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TRANSPORT OF EIMERIA NECATRIX SPOROZOITES IN
THE CHICKEN: EFFECTS OF IRRITANTS
INJECTED INTRAPERITONEALLY

M. A. Al-Attar* and M. A. Fernando
Department of Pathology, University of Guelph, Guelph, Ontario, Canada N1G 2W1

ABSTRACT: Light and electron microscopic observations confirmed that Eimeria necatrix sporozoites first enter
villous epithelial cells of the chicken small intestine and are transported to the crypts by mononuclear cells.
Ultrastructurally, these cells resemble granulated intraepithelial lymphocyies (IEL) rather than macrophages, as
suggested previously. The injection of chickens intraperitoneally (1.p.) with a variety of irritants, including
protcose peptone, at the time of oocyst mnoculation or up to |12 hr postinoculation (PI) resulted in a delay in the
arrival of sporozoites at the crypt. Significantly fewer sporozoites had arrived at the crypt by 24 hr Pl in 1.p.-
injected birds as compared to controls. This delay in the arrival of sporozoites at the crypts was reflected by a
delay in the development of intestinal lesions and in peak oocyst production. However, there was no significant
decreasc in the total numbers of cocysts produced by these birds as compared to controls, indicating that no
significant loss of sporozoites occurs during the possible rerouting of the parasites.

The presence of infective stages in extraintestinal sites was detected by transferring various tissues to coccidia-
free recipients. Infection was transferable by gut, liver, and spleen from irritant-injected and control birds at all
time intervals studied (12, 24, 36, and 48 hr PI). Infection was also transferable with blood and kidney, but not
consistently. A small number of cocysts was passed by the recipients of peritoneal wash from irritant-injected
birds at 12 hr PL In all transfers, the prepatent period was normal, suggesting that the migrant stages are
sporozoites.

First-generation meronts of the coccidia, Ei- ly, the granulated intraepithelial leukocytes de-
meria acervulina, E. maxima, E. mitis, E. ne- scribed by Lawn and Rose (1982). We also show
catrix, and E. tenella develop in crypt epithelial that the injection of an irritant substance intra-
cells of the chicken gut. Light microscopic ob- peritoneally into chickens at the time of oocyst
servations by several authors indicate that the inoculation causes a delay in the arrival of the
sporozoites of E. acervulina, E. necatrix, and E.  sporozoites at the crypt. Initially, these intra-
tenella first enter surface epithelial cells and are  peritoneal irritants were used for a different pur-
transported to the crypts via the lamina propria  pose detailed below. Intestinal lesions in E. ne-
by cells resembling macrophages (Van Door- catrix-infected chickens occur during the
ninck and Becker, 1957: Challey and Burns, 1959; development of second-generation meronts, 3-
Patillo, 1959; Doran, 1966). More recently, Lawn 6 days postinoculation of oocysts. Stockdale and
and Rose (1982) confirmed that E. tenella spo- Fernando (1975) found heavy heterophil infil-
rozoites first enter surface enterocytes but pre- tration of the infected areas of the gut during the
sented ultrastructural evidence to show that host development of second-generation meronts and
cells transporting the sporozoites from surface to  suggested that these cells may be partly respon-
crypt epithelium are not macrophages but resem-  sible for the lesions. In preliminary experiments
ble those designated as granulated intraepithelial  we tried to modify the lesions by redirecting het-
lymphocytes. The intraepithelial lymphocyte has  erophils into the peritoneal cavity with irmntant
also been implicated as the host cell in which the  injections as described by Trifonov et al. (1977).
first-generation meront of the turkey coccidium  However, we report in this paper that irritants
E. dispersa develops to maturity (Millard and  given intraperitoneally did not alter the intestinal
Lawn, 1982). lesions seen 5 days postinoculation, but instead

