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An immunohistochemical study of caecum tissue samples was
performed on chickens that had been infected with E. tenella when 14
days old. Using antibodies of rabbits against T-CD3 lymphocytes (DAKO
EPOS N0U 0026) and applying the direct peroxidase method, CD3 posi-
tive lymphocytes in caeca were marked. This lymphocyte subpopula-
tion , was localized in the lamina epithelial mucosa of the caecum. In-
creased immunoreactivity in the lamina epithelial mucosa of the cae-
cum and stroma of the lamina propria mucosa, was observed already
on the first day after infection with E. tenella, with the greatest intensity
occuring between the third and fifth day. These findings demonstrate
the existence of an early immunological response to infection caused
by E. tenella, that is cell mediated, which is one of its most important
characteristics.
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INTRODUCTION

Lymph tissue of the intestine consists of two types of formations, which are
different, both structurally and functionally. The first types of lymph formation con-
sists of single lymphocytes diffusely distributed in the epithelium and the lamina
propria of the intestinal mucosa (Lillehoj and Chung 1992). The second type of
lymph formation consists of lymphocytes clustered in nodes i.e. mucosal follicles
(noduli lymphatici) in the intestine membrane. Lymph nodes in the intestinal wall
appear separately (noduli lymphatici solitarii) or in groups of several together
(noduli lymphatici aggregati) that form Peyers patches and are localized in the villi
fur and submucosa (Lillehoj and Trout 1996).

The lymphocyte population of the intestinal mucosa of chickens is located in
two places. The first matrix is found in the intraepithelial region of the intestine, la-
beled as intraepithelial lymphocytes (IEL). The second group consists of lympho-
cytes localized inside the fur and called lymphocytes of the lamina propria (LLP)
(Arnaud-Battandier et al. 1980).

The entry of infectious types of Coccidia is connected with the mucosal re-
gions of the caecum rich with lymphocyte tissue, covered by the epithelium (lym-
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phoepithel), with a small number of entero-absorbent cells and a large number of
intra-epithelial lymphocytes. Although the phenotype of these lymphocytes is
similar to the phenotype of T cells on peripheral blood, intra-epithelial T lympho-
cytes are TCR gamma-delta and most of them release cytokines (IFN-gamma and
IL-5) (Kne`evi} et al. 1998).

IEL of birds are a heterogeneous cell population that includes of B and T
lymphocytes and NK cells (Lillehoj and Chung 1992), but T lymphocytes predomi-
nate. Most of them carry surface CD8 antigen receptors, which means that they
are cytotoxic lymphocytes that can have an important role in resistance to secon-
dary infections (Crago and Tomasi 1988). IEL show certain NK-activity, character-
istic of the intestinal mucosa of mammals and birds and it is more distinct in this
lymphocyte population than in lymphocytes of the lamina propria (Lillehoj and
Trout 1993). In infections caused by Eimeria it was demonstrated that NK activity
of IEL was of low intensity, but was still greater in than the NK activity of uninfected
chickens, which indicates that NK cells can contribute to parasite elimination
(Heyworth 1988). NK cell activity increases considerably against Coccidia in the
presence of cytokines, pointing out the important involvement of T-lymphocytes in
enhancing of the stimulating effects of NK cells on other cell populations. More
specifically, IEL play a very important role in local defense of intestinal mucosa
against coccidian invasion (Lillehoj and Bacon 1991; Dimitrijevi} et al. 1992). A
certain number of IEL in chickens were CD3+ and were detected as early as six
days after hatching (Rothwell et al. 1995).

Detailed immunohistochemical analysis of the intestinal tissue has shown
that CD3 lymphocytes are localized in the lamina propria and the epithelium with a
somewhat larger number in the epithelium. TCR1+ cells are primarily located in
the epithelium. On the other hand, TCR2+ cells are located mainly in the lamina
propria mucosa, and a minimal number can be found in the epithelium (Bucy et al.
1988).

None of the above mentioned subsets were found in the intestinal mucosa
of just hatched chickens and only occasionally were TCR1+ and TCR2+ cells visi-
ble in the intestine of three day old chickens. On the sixth day after hatching both
subsets are present, with TCR1+ cells dominant in the epithelium. TCR2+ cells
were very early detected in the lamina propria mucosa (Rothwell et al. 1995).

MATERIALS AND METHODS

1. Animals. This study was performed on a total of a 100 one day old broilers,
type “Hybro”. After a preparation period of 14 days, the broilers were divided into
two subgroups of 20 and 80 birds. Subgroup Ia was the control group, while sub-
group Ib, was inoculated at 14 days old with the E. tenella culture. With a plastic
probe directly placed into the crop 2ml inoculate containing 4 x 105 sporulated oo-
cysts of E. tenella was administered. A field type of E. tenella isolated from the
caeca of diseased poultry with prominent clinical symptoms was used.

