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Abstract Eimeria bovis infections commonly have clinical
impact only on young animals, as homologous reinfections
generally are under immunological control. So far, the
nature of the immune responses delivering protection to calves
has not been investigated. In this study we therefore analysed
local and peripheral proliferative T cell activities of primary-
and challenge-infected calves and investigated the occurrence
of T cell phenotypes in the peripheral blood and in mucosal gut
segments isolated either by bioptic means or by necropsies. We
show that lymphocytes of E. bovis-infected calves exhibit
effective, transient antigen-specific proliferative responses in
the course of prepatency of primary infection but fail to react
after homologous reinfection suggesting early abrogation of
parasite development. Whilst in primary infection an expan-
sion of peripheral CD4+ T cells was observed, reinfection had
no effect on the proportions of CD4+, CD8+ subsets or
γδTCR+ T cells. In contrast, both E. bovis primary and
challenge infections had an impact on local tissue T cell
distribution. Primary infection was characterised by a CD4+ T
cell infiltration early in prepatency in ileum and later in colon

mucosa, whereas CD8+ T cells were only found accumulating
in the latter gut segment. Challenge infection led to infiltration
of both CD4+ and CD8+ T cells in small intestine and large
intestine segments indicating protective functions of both cell
types. In contrast, infiltration of ileum and colon mucosa with
γδTCR+ T cells was restricted to primary infection.

Introduction

Eimeria bovis infections cause important coccidian diseases
of cattle severely affecting animal health and profitability of
cattle industry (Daugschies et al. 1998; Daugschies and
Najdrowski 2005; Fitzgerald 1980). Clinical symptoms
related with bovine coccidiosis are usually restricted to
primary-infected calves as they develop protective immunity
against subsequent homologous infections.

In general, the termination of Eimeria spp. primary
infections as well as the control of homologous reinfections
rely on cellular adaptive immune reactions of the host
(Wakelin and Rose 1990; Zahner et al. 1994). However,
immunity against Eimeria spp. generally is species specific
(Rose 1973; Rose 1987) or even strain specific (Fitz-Coy
1992; Martin et al. 1997; Norton and Hein 1976; Shirley and
Bellatti 1988; Smith et al. 2002) and, in consequence,
protective cross immunity is rare. So far, cellular immune
responses against Eimeria spp. affecting cattle have scarcely
been investigated. Considering the few studies available the
first meront stage in E. bovis-infected calves—in contrast to
primary E. zuernii infections (Stockdale 1977)—seem hardly
associated with lymphocyte infiltration of the mucosa
(Friend and Stockdale 1980). However, lymphocytes of E.
bovis infected animals displayed enhanced antigen-specific
proliferative activities (Hermosilla et al. 1999; Hughes et al.
1988; Hughes et al. 1989), whilst non-specific reactions
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towards a mitogen seemed not influenced by infection
(Hermosilla et al. 1999). Data generated in rodent models
or avian eimeriosis showed gut infiltration with both
αβTCR+ T cells (Lillehoj 1994; Rothwell et al. 1995;
Vervelde et al. 1996) and γδTCR+ T cells (Findly et al.
1993; Rothwell et al. 1995). Studies with αβTCR T cell
deficient animals reveal these T cells as key actors (Roberts
et al. 1996; Smith and Hayday 2000b), whilst γδTCR+ T
cells seem of minor importance in the development of
immunity (Roberts et al. 1996; Rose et al. 1996). It appears
generally accepted, that primary Eimeria spp. infections are
predominantly controlled by Th1-associated reactions of
CD4+ T with whilst cytotoxic CD8+ T cells seem to be the
major effector cell type against challenge infections (Findly
et al. 1993; Ovington et al. 1995; Rose et al. 1992a; Shi
et al. 2001; Smith and Hayday 2000b). However, data
appear somewhat conflicting as depletion or defects of
CD4+ T cells did not influence primary avian E.
acervulina or murine E. papillata infections (Schito et
al. 1998a; Trout and Lillehoj 1996) but seemed essential
for protective immunity after challenge in murine E.
vermiformis and E. papillata infections (Schito et al.
1998a; Smith and Hayday 1998). Both CD4+ and CD8+ T
cell subsets were demonstrated to expand during primary
E. bovis infection (Hermosilla et al. 1999) and recent data
showing enhanced antigen-specific IFN-γ production in
prepatent E. bovis infections in calves suggest Th1-
dominated immune responses within this period of
infection (Taubert et al. 2008).