In experiments described here, we confirm that  interfered with the early part of the life cycle, i.e.,
the sporozoites of E. necatrix are transported the arrival of sporozoites at the crypt. This led
from villous to crypt epithelial cells by host us to investigate further the effects of intraperi-
mononuclear cells that resemble, ultrastructural-  toneally injected irritants on the transport of spo-
rozoites including the possibility that they are
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rensic Medicine, College of Veterinary Medicine, detected by the ability of these tissues to induce
University of Baghdad, Al-Amena, Iraq. infections in coccidia-free recipient chickens.
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MATERIALS AND METHODS

White leghorn chickens, 4-10 wk of age, were used
in all experiments. They were reared coccidia-free and
provided drug-free food and water ad libitum.

The Guelph strain of Eimeria necatrix was used for
inoculating chickens and the oocyst cultures were less
than 4 wk old at the time of inoculation. Chickens were
inoculated with sporulated oocysts by intubation of the
crop.

Histological examination

For counting sporozoites in histological sections, in-
testines were placed in Bouin’s fixative, and longitu-
dinal pieces, approximately 1 x 0.3 cm, were embed-
ded in methacrylate. Two-um-thick sections were
stained with hematoxylin and acid fuchsin as described
by Peirce (1980). From each intestine 3 pieces were
routinely processed for counting, | each from the fol-
lowing areas: A, immediately distal to the duodenum;
B. halfway between the duodenum and Meckel's di-
verticulum; and C, immediately above Meckel's di-
verticulum.

For all other purposes intestines were fixed in 10%
formalin in 0.1 M phosphate buffer, pH 7.4, and par-
affin sections (5 um thick) were stained with hematox-
ylin and eosin.

For electron microscopy, a piece of intestine | cm
square from area B, as described above, was pinned
onto a flat piece of rubber, washed free of debris with
cold phosphate-buffered saline, pH 7.2 (PBS), and im-
mersed in cold (4 C) fixative containing 2% glutaral-
dehyde and 2.5% paraformaldehyde in 0.1 M phos-
phate buffer, pH 7.2. After approximately 15 min, the
fixed tissue was removed from the rubber, cut into
pieces 1-2 mm square, and placed in fresh hixative.
Selected pieces of tissue were postfixed in 1% osmium
tetroxide in phosphate buffer, dehydrated, and embed-
ded in Spurr’s resin. One-gm-thick sections were stained
with methylene blue for light microscopic evaluation.
For electron microscopy, gold or silver sections were
stained with uranyl acetate and lead citrate.

Irritants injected intraperitoneally

The effectiveness of several substances was explored
for this purpose. Proteose peptone and thioglycollate
broth were used as soluble nonparticulate irritants and
2% hydrolysed starch and 1% Sephadex G75 (Phar-
macia) were the particulate irritant substances used
(Long and Rose, 1976). Ten percent proteose peptone
(Difco Laboratories) in 0.9% NaCl was sterilized in an
autoclave prior to use (Trifonov et al,, 1977). De-
pending on their age and size, each bird received 7-12
ml of oocysts intraperitoneally (1.p.) at various times
postinoculation (PI) as indicated.

Lesion scores

The seventy of gross intestinal lesions was scored on
an ascending scale from 15 in birds killed 5 days PI:
| = Presence of meront nests, seen as white foci from
the serosal surface, and/or petechial hemorrhages; 2 =
1 + congestion and/or thickening of intestinal wall;
3 = 2 + ecchymotic hemorrhage in mucosa; 4 = 3 +
fibrin and mucous exudate in lumen; 5 = 4 + blood
clots and/or casts in lumen.

Statistics

Where indicated, Student’s r-test was used for sta-
tistical analyses of significance and P < 0.05 was re-
garded as significant.

Preparation of donor tissues for transfer
to recipient birds

Blood, peritoneal washings, mucosa from the small
intestine, and liver, spleen, and kidneys from donors
were transferred to uninfected recipients by oral in-
oculation via the crop. Blood was withdrawn from the
donor birds before they were killed and the various
organs and tissues processed, as indicated below, for
transfer.

