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ABSTRACT: The present study was undertaken to investigate the local immune response which is produced in the caccal lymphoid tissue of chickens
infected with Eimeria tenella at | day of age. Both How cytometric analysis and immunohistochemical staining on frozen sections were carried out
using specific nonoclonal antibodies against chicken feukocytes, monocytes/macrophages. cells expressing CD4 and CD8 antigens, 1.2 containing
cells. and Ig svnthesizing cells, In correlation, anti-£. tenella immunoglobulin synthesizing cells were also studied. In the cuecal lymphoid tissue of
parasitized chickens, we could observe an increase in both macrophages (68.17 cells) and CD47 T cells from 24 h postinlection onwards, whereas

CD8 T cells significantly increased on day 5. No such increase could be observed in uninfected birds. The subsequent appearance of specific anti-

body -containing cells was detected from day 5 onwards.

Ky WoRps: Sporozoa, Eimeria tenella, B cell. CD4 cell. CD8 cell. IL2. macrophages.

INTRODUCTION

Coccidiosis, which is caused by obligate. intracellular.
protozoan parasites belonging to several species of the
genus Limeria. is a major problem for the poultry in-
dustry. Currently, the disease, which is controlled by the
use of prophylactic chemotherapy, costs the broiler chic-
ken industry wordwide approximately two billion dol-
lars per annum (BHOGAL er al.. 1992). The ditficulties
and expenses involved in the development of new che-
moprophylactic agents. drug resistance and residue pro-
blems. justify the development of  immunological
prophylaxis. Avian coccidiosis vaceine gives prolection
against the pathogenic cffects of coccidial infection, but
it does not induce an absolute immunity to infection.
Thus. the vaccine for coccidiosis has the disadvantage
that. unless the dosing of very large numbers of birds is
carcfully controlled. there is a possibility that the parasi-
tes will cause disease as they recycele through animals
which have been insufficiently immunized. As a conse-
quence. the immunological aspects of the host-parasite
relationship are currently receiving more attention. Nu-
merous reports have considered a multitude of questions
related to the protective immunc response. which is in-
duced during an experimental Limeria infection in 4-6

week-old chickens. These include the type of effector

cell involved in resistance (LILLEHOJ & BACON, 1991),
the cells involved in both the transport ol the parasite
(LAWN & ROSI:, 1982) and the presentation of the anu-
gen (DEL CACHO er al.. 1993a). as well as the protective
antigens recognized (DANFORTH & AUGUSTINE, 1990).
However. chickens are vaccinated against coccidia by
once week ol age. This makes it convenient to increasc

our knowledge regarding the immune mechanisms in-
volved in the gut immune response shortly after hatch.
However, little. if any, information has been published
concerning the role of the immunocompetent cells in Ei-
meria lenella infection during the first three weeks of
life. On the other hand. previous studies have reported
an age-related maturation ol the gut-assoctated lymphoid
tissues (BEFUS ef al., 1980: JEURISSEN. JANSE & KOCH,
1988a; LILLEHOJ) & CHUNG, 1992). Therefore. one may
assume that the capability ot chicks during the early
days of life to evoke an immune response is different
from that ol 4-6-week old chickens. These considera-
tions have prompted us to study the dynamic changes
that the cell populations involved in the mucosal im-
mune response to coceidia undergo, following an E. fe-
nella infection at one day of age. For this purpose we
have combined both tlow cytometry and in situ immu-
nohistochemistry. using a panel ol chicken-lymphocyte-
specific monoclonal antibodies.

MATERIAL AND METHODS

Animals: Male and {emale one-dav-old Leghorn chickens were
obtained from a commmercial hatchery und reared and maintained in
clevated wire-floored coceidia-iree cages until used in the experi-
ments. Periodical faccal examinations for oocysts were made to as-
sure freedom from infection prior to experimental use. No cocei-
dial or antibiotic compounds were present in the food, The
chickens were killed by cervical dislocation.