In this work, we investigate T cell-mediated immune
reactions of E. bovis primary-infected and challenged
calves with respect to antigen-specific proliferative activ-
ities and infiltration of T cell subsets in the parasite
affected mucosa. We show that T cells proliferate
effectively during a restricted time span during prepatency
of primary infection but fail to do so after challenge
suggesting early abrogation of reinfection. In accordance,
we demonstrate expansion of peripheral CD4+ T cells
during primary infection whilst after challenge neither the
proportions of CD4+ or CD8+ T cell subsets nor those of
γδTCR+ T cells were influenced. Overall, analyses of T
cell infiltration into parasitized gut mucosa suggest a
major involvement of CD4+ T cells in the termination of
primary infection and a role of both CD4+ and CD8+ T
cells in the control of reinfections.

Materials and methods

Animals

Calves were purchased from a local farmer at the age of
2 weeks, treated with Baycox® (Bayer) and Halocur®

(Intervet) in the second week after birth, tested for parasitic
infections, and when deemed parasite free, maintained
under parasite-free conditions in autoclaved stainless steel
cages (Woetho) until experimental E. bovis infection. They
were fed with milk substitute (Hemo Mischfutterwerke) and
commercial concentrates (Raiffeisen). Water and sterilized
hay were given ad libitum.

Parasite maintenance

The E. bovis strain H was maintained by passages in
calves. For the production of oocysts, calves were infected
at the age of ten weeks with 5×104 sporulated oocysts
each. Excreted oocysts were isolated from the faeces
beginning 19 days p.i. according to the method of Jackson
(1964). Sporulation was achieved by incubation in a 2 %
(w/v) potassium dichromate (Sigma) solution at room
temperature. Sporulated oocysts were stored in this
solution at 4°C until further use.

Sporozoites were excysted from sporulated oocysts as
previously described (Hermosilla et al. 2002). For in vitro
infections, bovine umbilical vein endothelial cells
(BUVEC) isolated and grown to confluence in endothelial
cell growth medium (Promocell) as described elsewhere
(Taubert et al. 2006) were infected with freshly isolated E.
bovis sporozoites (106 sporozoites/75 cm2 culture flask).
Culture medium was changed 24 h p. i. and thereafter every
second day. From day 18 p. i. onwards, E. bovis merozoites
I were harvested from culture as previously described
(Hermosilla et al. 2002).

Infections of animals, biopsies and necropsies

Four groups (A–D) of three calves each were used, aged
8–12 weeks. Groups A and B were orally infected on day 0
with 5×104 sporulated oocysts and challenged on day 48 with
3×104 sporulated oocysts. Group C experienced only the
primary infection. Group D served as non-infected control.
Shedding of oocysts was determined from day 18 p.i. onwards
by daily faecal examination (McMaster technique).