In the subsequent seven days after infection chicken health was monitored,
as wel as the clinical state and the mortality dynamics of all animals in the study. In
the E. tenella infected subgroup, five birds were killed daily and a detailed pathoa-
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natomical examination made from the second to the seventh day after infection,
that is from the sixteenth to the twenty-first day of the experiment.

2. Specimen preparation. Tissue samples of caecum were taken for imuno-
histochemical testing, after fixation in 99,9% methanol, dehydration in a series of
alcohol rinses, clearance in xylol and insertion in paraffin. The paraffin embedeed
sections 3-5 �m thick were immunohistochemically treated.

3. Immunohistochemistry. Using the immunohistochemical direct peroxi-
dase method CD3-T lymphocytes in caeca of infected and control chickens were
marked, kit with antibodies of rabbits against human T-CD3 lymphocytes.

Tissue samples 3-5 �m thick, were fixed in 99.9% methanol (48h), proc-
essed in xylol (2x15min), then hydrated in a series of alcohol dilutions (100%,
96%, 70% and 50%) and rinsed in distilled water. After being blocked in endoge-
nous peroxidase (in 3% H2O2-5 min), the samples were rinsed in TBS (Tris Buff-
ered Saline, pH=7.5) for 3x5min, and then anti-CD3 antibodies were applied (Anti
CD3/HRP) for 60min, at room temperature, followed by rinsing with TBS for 3x5
min. The control samples were treated with TBS alone.

The reaction was visualized possible with a 0.05% DAB-H2O2 solution in
0.1M imidazole-HCl (pH=7.1) for 10min, and haematoxylin used for contrast
staining.

Lastly, the samples were covered in Canada balsam and prepared for mi-
croscopy.

RESULTS

The CD3-T lymphocyte set was labeled by using a commercial marker for
human T lymphocytes, and CD3 expression was established as a finely granu-
lated brown precipitant on the membranes and the T lymphocyte cytoplasm. The
differences in distribution of the cells thus marked depended on the day of infec-
tion.

On the second day after infection immunoreactive cells in the caeca of the
chickens were for the most part intraepithelially localized, in the surface epithe-
lium as well as in the epithelium of Lieberkuhn crypts. Rare, single, diffusely
spread marked cells were noticed in the stroma (Figure 1). This T cell population
was not observed in some locations of the lamina propria mucosa

On the third day after infection there was a considerable increase in marked
cells, localized in the epithelium of villi and Lieberkuhn crypts in the caeca of the
chickens, and occasionally in the stroma of the lamina propria mucosa. The great-
est concentration of immunoreactive cells was observed in the epithelial cells of
the lamina epithelialis.

On the fourth day after infection the CD3-T lymphocyte subset of cells was
found diffusely distributed in the epithelium of the Lieberkuhn crypts in the caeca
of the infected chickens. In the surface epithelium the immunoreactive cells were
rare or absent. In this stage of the infection the marked cells were almost evenly
distributed in the epithelium and the stroma of the lamina propria mucosa. Their
presence in this area of caecal tissue was more intense than on the previous day.
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An increased number of immunoreactive cells was observed, in the caeca
of the experiment animals, on the fifth day after infection. They were organized as
a diffused infiltrate and were localized intraepithelially (only at the bottom of Lie-
berkuhn crypts), because the surface epithelium was already completely necrotic
(Figure 2). In some of the Lieberkuhn crypts the immunoreactive cells were
grouped in clusters, most prominently in those glands whose lumen was com-
pletely closed, as a result of the intensive multiplication of their cells.
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Figure 2. Chicken caecum, 5th days after infection showing expression of CD3, DP, 20X

Figure 1. Chicken caecum, 2nd days after infection showing expression of CD3, DP, 20X



On the sixth day after infection, a reduced number of marked cells was ob-
served in the caeca of the infected animals compared to the previous days. The
diffuse infiltrate, mostly made up of immunoreactive lymphocytes, was localized
intraepithelially. In certain areas of the stroma the marked cells were partly distrib-
uted in a smaller number, while in other areas there were CD3 lymphocyte clus-
ters. In the preserved areas of the surface epithelium an immunoreactive cell sub-
population was also observed in the form of unevenly distributed cells that were
rare in the mentioned location.

On the seventh day of infection in the caeca of the chickens the number of
immunoreactive cells was further decreased. They were mostly located in the epi-
thelium of the Lieberkuhn crypts (because the surface epithelium was completely
damaged), and an occasional, diffusely distributed cell was observed in the
stroma.