Parasite: An Limeria tenella line was originally obtained from
Merk. Sharp and Dome (Madrid, Spainj. Chickens were infected
with sporulated oocysts. stored in 2.3% potassium bichromate solu-
tion for less than 4 weeks. by oral innoculation into the crop. The
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methods used for the maintenance and preparation of” oocysts for
inoculation have been described in the literature (LONG ¢ al.. 1976).

Experimental design: A otal ol one hundred and twenty 1-day-
old chickens was used. The birds were randomized into 2 groups
ol 60 chickens with equal mean weight. The chicks in the first
group received a single dose of 100 oocysts 24 hours after hatch
(day 0). The second group (control group) consisted of unintected
chickens. Ten chickens from cach of the grouaps were killed and
the distal and proximal (containing the caccal tonsil and lymphoid
nodules) arcas of the cacca were removed on days 130 5.7, 14
and 21 postinfection (p.i.). The right distal and proximal caccal
samples from cach chicken were used tor flow cyvtometric studies
and the lett caccal samples were routinely processed Tor light mi-
croscopy examination. For this purpose samples of the caccal ton-
sils and lvmphoid nodules in the proximal caccum (Der. CACHO ef
al.. 1993b). as well as samples of the distal caccum were cither fro-
zen in liquid nitrogen or fixed in Bouin's liquid for 90 minutes.

Flow cytometric analysis: Cell suspensions were obtained from
the mucosa of both the distal and proximal (caecal tonsil and mu-
cosa associated lymphoid nodules) cacea by passing the tissues th-
rough a wire mesh, followed by centrifugation over Ficoll-Hypa-
que gradient in order to remove dead cells. red blood cells. and
eptthelial cells, Final cell viability . determined by trypan blue ¢x-
clusion. was >904% for all tissue samples. Cell suspensions from
the mucosac of the distal and proximal caccum were prepared in
ice-cold phosphate-buftered saline (PBS). pH 7.2, supplemented
with 3% newborn calf serum (NCS) and 0.01% NaN; (PBS-NCS).
The leukoeytes (2x107) were incubated on ice for 30 min with 0,03
ml of the lollowing monoclonal antibodies: CVI-ChNL-68. 1 (spe-
cific for chicken monocytes and macrophages) (JEURISSEN ¢f al.,
1988b). and anti-CD4 and -CD8 (CHAN er al.. 1988). Aflter was-
hes. a second incubation was carried out with 1:100 dilution of
fluorescein-conjugated rabbit anti-mousc immunoglobulin (Dako
Laboratories. Denmark) for 30 min. Cell suspensions were analy-
sed using a FACScun (Beckton Dickinson. Mountain View, Ca).
Dead cells were excluded by propidium iodine staining. A wotal of
5000 gated leukocytes. on the basis of forward and side light scat-
ter. were analysed tor cach sample. using Lysis 11 software (Dako
luboratorics).

Immunobistochemistry: Cryostat sections (8 um thick) of frozen
caceal samples were picked up on glass slides and stored at room
temperature. The slides were fixed for 10 min in 100% acctone and
air-dried. Endogenous peroxidase was inactivated with a solution
of 0.5% hydrogen peroxide in ethanol for 30 min at room tempera-
ture. The shdes were then washed in buffer and incubated in nor-
mal swine serum for [0 min. followed by incubation with CVI-
HIS-C7 (chicken leukocyies) (JEUrIssEN er al.. 1988). or with
cither ol the above mentioned monoclonal antibodies. 68.1, anti-
CPH4 and -CD8. The sections were incubated with a biotinylated
anti-mouse antiserum (Vector Laboratories. Burlingame. Ca) tor
30 min. Avidin-biotin peroxidase complex (Vector) was applicd
tor 45 min. and the peroxidase reaction developed with diamino-
benzidine (DAB) and hydrogen peroxide solution (20 mg DAB in
100 ml 0.05 M TRIS-HC1 bufter pB 7.6 containing 0.005% H50-)
for 5 min.