Biopsies were performed on days 8 and 40 after primary
and 8 days after challenge infection. Animals were sedated
with xylazine (0.1 mg/kg, i. m., Rompun®, Bayer) and
fixed in left lateral position. The incision site at the right
abdominal wall (approximately one hand proximally to the
tuber coxae) was infiltrated with procaine (2%, Procasel®,
Selectavet). Calves were then anaesthetised with ketamine
(3 mg/kg, i.v., Ursotamin®, Serumwerk Bernburg). Lapa-
rotomy followed standard surgery procedures. The Plica
ileocaecalis of the ileum and the Ansa spiralis coli were
advanced for withdrawal of the L. ileocaecales and L.
colici, respectively. Lymph nodes were fixed with a
clamp, removed and submitted to sterile medium (RPMI,
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1% penicilline/streptomycine) for subsequent lymphocyte
isolation. Draining vessels were ligated (Serafit®, Serag-
Wiessner) and mesentery defects were closed. Gut segments
(ileum on days 8 after primary and challenge infection, colon
on day 40 after infection) were advanced and the content in
the respective area was removed by massage. The gut was
then fixed with a clamp and mucosal samples were taken
using a biopsy punch (ø 8 mm, Stiefel Laboratorium GmbH)
and submitted to sterile medium. The mucosal defect was
closed according to standard surgical methods (Serafit®,
Serag-Wiessner) and checked for closeness. After flushing
(0.9% NaCl, 37°C), the gut was relocated and the wound
was sutured. Calves were treated with flunixin-meglumin
(2.2 mg/kg, i.v., Finadyne®, Essex) and procaine-penicillin
G (0.1 ml/kg, s.c. for 5 days, Animedica) and monitored.

Calves of group A and B were necropsied on days 60
and 74, respectively, i.e., 12 and 26 days after challenge
infection, those of group C 26 days p.i. and group D at a
corresponding age to group B. Gut mucosal tissue samples
(jejunum, ileum, caecum, colon) were withdrawn for
immunohistochemical analyses. Lymph nodes (L. jejunales,
L. ileocaecales and L. colici) were excised for immediate
lymphocyte isolation.

Preparation and cryoconservation of gut wall samples

Intestinal biopsies and half of the gut samples isolated at
necropsies were cryopreserved. The mucosal site of the
sample was applied to an equally sized cube of bovine liver,
covered with a drop of OCT reagent (Tissue-Tec®, Sankura
Finetec Inc.) and cooled in 2-methylbutane (15 s in liquid
nitrogen). The samples were wrapped in aluminum foil and
stored at -80°C until further use.

The second half of the gut samples obtained at necropsies
was fixed in 4% formaldehyde (Merck) in phosphate-
buffered saline for 24 h, dehydrated and embedded in
paraffin according to standard procedures.

E. bovis merozoite I antigen

E. bovis merozoites I collected from culture were homoge-
nized by repeated freezing followed by sonication (20 kHz,
5×15 s pulses) on ice. After centrifugation (11,000×g, 4°C,
20 min) the supernatants were passed through 0.2 µm sterile
filters (Renner). Protein concentration was determined using
the Bradford method (Bradford 1976). The E. bovis merozoite
I antigen (EbAg) was stored at −80°C.

Isolation of peripheral blood mononuclear cells
and lymphocytes

Calves were bled by puncture of the jugular vein on days 0,
4, 6, 8, 12, 15, 19, 26, 48, 49, 52, 54, 56 and 60 p.i. Blood

was collected in 50 ml plastic tubes (Nunc) containing
0.1 ml heparin (Sigma). For peripheral blood mononuclear
cells (PBMC) isolation, 20 ml of heparinized blood were
mixed with equal parts of 0.9 % NaCl. Four ml of the
mixture were applied on top of 3 ml Ficoll-Paque (density=
1.077 g/l, Biochrom) in glass tubes with an inner diameter
of 12 mm. After centrifugation [45 min, 400×g, room
temperature (RT)] the PBMC layer was collected and the
cells were washed three times (10 min, 400×g, 4°C) in
medium RPMI 1640. Viable cells (trypan blue, Sigma,
exclusion test) were counted in a Neubauer chamber.

For preparation of lymph node cells, lymph nodes were
cut into pieces and gently teased through sterile nylon
sieves (meshes of 180 µm; Reichelt Chemietechnik)
flotating in RPMI. After three washings (10 min, 400×g,
4°C), the cells were suspended in RPMI, supplemented
with 1% penicillin (Sigma), 5 mM glutamine (Gibco
BRL), 10% foetal calf serum (FCS, Biochrom KG) and
1.7 µl/500 ml 2-mercaptoethanol (Serva). Viable cells
(trypan blue exclusion test) were counted in a Neubauer
chamber.

