an occasional oocyst as more favorable to the
successful rearing of chickens. Investigations by the writer pertaining to avian
coccidiosis have been from their inception conducted with the above thought
uppermost in working out an ultimate solution of the problem.

The writer pointed9 out several years ago that the value of the highly arti-
ficial methods of brooding and rearing being developed for the control of
coccidiosis could not be determined without studying their relationship to
resistance. Advocates of such methods appear to ignore available information
on this phase.

Data in Table 7 emphasizes that the combined use of wire yards and wire
floors in the brooding and rearing houses is a dangerous practice. Under such
conditions fowls may be reared to maturity highly susceptible to coccidial
infection and discontinuance of these rigid sanitary methods at maturity
invites disaster. It will be recalled from the discussion of data obtained from
the inoculation of AM2046, Table 7, that the appetite of the fowl was seriously
upset by the infection and at a time when it was more than two years of age.
Development of coccidiosis in mature fowls may then be expected to result in
loss of fowls of greater value as well as egg production.

The viewpoint that actual inoculation of young stock on poultry farms, as a
control measure, is becoming more valid as the facts regarding coccidiosis are
ascertained.99 Nature's method seems to leave too much to chance to prove
satisfactory. The recommendation to purposely infect by actually feeding
oocysts involves a rather complicated procedure, the various angles of which
must first be approached experimentally. The multiplicity of coccidial species
certainly complicates the solution.

SUMMARY

Six species of coccidia infecting the chicken are described: Einieria
tenella Raillet and Lucet, Eimeria maxima Tyzzer, Eimeria acervulina
Tyzzer, Eimeria miti.c Tyzzer, and two new species for which Eimeria
praecox and Eiineria necatrix have been proposed.

The average measurements in microns of fifty sporulated oocysts for each
species were: 13.7 by 15.0, E. Initis; 13.8 by 18.0, E. acervulina; 17.5 by 23.7,
E. enella; 20.6 by 238, E. praecox; and 22.9 by 30.4, E. maxima.

The average measurements in microns of nine schizonts of E. necatrix
selected from a large number, were 49.2 by 63.1.

E. tenella proved pathogenic with 24 hours or less sporulation, E. acervulina
in 18 to 24, E. mitis and E. praecox in 24 to 36, and E. maxima in 36 to 48.

The minimum prepatent period observed for E. raecox, E. acervulina, E.
mitis, E. maxima, and E. tenella vas 4, 4, 5, 6, and 7 days, respectively.

Self-limitation of infection occurred with E. initis, E. acervulina, E. praecox,
E. maxima, and E. ten ella.

Immunity or a high degree of resistance was established against E. mitis,
E. acervulina, E. praecox, E. maxima, and E. tenella.

CocciDlosis OF THE CHICKEN 31



32 AGRICULTURAL EXPERIMENT STATION BULLETIN 358

Distinct susceptibility was demonstrated to E. tenello, E. niaxinia, E. prae-
cox, E. ace-rvulina, and E. mitis in the same fowl, inoculated in the order
named. A second fowl, inoculated in reverse order, showed distinct sus-
ceptibility to all except E. tenella, which was probably due to previous
accidental infection with this species.

With large dosage, E. necatrix and E. tenella showed extensive hemorrhage
from the small intestine and ceca respectively; E. maxima showed slight
hemorrhage and considerable viscid mucus from the small intestine; E.
mitis and E. praecox showed slight and moderate amounts, respectively,
of viscid mucus from the small intestine.

Laboratory-reared fowls, between two and three years of age, were dis-
tinctly susceptible to E. nsitis, E. acervulina, E. praecox, E. nsaxima, and
E. tenella. Infection was accompanied by loss of appetite and markedly
abnormal small-intestine feces when inoculated with E. acervulina and
E. maxima.

The data offer discouragement to the practice of raising fowls to maturity
free of coccidiosis.
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