Blood: Ten milliliters of blood was withdrawn by
heart puncture 1nto a syringe containing heparin such
that the final concentration in the blood sample was
10 TU/ml. This blood was inoculated orally via the
crop into a recipient bird,

Peritoneal wash: The peritoneal cavity was washed
twice with 10-ml portions of PBS containing 2-4 U
of heparin per ml, The washes were combined and
centrifuged at 500 g for 10 min. The pellet was resus-
pended in 2 ml PBS and inoculated orally into a re-
cipient bird.

Gut: The mucosa of the small intestine, from the
end of the duodenum to Meckel's diverticulum, was
scraped with a glass microscope slide, suspended in 5~
10 ml PBS by passing several times through an 18-
gauge needle attached to a syringe, and inoculated oral-
ly into a recipient bird.

Liver: The gallbladder was removed and the whole
liver homogenized in PBS using a blade-type homog-
cnizer (Omnimixer). The homogenate was brought up
to a total volume of 40 ml and 5 ml of this homogenate
was inoculated orally into a recipient bird.

Spleen: The spleen was homogenized in 2-5 ml PBS
in a Dounce tissue grinder with a loose-ftting pestle
and inoculated orally into a recipient bird.

Kidneys: The kidneys were similarly homogenized
in 5-10 ml of PBS and inoculated orally into a recipient
bird.

Design of experiments

The effects of several irmtants injected intraperito-
neally on the severity of the intestinal lesions (as in-
dicated by lesion scores), development of meronts,
transport of sporozoites from villous to crypt epithe-
lium and to extraintestinal sites, and on oocCyst pro-
duction were investigated in birds mnoculated with
sporulated oocysts. Birds inoculated with oocysts per
os, and given | or more irritant injections intraperi-
toncally, will be referred to as irritant-injected birds
and birds inoculated per os at the same time and with
similar doses of oocysts but not given any intraperi-
toneal irritant injections will be referred to as control
birds.

Lesion scores. Three experiments were performed
to determine the effect of irritants given 1.p. on the
intestinal lesions in E. necatrix-infected birds as judged
by lesion scores. In expennment 1, 12 chickens were
each inoculated with 1.4 x 10° sporulated oocysts and
divided into 2 groups. The 7 chickens in group 1 served
as irritant-injected birds and were each given 10 ml
proteose peptone i.p. at the time of inoculation and at
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Lesion scores of chickens injected intraperitoncally with proteose peptone and those of controls.
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Expt. 2

12 hr

Controls |. P. Injected

Each bar represents 1 chicken. In experiment 1, each chicken received i.p. injections of proteose peptone at (),
24, 48, 72, and 96 hr PL In experiment 2, chickens in one group received an L.p. injection at O hr PI and those
in the other group at 12 hr PI (1 chicken in this group died 2 days PI of an unrelated cause). All chickens were
inoculated with 1.4 x 10° Eimeria necatrix oocysts and killed § days PIL.

24. 48, 72, and 96 hr PI. The 5 chickens in group 2
served as control birds. All chickens were killed at 5
days PI, their intestinal lesions scored, and a piece from
area B (as defined carlier) of each intestine fixed for
light microscopy.

In experiment 2, 12 chickens were each inoculated
with 1.4 x 10° sporulated oocysts and divided into 3
equal groups. Chickens in groups | and 2 served as
irritant-injected birds and were cach injected 1.p. with
10 ml of proteose peptone at 0 and |2 hr PI, respec-
tively. Birds in group 3 were the control birds. All
chickens were killed 5 days PI and processed as de-
scribed for experiment 1.

In the third experiment, 20 chickens were cach in-
oculated with 1.5 x 10° sporulated oocysts and divided
into 4 equal groups. Chickens in groups 1, 2, and 3
received 10 ml of the irritants, starch, thioglycollate
broth, and Sephadex, respectively, as an 1.p. injection,
at the time of oocyst inoculation. Group 4 served as
control birds. All chickens were killed 5 days PI and
the intestines processed as described in experniment 1.