Paraffin scctions (3-7 um) of Bouin's liquid-fixed tissues were
used to detect 1gG. 1gM. and IgA synthesizing cells at the ight mi-
croscopic level. Deparatfinized seetions were rinsed in PBS (pH
7.2). and endogenous peroxidase was inactivated us described
above. The slides were incubated n normal swine scrum for 10
min. tollowed by incubation with either antichicken-1gG. -1gM. or
-le A (INC Imimune-Biologicals. Lesliel 1) as primary antibody at
a 110000 dilution. cach for 18 h at 47 C. Then. paraffin scctions
were treated following the procedure mentioned above, which was
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applied to cryostat sections. The slides were counterstained with
hematoxylin and mounted.

IL2 mRNA containing cells were detected by in sitie hybridiza-
tion using a digoxigenin-labelled double stranded DNA probe (168
bp) obtained by PCR from rat [1.2 mRNA.

Serial frozen tssue sections were cut at three levels from cach
sample tor in sine hybridization and were immediately tixed in 4%
paralormaldehyde pH 7.2 for 60 minutes. The sections were perme-
abilized with 0.1 triton X-100 and dchydrated in graded cthanol.

The denatured labeled DNA was mixed with 30% formanude.
0.6M NaCl. 50 mM Tris, S mm EDTA, 10 mg/ml denatured he-
rring sperm DNAL 10 mg/ml t(RNA.

Twenty-five ml of hybridization solution was applied to cach
shide. Hybridization was carried out for I8 h at 377 € in a humidi-
fied chamber. Endogenous peroxidase was inactivated with a solu-
tion of 0.5% hydrogen peroxide in cthanol for 30 minutes at room
temperature. The slides were incubated in normal swine serum for
10 minutes. followed by incubation with an anti-digoxigenine mo-
noclonal antibody which was produced in sheep. The sections
were incubated with @ biotinylated anti-sheep antiserum (Vector
Laboratories, Burlingame, Ca) for 30 minutes and the peroxidase
reaction developed as described above.

Detection of anti I:. tenella antibody producing cells: In order to
cnumerate the cells secreting anti-E.tenella antibodies of the 1gG.
[eALand IgM isotvpes, an agarless monolayer hacmolytic plague
technique. as modilied for the chicken system by MULLER. SATO &
Grick (1971) was employed. The reaction mixture consisted of 0.8
ml of 3% antigen coated sheep red blood cells (SRBC) in Hunk's
balanced salt solution (HBSS). 0.1 mi of fresh normal chicken se-
rum as a complement source, 0.1 ml of caccum cell suspension
(3.0X 10" cells/ml) in HBSS. and 300 ul of antichicken-IgG or -
TeA. A measured amount (14.5 pb) of reaction mixture was drop-
ped onto a modified microscope slide (JEURISSEN er af.. 1988) and
incubated at 377 C for 30-40 min. The results were expressed as
the number of plaque-tforming cells (PFC) per 10° fvmphoid cells.
The antigen used Lo coat the SRBC was obtained as deseribed by
VERVELDE. VERMEULEN & JEURISSEN (1992). Brielly. sporulated
oocysts of E. renella were suspended in a solution containing
phenylmethylsulfonyl fluoride and broken by shuking them with
¢lass beads for 5 min. The antigen wus obtained by sonication of
this suspension on ice. The suspension was then incubated with
0.1% TX-100 for 1 h on ice and clarified by centrifugation at 3500
o. The antigen was coupled to SRBC using a solution ol chromic
chloride in 0,15 M NaCl at a concentration of 10 mg/100 ml.

Statistical analysis: Data were analysed by factorial analysis of
variance. Differences between means [or multiple comparison
were assessed by Duncan’s New Multiple Range Test with statisti-
cal signiticance inferred at P < 0.005.

RESULTS

Flow cytometric analyses of the lymphoid
tissue from the proximal caecum

The data referring to the caecal tonsil and lymphoid
nodules in the proximal caeccum are shown in Fig. 1. In
contro} chickens, from day 1 to 3 weeks of age, the per-
centage of CD4", CD8’, and 68.17 cells increased in the
caecal tonsil and lymphoid nodules in the proximal ca-
cca (Fig. ). CD4" cells gradually increased after hatch.
and on day 21 they made up 15.3% of the total cells
(Fig. 1). The percentages of CD8™ cells, which increased
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slowly during the first week of life. were lower than
those of CD4" cells (Fig. 1).