DISCUSSION

The focus of this study was directed towards examining the immunological
cell response in the caeca of chickens artificially infected with E. tenella. In relation
to this, the behavior of the CD3-T lymphocyte subpopulation after artificial infection
with E.tenella was monitored , as a certain number of intraepithelial lymphocytes
of chickens is CD3+ and can be detected on the sixth day after hatching. It is as-
sumed that they play a significant role in the protection against Coccidia as they
perform an important function in stabilizing the antigen receptor and transduction
of the activation signal through the membrane and in the inside of the cell.

Our findings in the caeca of experimental chickens, support this possibility.
Thus on the second day after infection, the intraepithelial localized CD3-T lympho-
cytes showed a somewhat stronger immunoreactivity in comparison with the con-
trol group. CD3+ lymphocytes were present in the lamina propria mucosa as well,
although only individually. This results are in accordance with the findings of Bucy
et al. (1988), that also noted a slightly larger presence of the CD3-T lymphocyte
subset in the lamina epithelialis of the caecum.

In the caeca of the experimentally infected chickens the number of immuo-
reactive cells gradually increased. As a result, on the third day after infection they
were detected not only in the surface epithelium, but also in the deeper layers of
the Lieberkuhn crypts. There was an occasional increase in the number of positive
cells in the stroma of the lamina propria mucosa. On the fourth day after infection,
CD3 cells were diffusely distributed in the epithelium of the Lieberkuhn crypts,
while in the surface epithelium they were not detected, which is most likely a result
of the intensive necrosis of the lamina epithelialis of the caecum. A somewhat
larger immunoreaction in these animals was observed in the stroma of the lamina
propria mucosa. On the fifth day after infection the a predominant finding in the
caeca was immunoreactive cells in the form of a diffuse infiltrate in the lamina pro-
pria mucosa. CD3+ cells were seen only in the epithelial bottom of the Lieberkuhn
crypts, because the surface epithelium was completely necrotic.

Thus, the number of immunoreactive cells in caeca increased during the de-
velopment of the infection reaching a maximum between the third and fifth day af-
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ter infection. These results are in accordance with the reports of Bucy et al. (1988),
Rothwell et al. (1995) and Sharma (1997), who investigated the CD4 and CD8 lym-
phocyte subpopulations as well as CD3. They claimed that the CD4+ lymphocytes
are localized completely in the lamina epithelialis, while the CD8 lymphocytes
have a similar localization as the CD3 cells i.e. are found at the same time in the
lamina epithelialis and the lamina propria mucosa.

However, on the sixth and seventh day after infection, immunoreactive cells
were not observed in the epithelial layer in the caeca of the experimentally infected
animals, rather they were present only as a diffuse infiltrate placed subepithelially.
This finding confirms the results of Rothwell et al. (1995), which, in the same peri-
od, showed a decrease of immunoreactivity for the CD3. The partly established im-
munoreactivity of the lamina epithelialis in this stage of infection corresponds to
the findings in the control animals.

The evidence for the immunoreactivity of the caecal tissue confirme the exis-
tence of an early immunological response to infection caused by E. tenella, which
is cellular in character and has a major role in the defense of the host against this
causative agent.
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ISPITIVANJA DISTRIBUCIJE CD3-T LIMFOCITA U CEKUMIMA PILI]A
EKSPERIMENTALNO INFICIRANIH SA EIMERIA TENELLA

ILI] TAMARA, KNE@EVI] MILIJANA, DIMITRIJEVI] SANDA, NE[I] V i
ALEKSI]-KOVA^EVI] SANJA

SADR@AJ

Imunohistohemijska ispitivanja tkivnih ise~aka cekuma, izvedena su kod
pili}a koji su 14. dana starosti inficirani sa E. tenella. Kori{}enjem komercijalnih kit-
antitela kuni}a protiv T-CD3 limfocita i primenom metode direktne peroksidaze
(DP), obele`eni su CD3 pozitivni limfociti u cekumima. Navedena limfocitna sub-
populacija detektovana CD3 antitelom, lokalizovana je u lamina epithelialis mu-
cosa cekuma. Poja~ana imunoreaktivnost u lamina epithelialis mucosa cekuma i
strome lamina propria mucosa, zapa`ena je ve} prvog dana posle infekcije, sa
najve}im intenzitetom izme|u 3. i 5. dana. Ovakvi nalazi dokazuju postojanje ra-
nog imunolo{kog odgovora na infekciju prouzrokovanu sa E. tenella, koji je
}elijskog karaktera, {to predstavlja jedno od njegovih najva`nijih obele`ja.
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