Development of meronts: The results of the previous
experiment showed that irritant-injected birds had lower
lesion scores at S days PI and preliminary histological
examination of their intestines indicated that the sec-
ond-generation meronts were at the 72-hr rather than
the 120-hr stage of development. To explore this find-
ing further the following experiment was performed.
Four groups of 5 chickens each were inoculated with
| x 10° sporulated oocysts. Chickens in groups 1, 2,
and 3 served as irritant-injected birds and received 12
ml protecose peptone at 0, 24, and 48 hr P, respectively.
Those in group 4 served as control birds. All chickens
were killed 72 hr PI and the intestines fixed and pro-
cessed for light microscopy as described above. From
each intestine a total of 300 crypts in 3 histological
sections of arca B were analyzed for the presence of
early second-generation meronts.

Sporozoite transport: The first expenniment was de-
signed to investigate the migration of sporozoites from
the surface 10 the crypt epithelium and the second to

determine whether sporozoites migrated extraintesti-
nally. In both experiments the effects of the irmitant,
proteose peptone, injected 1.p. at the time of oocyst
inoculation were investigated. The presence of viable
sporozoites in various tissues was determined by the
ability of these tissues to induce infections in coccidia-
free chickens.

In the first experiment, 24 birds were each injected
1.p. with 12 ml of proteose peptone at the time of oocyst
inoculation (irritant-injected) and |8 served as control
birds. All birds, except those killed at 3 hr PI, were
inoculated with 5 x 10° sporulated oocysts. The latter
birds were given 1.2 x 107 oocysts. Four irmtant-in-
jected and 3 control birds were killed at 3, 6, 12, 18,
24, and 48 hr PI. A piece from area B of each intestine
was processed for electron microscopy and the rest of
the intestine was placed in Bouin's fixative and pro-
cessed for the counting of sporozoites as described ear-
lier. The number of parasites in 300 crypt-villus units,
and their nature and location were analyzed for each
intestine.

In the second set, 8 donor chickens were each in-
oculated with 10 x 10 sporulated oocysts and divided
into 2 groups. The 4 chickens in group | (1imtant-
injected) received 10 ml of proteose peptone intraper-
itoneally at the uume of oocyst inoculation and the 4
in group 2 served as control birds. Two donor birds,
1 from cach group, were killed at 12, 24, 36, and 48
hr PI. From each donor, blood, peritoneal washings,
gut, liver, spleen, and kidneys were fed to 6 different
recipient birds as described earlier. Recipient birds were
starved for 16 hr and were each given 1 g of an alkah
powder (calcium carbonate 40%, magnesium tnsilicate
1 7%, and colloidal kaolin 43%) in 1.5 ml of water orally
via the crop 10 min prior to the inoculation of tissues,
The alkali was given 1o ncutralize the gastric acidity
that might otherwise harm or even lyse the sporozoites
(Horton-Smith and Long, 1956). The birds were cach
housed in a separate cage, allowed food and water ad
libitum, and all feces passed during cach 24-hr penod
beginning on day 6 after the inoculation of donor tis-
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TasLe . Effect of intraperitoneal irritant injections administered at various time intervals postinoculation on the

development of Exmeria necatrix in chickens.

Intrapentoneal impection of 10 ml protleose peptone gaven at vanous hours Pl

0

—

24 48 C omr;l

Mean numbers of infected crypts = | SD*

048 + 1.07

139 £ 9.46 19.77 = 6.0 14.89 £ 6,01

* Crypts infected with carly second-gencration meronis per 300 crypts per bird. All birds inoculated with 1 4 x 10° oocysts and killed at 72 hr PL

suecs were collected. A sentinel recipient, fed the alkali
powder only, was included for each ume interval to
monitor extraneous infection. The total number of
oocysts in each 24-hr fecal collection was determined
by the method of Long and Rowell (1958). This ex-
periment was replicated 3 times.