In infected chickens. the increases in the percentages
of the cell populations in the mucosa of the proximal ca-
cca were paraliel to those found in controls, but at all
sampling times the numbers of lymphoid and non-lymp-
hoid cells were higher in infected chickens than those in
controls (Fig. 1). The percentage of CD4™ cells increased
with time p.1.. reaching a maximun value on day 21. No
significant difterences in the proportion of CD8" cells
were found between parasitized and control chickens un-
til day 7. On day 7 the values of CD8" cells in parasitized
chickens significantly increased. reaching a maximum
on day 14 with a subsequent decline to day 21. whereas
the number of CD8" cells in controls constantly increa-
sed until the end of the experiment on day 21.

Flow cytometric analyses of the lymphoid
tissue from the distal caecum

The data referring 1o the distal caccuin are presented in
Fig. 2. In control chickens, the development of the lymp-
hoid tissue in the distal caecum was significantly lower
than that in the proximal region. Indecd. during the first
week of life, there wus an almost total absence of posi-
tive CD4. CDS. and 68.1 cells in the distal caeca of the
control chickens (Fig. 2). What is more, twenty-one days
after hatch. the pereentage of Iymphoid and non-lymp-
hoid cells in the distal caeca was markedly lower than
that found in the proximal region.

days postinfection

~ Percentage ol 68.17. CD4", and CDE” cells in the lymphoid tissue of the distal cacca of Fineria-infected (D) and control chickens
~ach bar represents the mean £ s.d. Significant diferences between both groups are marked as = (P <0.005).

Significant differences between control and parasiti-
zed chickens in the proportion of 68.1° or CD4 " cells oc-
curred during the first week p.i. The proportion of both
CD4" und 68.1° cells reached maximum values on day 7,
gradually declining during the second and third weeks
p-1. The percentages ol CD8” cells did not show any sig-
nificant variation with respect to the conteol values until
day 5. The percentage of CD8* cells reached a peak on
day 7, declining sharply thercafter.

Anti-E. tenella immunoglobulin synthesizing cells

The data referring to the cells capable of producing
anti-E. tenella antibody in infected chickens are given in
Fig. 3. No [g-synthesizing cells were tound before day 5
p.i. in the lymphoid tissue of either the distal or proximal
cacca. The numbers of 1gG- and [¢gM-producing cells did
not significantly increase until day 5 p.i.. and those of
lgA-producing cells did not incrcase until day 7. On day
5. the predominantly produced 1sotype was IgM, but in
the following days IgG-producing cells became the most
frequent Ig-synthesizing cell. in both the proximal and the
distal caccum. The number of IgM-producing cells was
slightly higher than that of [gA-producing cells in both
caecal regions, although the difference was more evident
in the proximal caecum (Fig. 3). However. the total num-
ber of anti-£. tenella antibody producing cells was
roughly ten times higher in the distal than in the proximal
caecum (Fig. 3). Maximum numbers for either 1¢M-,
IgG-. or IgA-producing cells occurred on day 21 p.i.
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Fig. 3— Number of anti-£. tenella antibody synthesizing cells in
the distal and proximal cacca of chickens after £. renella infection.
(D = IgM-synthesizing cells: (L)) = [gG-synthesizing cells: () =
leA-synthesizing cells. Each bar represents the mean + s.d.

(Fig. 3). The uninfected chickens (controls) did not have
cells which synthesized specific lgs against E. tenella.

Distribution of cells involved in the immune
response to E. tenella in the caecum

Hardly any lvmphoid tissuc was observed in the distal
caeca of the uninfected chickens. where no lymphoid fo-
Ihcles were seen (the lymphoid tissue in the cucca is
mainly located in the proximal cacca). Theretore, almost
no cells were found in the distal cacca stained with any
of the antibodies used.