Cells were either subsequently used in lymphocyte
proliferation assays or suspended in dimethylsulphoxide
(1% final concentration, Merck) in RPMI supplemented
with 10% FCS (Biochrom), pre-cooled (1 h, 4°C) and
cryopreserved in liquid nitrogen until required for flow
cytometry analyses.

In vitro stimulation of lymphocytes with EbAg
and lymphocyte proliferation assays

Freshly isolated PBMC or lymph node cells were resus-
pended in culture medium (CM), composed of RPMI,
2 mM L-glutamine (Sigma), 0.22% NaCO3 (Merck), 1 mM
2-mercaptoethanol (Sigma), 200 UI/ml penicilline (Sigma),
50 µg/ml streptomycin (Sigma) and 10% FCS. Cells (2×
105 lymphocytes/well, 96-well microtiter plates, Nunc)
were stimulated either with EbAg (10 µg/ml, 96 h), Con
A (5 µg/ml, Biochrom, 48 h) or plain RPMI. Cultures were
incubated at 37°C, 5% CO2 atmosphere and thereafter
pulsed for the final 16 h with 50 µl [3H] thymidine
(0.5 µCi/ml, Amersham). Subsequently, cells were har-
vested on glass-fibre filters using a 96-well cell harvester
(Skatron). After drying (60°C, 1 h), filters were saturated
with scintillation fluid (Roth) and radioactivity was mea-
sured in a β-liquid scintillation counter (Tri-Carb 2700 TR,
Packard Instruments).

Phenotypical characterization of T cells by fluorescence
antibody cell sorting

Frozen PBMC and lymph node cells were rapidly thawn,
suspended in V-shape bottomed 96-well microtiter plates
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(Nunc) at a density of 1×105 cells/well and washed three
times with RPMI (10 min, 150×g, 4°C). The cell pellet was
suspended in 60 µl of monoclonal antibody solutions (IL-A
11, directed against bovine CD4; IL-A 105, directed against
bovine CD8 or D86, directed against the bovine γδ+TCR;
all antibodies were kindly donated by C. Menge, Giessen)
and incubated for 30 min on ice. Thereafter, cells were
washed in 150 µl PBS and incubated in 50 µl FITC-
conjugated goat anti-mouse antibodies (1:200 in PBS,
20 min on ice; Dianova) supplemented with 1 µl propidiu-
miodide solution (2 µg/ml), washed twice in PBS and
transferred to plastic test tubes (Renner) previously filled
with 300 µl PBS. Immunofluorescence staining was
measured using a Coulter Epics Elite-FACS (Coulter
Electronic). Tests were performed in triplicates.

Immunohistology

For the detection of CD4+, CD8+ and WC1+ (=γδTCR+) T
cells 4 µm cryo section were dried over night at room
temperature on Superfrost plus object slides (Menzel-
gläser). Samples were fixed in ice cold acetone (10 min)
and dried. Endogenous peroxidase was inactivated in 0.5
% H2O2 (30 min, RT, Roth). After five washings in TBS
(5 min), samples were probed with primary monoclonal
antibodies (anti-bovine CD4, CC30: 1:5; anti-bovine CD8,
CC63: 1:200; anti-bovine WC1, CC15: 1: 100; all
Serotec) for 1 h (37°C, humidity chamber). After rinsing
the samples thrice in PBS, they were incubated in sheep
anti-mouse antibodies conjugated with peroxidase (1:50,
Amersham). Following three further washings in TBS
(5 min), binding was visualised by adding substrate
(0.048 g DAB, Fluka, and 800 µl 3% H2O2 in 80 ml
imidazole buffer, 3–5 min). After rinsing three times in
TBS (5 min) and once in aqua dest. (5 min), the tissue
probes were counterstained for 15 s in Papanicolaou solution
(1:10, Merck), washed in tap water (5 min), dehydrated
according to standard histological procedures and mounted
in Aquatex® (Merck).

Immunostained T cells were counted in ten randomly
chosen vision fields (200×magnification) placing the vision
field in a way that one half comprised the tip and the other
half the basis of a villus.