Effect of irritants on oocyst production: Because ir-
ritants injected intraperitoneally delayed the matura-
tion of second-generation meronts, the following ex-
periments were performed to determine whether oocyst
production was similarly affected by the irmtants. Three
experiments with oocyst doses of 1 x 10°, § x 107,
and 2.5 x 10* were performed. In the first, 10 birds
were each inoculated with 1 x 10 oocysts and 5 of
these given 15 ml of the irritant proteose 1.p. at the
time of oocyst inoculation. The other 5 served as con-
trol birds. In the second experiment, 8 birds were each
inoculated with 5 x 10’ oocysts and 4 of them given
10 ml of the irritant proteose peptone i.p. at the time
of oocyst inoculation. In the third experiment, 20 birds
were ¢ach moculated with 2.5 x 107 oocysts and 10
were injected i.p. with 12 ml of the irritant proteose
peptone at the time of oocyst inoculation. The other
10 served as control birds. In all experiments the birds
were caged individually and the feces passed duning
each 24-hr period beginning at 6 days PI were collected
scparately. The total number of oocysts in each 24-hr
collection was determined as described above. Total
oocyst production for a group is expressed as the mean
number of oocysts produced per bird in that group for
the period 6135 days PI.

RESULTS

In initial expernments irritant-injected birds
received 1.p. injections of proteose peptone at the
time of oocyst inoculation and at 24, 48, 72, and
96 hr P1. However, the results of these experi-

ments did not differ from those in which the
proteose peptone was injected only at the time
of oocyst 1noculation. Therefore, in all subse-
quent experiments irritant-injected birds re-
ceived only the first 1.p. injection of the desig-
nated irritant substance.

Effect of irritants on the development
of lesions

Intestinal lesions seen at 5 days Pl were less
severe 1n Irritant-injected birds receiving pro-
teose peptone than in control chickens (Fig. 1).
Mature second-generation meronts were seen in
histological sections from the intestines of con-
trol bird, whereas only very early, immature
meronts at the 72-hr stage of development were
present in the rritant-injected birds. Giving the
irritant as a single 1.p. injection at 0 hr PI or at
12 hr PI did not change the effects of the irntant
on the severity of the lesions (Fig. 1).

Similar results were obtained with several oth-
er 1ritants given 1.p. to chickens at the time of
oocyst inoculation. At 5 days PI, irritant-injected
birds given thioglycollate broth, starch, and
Sephadex had mean lesion scores of 1, 1.6, and
2.8, respectively, whereas control birds had a
mean lesion score of 5.

Development of meronts

The mean numbers of crypts infected with ear-
ly second-generation meronts in irritant-injected

TasLe II. The distribution of Eimeria necatrix in the crypts of chicken small intestine at 12, 24, and 48 hr
postinoculation in birds injected with an intraperitoneal irritant at the time of oocyst inoculation (1) and in control

(C) birds.
Hours postinoculation®
| 12 24 T 48
Numbers of parasites = S —
in Crypis | s I C l C

Sporozoites in IELT 0 44+ 41% 1.6 + 1.6 190 + 4.0 BO *+ 6.5 192 + 94
Sporozoites in epithelial cells 0 0 + 1.0 156 * 4.) 08 £ 99 186 + 7.7
Developing trophozoites in

epithehal cells 0 {0 0 0 8.8 + 8.7 736 = 45

* Birds inoculated with 5 x 10* cocysts. Four i.p.-injecied and 3 control birds killed at cach time interval.

f IEL = intracpithelial lymphocyie,
$ Mcan = | SD of parasites in 300 crypt-villus umits per chicken.
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FiGures 2, 3. Electron micrographs of the small intestine of chickens infected with Eimeria necatrix. 2.
Sporozoite (S) in villous epithelial cell at 3 hr PI. Disruption of microvilli indicated by arrow. 3. Sporozoite (S)
in intracpithelial lymphocyte (IEL) between villous epithelial cells seen at 6 hr PI1. Note pale cytoplasm and

irregular contours of IEL.