Twenty-four hours after infection, His-C77 cells. a few
of which were T cells expressing either CD4 or CDS.
were observed around the end of crypts as isolated ag-
gregates scaltered throughout the lamina propria of the
distal caccum (Fig. 4A). On days 3 and 5 p.i.. the schi-
zonts were surrounded by numerous 68.17 cells (Fig. 4B)
and a few mRNA L2 containing cells (Fig. 4G). whe-
reas CDE™ and CD4* cells rarely appeared near the para-
site (Fig. 4C.D). Also in the distal caccum. numerous
CD8" cells were found in the submucosa close to blood
vessels, whereas they were very limited in the mucosa
(Fig. 4C). CD4" cells were abundant in the deep region
of the Tamina propria in the distal caccum close to the
submucosa and also appeared in the submucosa in asso-
ciation with the blood vessels (Fig. 4D). By contrast. on
day 7 CD4™ cells were found accumulated around the
crypts. where oocysts were observed within the cpithe-
hal cells lining the lumen (Fig. 4E).
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In the lamina propria of the proximal caccum, aggre-
gates of His-C7" cells were scen on days 3 and 5 p.i.
Most ol these positive cells were g containing-cells and
CD4" cells. CDS’, 68,17, and mRNA [L2 containing
cells were also found in the above-mentioned cell aggre-
gates. On day 7 p.i.. in the distal caccum, [g containing
cells, CD8 cells (Fig. 4F). and [L2 containing cells infil-
trated the lamina propria. There was a great density of
CDS8' cells around the crypts which were invaded by the
parasite (Fig. 4F). Furthermore, CD8" cells were seen
between enterocytes (Fig. 4F).

As carly as 7 days p.i. parasitized chickens exhibited
germinal centers deep in the lamina propria of both the
proximal and the distal caecum. These germinal centers
contained 1gG-. IgA-. and lgM-producing cells. In con-
trol chickens. germinal centers did not appear until day
21. On days 14 and 21 p.i.. the presence of occasional
epithelial cells showing cytoplasmic immunostaining for
either [gG or IgA was detected (Fig 4H).

DISCUSSION

The carliest event that the authors observed in the cu-
rrent results was the accumulation of His-C77 cells
around the crypts of the distal caccum 24 h p.i.. coupled
with a limited number of CD4” and CD8™ cells in this lo-
cation. This is due to the fact that the invasion of the spo-
rozoites causes the accumulation of inflammatory cells
such as macrophages, neutrophils and mast cells. ROSE,
WAKELIN & JOYSEY (1989) and JOYSTY., WAKELIN &
RosI: (1988) have suggested that the inflammatory cells
are not responsible for the immunity against Eimeria.
Therefore, the concentration of flammatory cells may
be unimportant in the destruction of the parasite. alt-
hough the mflammatory response is a significant event
in coccidial infections (FERNANDO, 1982).

Our results indicate that the schizonts were observed
at the sume time as three cellular events: ) the macrop-
hages were very close to the schizonts and even surroun-
ded the parasite; 2) the IL2 synthesizing cells increased
in number; 3) the T cells expressing CD4 or CDS anti-
gens inereased i number. The capabtlity of the mero-
zoite and schizont antigens to promote the proliferation
of T lymphocytes is well-known (L1LLEHOI, 19861 MAR-
TIN & LiLrenors, 1993). Three steps are necessary for T
cell proliferation: a) the interaction of the la-bearing
cells with the antigen: b) the release of 111 from this cell
and the response of a T cell to this factor; ¢) the release
of 1.2 from the cell mentioned in step b and the response
of the potential effector T cell to 1L2 (SCHNETZLER ¢t
al.. 1983}, Therctore, it is likely that a relationship could
exist between the three above-mentioned cellular events
and the presence ol schizonts of both [irst and sccond
generation, the latter being a more immunogenic stage.
The macrophages could process the merozoite and/or
schizont antigens, present these antigens in assoctation
with MHC molecules to the T cells. and release L1
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Fig. 4 — Distribution of positive cells in the distal cacca of chickens infected with 100 oocysts at [ day of age. A) His-C77 cells 24 hours
p.i.: B) 68.1° cells 3 days p.i.z schizonts shown by arrowheads: C) CD8” cells 5 days p.i.: D) CD4” cells 3 days p.i.: E) CD4” cells 7 days
p.a.: F) CD8™ cells 7 days p.i.: G) mRNA IL2 containing cells (arrows) 5 days p.i.: schizonts shown by arrowheads: H) 1gG™ cells 14 days

p.i. Scale bars: A, B. C. D, E. F =600 um: G = 300 um; H = 400 uym.