Statistical analysis

Statistical analyses used the programme package BMDP for
XP, Release 8.1 (Dixon, 1993). For the description of the
data arithmetical means were calculated. To describe the
variability of the data standard deviations were used. As
some statistical distributions of the original data were
skewed to the right, if necessary, arc-sine or logarithmic
transformation were performed to obtain an approximately

normal distribution of the values. In accordance to the
design of the experiments, data were compared by two or
three-factorial analysis of variance with repeated measures
(BMDP2V). Differences were regarded as significant at a
level of p≤0.05.

Results

E. bovis challenge-infected calves are immune

All E. bovis primary-infected calves shed oocysts beginning
on 19 days p.i. (Fig. 1). There was a rapid increase in
oocyst shedding from 20 days p.i. onwards with highest
amounts found 21–24 days p.i. Thereafter, oocyst shedding
rapidly decreased and ceased with 29 days p.i. Primary-
infected calves were immune to challenge infection and
hardly shed any oocysts (difference to primary infection: p
<0.0001). If at all, very few oocysts were found in the
faeces of challenged animals from days 20 to 24 p.i.
(Fig. 1).

E. bovis primary-infected calves exhibit antigen-specific
proliferative immune responses

PBMC of E. bovis primary-infected calves reacted to EbAg
only during prepatency (Fig. 2) and exhibited a short-timed
proliferative response on days 8–15 p.i. with maximum
reactions on day 8 days p.i. Non-infected control animals as
well as challenge calves failed to react to EbAg (difference
to primary infection: p<0.02; Fig. 2).

Enhanced proliferative activity of T lymphocytes in the
peripheral blood corresponded to reactions found in
draining lymph nodes. Thus, lymphocytes isolated from
L. ileocaecales of primary-infected calves on day 8 p.i.
showed signficantly enhanced antigen-specific T cell
proliferation, but failed to do so 12 days p.i. or 8 days
after challenge infection (Fig. 3). Lymphocytes isolated
from L. colici 40 days after primary and 26 days after
challenge infection also lacked antigen-specific prolifera-
tion (Fig. 3). Cells of non-infected controls never reacted
to EbAg (differences between infected animals 8 days
after primary infection and all other data: p<0.0001
−0.001; Fig. 3).

E. bovis infection does not modulate non-specific
proliferative T cell reactions

PBMC or lymph node cells responded to stimulation
with the mitogen Con A with significantly enhanced
proliferative activity (p<0.001). Responses varied irregu-
larly in all groups regardless of E. bovis infections (data not
shown).
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E. bovis primary infection leads to expansion of peripheral
CD4+ T cells whilst challenge infection fails to influence
the composition of peripheral T cell phenotypes

Phenotyping peripheral blood lymphocytes after primary
infection revealed expansion of CD4+ T cells beginning 15
days p. i. (p<0.0001), leading to a plateau-like time course
from 20 days p.i. onwards (Fig. 4). Challenge infection did
not influence the level of CD4+ T cells and the proportions
of CD4+ T cells in the blood of reinfected animals remained
stable (p<0.02, Fig. 4).

The proportions of CD8+ T cells did not expand after
primary or challenge infection and, however, seemed to be

reduced during prepatency of the primary infection when
compared to non-infected control animals (p<0.02, Fig. 4).
Challenge infection did not influence the level of CD8+ T
cells (Fig. 4).

The proportions of γδTCR+ T cells, as measured by the
detection of WC1 on lymphocytes, appeared decreased
throughout primary and challenge infection when compared
to non-infected control animals. Thus, γδTCR+ T cells
declined immediately after primary infection and remained
on a constantly decreased level until challenge infection
(Fig. 4). After challenge, the numbers of γδTCR+ T cells
increased, however, equal changes were detected in the
non-infected group (Fig. 4).