birds and control birds killed 72 hr PI are shown
in Table 1. The number of infected crypts in birds
given the irritant at the time of oocyst inocula-
tion (group 1) was significantly less (P < 0.01)
than in the control birds (group 4). When the
irritant injection was delayed for 24 or more hours

after the inoculation of oocysts (groups 2 and 3)
there was no significant reduction in the numbers
of infected crypts compared to control birds.
Sporozoite transport from villus to crypt: Spo-
rozoites were seen in villous epithelial cells as
early as 3 hr PI (Fig. 2) and in mononuclear cells
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FiGures4, 5. Electron micrographs of small intestine of chickens infected with Eimeria necatrix. 4. Sporozoite
(S) within intraepithelial lymphocyte between crypt epithelial cells at 18 hr PI. Note cytoplasmic granules of
IEL, parasitophorous vacuole around sporozoite, and mitochondria of the lymphocyte close to the membrane
of the parasitophorous vacuole. 5. Three sporozoites in crypt at 24 hr Pl. One sporozoite (S1) is within an
intraepithelial lymphocyte, the other 2 (S2, S3) are within crypt epithelial cells.

within the epithelium above the basal lamina
and between villous epithehial cells at 6 hr PI
(Fig. 3) in both imitant-injected and control birds.
At 12 hr PI they were in similar cells in the
lamina propria and a few were in the crypts in

control birds. From 18 hr Pl onwards, sporo-
zoites were seen in mononuclear cells between
crypt epithehal cells and within crypt epithelial
cells in control birds, but very infrequently in
irritant-injected birds (Figs. 4, 5). Significantly
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:S.: .- tissues taken from donor birds at various time
x intervals Pl are shown in Table I1I. Infection was
: .. transferable by gut scrapings, liver, and spleen
v from irritant-injected birds and control birds at
v all time intervals, and by blood and kidney ho-
g ¢ mogenates from these birds at a few time inter-
- vals. A few oocysts were passed by the recipients
a *| ¢/ of peritoneal wash taken 12 hr PI from the ir-
T */ ritant-injected birds. At 12 hr PI, liver and spleen
g 0 — T homogenates from control birds produced more

7 i 9 0 12 13

Doys After Inoculation

FIGURE 6. Mean daily oocyst output per chicken
in chickens given an intraperitoneal injection of pro-
teose peptone at the ume of oocyst moculation
(@——®) compared to that of controls (@~ ——@). Each
chicken was inoculated with 5 x 10* Eimeria necatrix
0OCYSLS.

fewer sporozoites were at the crypt by 24 hr Pl
in irntant-injected birds compared to control
birds (Table II).

Ultrastructurally, the mononuclear cells with-
in which sporozoites were found were granulated
and resembled lymphocytes (IEL; Figs. 3, 4). The
granules are bounded by a single unit membrane,
the cvtoplasm is pale, and contains sparse cy-
toplasmic organelles, e.g., small round mito-
chondna and the nucleus and the cell itself have
very irregular contours (Figs. 3, 4). Sporozoites
were not seen 1n any other type of leukocyte nor
were sporozoites seen free in the lamina propna.
Sporozoites within host cells were always seen
bounded by a parasitophorous vacuole. Further
morphological development of the sporozoites
was observed only within crypt epithehal cells.

Parasites found extraintestinally: Total num-
bers of oocysts found in the fecal samples of
recipient birds 611 days after the inoculation of

oocysts in recipients than those from irritant-
injected birds, while at the 36-hr interval, these
tissues from irntant-injected birds produced 3
times as many oocysts as those from the control
birds. In all transfers, the prepatent period was
normal and no oocysts were detected in the sen-
tinel recipients that were housed in the same
room as the experimental recipients.