Those T cells that had recognized the antigens would re-
lease IL.2.

The major function of 1L.2 is the activation of a variety
of cells in the immune system, including helper T cells,
cytotoxic T cells. B cells. macrophages. natural killer
cells, and lymphokine-activated killer precursors. In ad-
dition to acting in a paracrine fashion, L2 is also able to
act as an autocrine growth factor. Autocrine stimulation
enables rapid clonul expansion of antigen-activated cells

(DELVES & RQITT, 1992). The finding that up to 7 days
p.i., CD4" and CD8” cells were more numerous in the
area where the schizonts were observed suggests that
these T cells expressing CD8 and CD4 reached that area
from the blood vessels in the submucosa. Thus, the in-
crease in the numbers of CD8* or CD4” cells. which was
observed in the distal caecum, may be a consequence of
the accumulation of migrating cells from outside the la-
mina propria. However, in subsequent days the increase
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in the number of these T cells could be a consequence of
proliferation induced by IL.2.

The maximum numbers of CD4™ and CD8" cells were
observed in the distal caccum on day 7 p.i. Besides,
these cells appeared around the crypts. and [L.2-releasing
cells were detected among the cells expressing CD4 and
CD8 antigens. Taken together, these findings indicate
that. at this stage of infection. there could be a relations-
hip between CD4" and CDS8" cells. in the scnse that
CD4+ cells could influence cytotoxic T lymphocytes to
induce the cytolytic activity of the CD8 cytotoxic T
cells. This hypothesis is in accordance with the data re-
ported by ROSE. JOYSEY & HESKETH (1988) on the role
of CD4 cells in controlling infection with Eimeria.

Although the cell-mediated immune response plays
primary role in the protective immune responsc Lo cocei-
diosis (ROSE, 1982; LILLEHOJ & TROUT, 1993), defense
against Eimeric is also due to humoral imnunity. Indeed.,
we found appearance of germinal centers and increase in
the number of specilic anlibody-producing cells on day 7
p.i. Although the work of Davis. PARRY & PORTER
(1978) suggests that the intestinal secretory [gA system
plays an important role in the protective immune res-
ponse to E. tenella, we found a higher number of 1gG-
synthesizing cells than those synthesizing IgA. In addi-
tion. our results show that 1gG is transported through the
enterocytes into the caccal lumen. The IgG has biological
characteristics which are not shared by the IgA, such as
the capacity to activate the classical pathway C and an ef-
ficient localization in follicles (KL.AUS ef af.. 1980). as
well as the capacity to activate the antibody-dependent
cell-mediated cytotoxicity (ROITT. BROSTOFF & MALE.
1986). In the light of this report and through our findings,
we suggest that, in the gut, the [gG may play an impor-
tant role in anticoccidial immunity. This is in accordance
with previos studies by DL CACHO et al. (1993) and
SHAWKY, SalF & McCORMICK (1994) who have reported
that the IgG could have an important functional signifi-
cance in the protection of mucosal surfaces.

Our results show that although the number of specitic
antibody-synthesizing cells increased after the parasite
disappeared from the gut, the number of CD4* and CD&*
cells dramatically decreased.

As the disappearance of the parasite means the ab-
sence of antigen (o stimulate T cells, this result is in
agreement with the observations of GRAY & MATZIN-
GER (1992), who have reported that the maintenance of
cytotoxic T-cell memory requires the continuous resti-
mulation by antigen, but argues against the proposal of
MULLBACHER (1994) that the longevity of T cells is all
that 1s needed for the cytotoxic T-cell memory response
to be maintained.
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