L. ileocaecales L. colici 

Fig. 3 Antigen-specific proliferative responses of lymphocytes
isolated from L. ileocaecales and L. colici of E. bovis primary- and
challenge-infected calves. Lymphocytes isolated from L. ileaocaecales
and L. colici of E. bovis primary- and challenge-infected calves (n=3,
black columns) and non-infected control animals (n=3, grey columns),
were stimulated in vitro with E. bovis merozoite I-antigen (10 µg/ml,
96 h). Proliferative T cell activity was measured by 3H thymidine
incorporation. Arithmetical means and standard deviations. SI=
stimulation index

Challenge 
infection 

Fig. 2 Antigen-specific proliferative responses of peripheral blood
mononuclear cells isolated from E. bovis primary- and challenge-
infected calves. Peripheral blood mononuclear cells, isolated from E.
bovis-infected calves (n=3, black squares) and non-infected control
animals (n=3, grey triangles), were stimulated in vitro with E. bovis
merozoite I-antigen (10 µg/ml, 96 h). Proliferative T cell activity was
measured by 3H thymidine incorporation. Arithmetical means and
standard deviations. SIstimulation index
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Fig. 1 Oocyst shedding of E.
bovis primary- and challenge-
infected calves. Calves (n=3)
were infected orally (5×104
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animal) and challenged after
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E. bovis primary and challenge infections induce local
cellular immune responses

Biopsies were taken to analyze local tissue responses
(infiltration of CD4+, CD8+ and γδTCR+ T cells) to meront
I formation in the ileum at 8 days after primary and
challenge infection and subsequent to oocyst excretion
40 days after primary infection in the colon. The data
suggest slightly increased numbers of these cell types in the
ileum at 8 days after primary and, more pronounced, after
challenge infection (Fig. 5) although differences generally
remained below a significant level. Only the numbers of
CD4+ T cells in challenged animals differed significantly (p
<0.02) from those of non-infected controls. More distinct
reactions were observed 40 days after primary infection in
the colon (Fig. 6). CD4+ T cells (p<0.02) and γδTCR+ T

cells (p<0.004) accumulated significantly when compared
to non-infected controls. The numbers of CD8+ T cells
seemed enhanced in infected animals, too, but appeared
rather variable overall.

Owing to technical reasons, analyses of tissues obtained
by necropsies had to be restricted to samples isolated
26 days after primary and 12 and 26 days after challenge
infection (Fig. 7). Overall, mucosal samples of challenged
calves showed significant more CD4+ T cells in the various
gut segments (p<0.005–0.05) than those of primary-
infected animals. There were, however, no significant
differences between animals necropsied 12 and 26 days
after challenge infection. Data depicted in Fig. 7 suggest a
similar tendency for CD8+ T cells, but significant differ-
ences between primary- and challenge-infected calves were
restricted to the jejunum (p<0.05). γδTCR+ T cell contents
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calves. Peripheral blood mono-
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did not differ significantly between the groups and gut
sections (Fig. 7).

Discussion

Infections of calves with suitable doses of E. bovis oocysts
resulted in rapidly increasing, approximately one week
lasting oocyst excretion as observed previously (Hermosilla
et al. 1999). Infected animals developed effective protective

immunity to homologous reinfection in accordance to Fiege
et al. (1992). We furthermore show that primary infection is
associated with a transient antigen-specific proliferation of
PBMC during prepatency, which is in agreement with
previous reports of Hermosilla et al. (1999). Transient
antigen-specific proliferative activities of T cells were also
reported for E. vermiformis-infected BALB/c mice (Wake-
lin et al. 1993) and E. tenella-infected chickens (Breed et al.
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logical analyses using antibodies directed against bovine CD4, CD8
and WC1 (=γδ-TCR-specific). Arithmetical means and standard
deviations

CD4+

0

100

200

300

400

n. i. 8 d p. i. 8 d p. chall.

nu
m

be
r 

of
 c

el
ls

/v
is

io
n 

fie
ld

CD8+

0

100

200

300

400

500

n. i. 8 d p. i. 8 d p. chall.