Production of oocysts: Peak oocyst production
was delayed by approximately 48 hr in irritant-
injected as compared to control birds (Fig. 6).
However, the total numbers of cocysts produced
by irritant-injected birds in each of the 3 exper-
iments were not significantly different from those
produced by the control birds. In experiments 1,
2, and 3, the imtant-injected birds produced 1 x
10°, 1.9 x 107, and 2 x 107 and the control birds
produced 2 x 107, 1.8 x 107, and 2.6 x 10’
oocysts per bird, respectively.

DISCUSSION

Our results confirm the observations of Van
Doorninck and Becker (1957) that E. necatrix
sporozoites first enter villous epithehal cells of
the chicken small intestine and are transported
by mononuclear cells to the crypt epithelium
where they develop into first-generation mer-
onts. However, our ultrastructural studies indi-
cate that the host cell transporting the sporozoite

TasLe III. Output of cocysts of Eimena necatrix in feces of recipient birds 6-11 days after inoculation with tissues

obtained from infected donors.

Hours postinoculauon of donaors from which Lissues were transferred 10 reciprents

Tissue o o
mnoculated 12 24 36 45
o s S

reciplents [* Ct 1 i I C I &
Blood 0.031 1.10 0.14 0.06 0.04 0.00 0.00 0.00
Peritoneal wash 0.05 0.00 0.00 0.00 0.00 0,00 0.00 0.00
Spleen 0.15 0.42 0.10 0.50 0.74 0.21 No1 done
Kidneys 0.00 0.06 0.02 no7 0.02 0.00 0.00 0.00
Liver 0.14 0.76 2.11 0.52 |.47 0.76 0.73 0.65
Mucosa 297 1.47 $.29 Died Died 5.35 Died 12.73

* | = donors cach gaven an intraperitoneal inpection of 10 ml prolecose peprone at tume of cocyst inoculation.

t C = control donors
£ Number of oocvsts ¢ x [0%) n feces of recipients. representing the means of 3 replicate experiments.,
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1s a granulated intraepithelial mononuclear cell,
morphologically resembling the intracpithelial
lymphocyte described by Lawn and Rose (1982),
and not a macrophage, as suggested above. In-
direct evidence against sporozoite transport by
macrophages in E. tenella has been provided by
Lee and Al-Izz1 (1981). An intraepithehal lym-
phocyte has been implicated 1n the transport of
E. tenella sporozoites from surface to crypt ep-
ithelium in the cecum of the chicken (Lawn and
Rose, 1982). The mechanism(s) by which spo-
rozoites enter or leave 1EL’s 1s not known, but
all sporozoites seen by us within these cells were
bounded by a parasitophorous vacuole suggest-
ing some form of internalization of the sporo-
zoite,

Human intraepithelial lymphocytes were re-
viewed by Dobbins (1986) and rodent IEL’s by
Ernst et al. (1985). In the rodent, the granulated
intraepithelial mononuclear cell morphological-
ly recognized as a globule leukocyte 1s termed an
intraepithelial mast cell and the large granular
lymphocyte type cell and the smaller nongran-
ulated lymphocytes are all termed intraepithelial
lymphocytes and divided into 4 subsets on the
basis of their surface markers. The avian intra-
epithehal cells are not as well described or clas-
sitfied. Bjerregaard (1975), in the first compre-
hensive review of lymphocytes in the chicken
intestinal epithelium, classified them into 2 cat-
egories, i1.e., nongranulated intraepithelial lym-
phocytes and large lymphocytes with 1-5 gran-
ules. The identity of the avian globule leukocyte
1s 1n question. Until these cells are better char-
acterized, we will tentatively call the cells that
transport E. necatrix sporozoites, intraepithelial
lymphocytes.

Patent infections were produced in birds that
received blood, liver, spleen, and kidneys of do-
nor birds orally inoculated with large numbers
of sporulated oocysts indicating that these par-
asites travel outside the gut mucosa. Whether
they do within IEL in which sporozoites are found
in the mucosa is not known. We also do not know
what proportion of the parasites found in ex-
traintestinal sites return to the crypts to continue
their development. However, stimuli outside the
intestinal tract, 1.e., an irritant such as proteosc
peptone 1njected into the peritoneal cavity of
chickens at the time of oocyst inoculation can
delay sporozoite return to the crypt epithelium.

The intraperitoneal injection of an irritant
caused a delay in the time of peak arrival of
sporozoites at the crypts by about 24 hr. This

was reflected by a delay in the development of
intestinal lesions and in peak oocyst production.
However, the similarity in the total numbers of
oocysts produced by irritant-injected and control
birds indicates that sporozoites are not lost to
any significant extent during their travels in ir-
ritant-injected birds as compared to control birds.
Lawn and Rose (1982) found that after the in-
oculation of very large numbers of E. tenella
oocysts, only a fraction of the sporozoites that
enter the surface epithelium of the cecum reaches
the crypts. They suggested that this loss may be
caused by the shedding of sporozoites within ef-
fete enterocytes or by the destruction of transport
cells within the lamina propna, or by the devia-
tion of parasitized IEL into a different pathway
of migration. Our results indicate that a propor-
tion of this loss could take place in extraintestinal
sites.

Recently, Kogut and Long (1984) showed that
homogenates of liver and gut, but not spleen,
taken from chickens and turkeys 3 days after they
were dosed with a mixture of Eimeria species of
the chicken were infective to other chickens. Ex-
traintestinal dissemination of the sporozoites of
E. stiedai shortly after oral inoculation of oocysts
has been reported by several workers (Horton,
1967; Durr, 1972). Similarly, our results indicate
that extraintestinal migration by sporozoites of
Eimeria species may occur more frequently than
was previously believed.

Among other questions, one can ask: is the
normal fate of an IEL altered by the invasion of
a sporozoite; what mechanism(s) represses para-
sitic development while the parasite 1s within the
[EL; and is the contact of an IEL with a crypt
epithehal cell fortuitous? It is not known whether
sporozoites exert any influence on the migration
pattern of IEL, a cell whose route of migration
i1s not known with certainty at the present time
(Emst et al., 1985). We do know, however, that
an 1rritant such as proteose peptone injected in-
traperitoneally into chickens at the time of oocyst
inoculation or shortly thereafier overrides any
influence the sporozoites might have on IEL traf-
fic and delays the arrival of infected IEL at the
crypts. Leukocytes are known to migrate into the
peritoncal cavity soon after an irmtating sub-
stance 1s 1njected 1.p. Such methods have been
used to obtain large numbers of blood lcukocytes
(Mahmoud et al., 1975) and macrophages (Long
and Rose, 1976; Sabet et al., 1977; Trifonov et
al., 1977) from the peritoneal exudate of chickens
and other animals. Cells harvested from the per-
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itoneal cavity of irmtant-injected birds 12 hr PI
were able to induce infections when given orally
to coccidia-free chickens, indicating that infected
IEL are also attracted to this site. Development
of the first-generation meront of E. dispersa of
the turkey takes place in IEL within the villous
epithelium (Millard and Lawn, 1982) and not in
the crypt. Whether a similar delay in the devel-
opment of this species would occur as a result of
an intraperitoneally injected irritant i1s not known
and would be worthwhile investigating. Finally,
similar studies on other species of Eimeria that
are reported to be transported by leukocytes 1s
warranted. If these infected leukocytes are also
found to be attracted by irritating substances in
the peritoneal cavity, concurrent bactenal infec-
tions may have similar effects on the life cycles
of these Eimeria spp. and delay the development
of lesions and peak oocyst production. These
possibilities should be kept in mind during in-
vestigations of the life cycles of Eimeria spp.
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