nu
m

be
r 

of
 c

el
ls

/v
is

io
n 

fie
ld

WC1+

0

50

100

150

n. i. 8 d p. i. 8 d p. chall.

nu
m

be
r 

of
 c

el
ls

/v
is

io
n 

fie
ld

Fig. 5 T cell subtypes in the ileum mucosa of non-infected, E. bovis
primary- and challenge-infected calves. Ileum samples of non-
infected, E. bovis primary-infected and challenged (each group: n=
3) calves were obtained by bioptic means at different time points p.i.,
fixed and subjected to immunohistological analyses using antibodies
directed against bovine CD4, CD8 and WC1 (=γδ-TCR-specific).
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1996) in prepatency and patency, respectively. The prolif-
erative activity was limited to the prepatency starting after
day 6 p.i. and leading to peak activity on day 8 p.i., which
means that the onset of these reactions coincides with the
beginning of parasite proliferation. Interestingly, this time
frame also overlaps with the first-time appearance of
parasite-specific antigens on the surface of infected host
cells (Badawy et al. 2010). Given that the host cells of E.
bovis during first merogony, endothelial cells, are, in
principle, capable of antigen presentation (Behling-Kelly
and Czuprynski 2007; Bosse et al. 1993; Knolle 2006;
Wagner et al. 1984) and can activate T cells in an antigen-
dependent manner (Epperson and Pober 1994; Pober and
Cotran 1991; Rodig et al. 2003), these data may suggest
early meront I-induced T cell reactivity.

Peripheral antigen-specific proliferative activities
during prepatency coincided with respective responses
of lymphocytes isolated from the draining lymph node (L.
ileocaecales) by bioptic means and with enhanced
antigen-specific IFN-γ production (Taubert et al. 2008)
suggesting an overall pattern of Th1 activity in this early
phase of infection.

The rapid decline of peripheral and local T cell reactivity
following 8 days p.i. may form part of mechanisms

allowing long term development of macromeronts in the
endothelial host cell. Interestingly, in animals infected with
other Eimeria spp. that replicate much faster and do not
develop macromeronts, e. g. in E. intestinalis-infected
rabbits, antigen-specific proliferative responses of lympho-
cytes indeed also coincided with the onset of meront
formation, but, in contrast, were even enhanced with
ongoing infection (Renaux et al. 2003).

The failure of lymphocytes to proliferate in response
to antigenic stimulation after challenge infection appears
surprising at a first view, although it is in concert with
other studies describing an impaired antigen-specific
lymphocyte proliferative activity after E. papillata
(Schito et al. 1998b) and E. vermiformis (Wakelin et al.
1993) challenge infections in mice. It may be explained,
however, by the fact that sporozoites or early intracel-
lular stages represent the targets of protective immune
effects in Eimeria spp. infections (Rose et al. 1992b; Shi
et al. 2001) resulting in a lack of T cell-stimulating early
meronts.

T cell subsets in primary infection were dominated by
CD4+ T cells which expanded beginning during late
prepatency/early patency and remained on an elevated level
throughout the observation period. According to these
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Fig. 7 Tcell subtypes in intestine
mucosa of E. bovis primary- and
challenge-infected calves. Differ-
ent groups (n=3, each) of E.
bovis primary-infected or
challenged calves were killed at
different days p.i. Different gut
mucosa samples (black
column, jejunum; dark grey
column, ileum; bright
grey column, caecum; white
column, colon) were fixed and
subjected to immunohistological
analyses using antibodies direct-
ed against bovine CD4, CD8 and
WC1 (γδ-TCR-specific).
Arithmetical means and standard
deviations
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findings and in agreement with reports in other Eimeria
spp. infections (Rothwell et al. 1995; Shi et al. 2001;
Vervelde et al. 1996), immunohistological analyses of
parasitized gut mucosa revealed infiltration of CD4+ T cells
early after infection (8 days p. i.) in the ileum and later after
infection (40 days p.i.) in the colon. The weak expansion of
CD8+ T cells observed in the peripheral blood of E. bovis-
infected calves by Hermosilla et al. (1999) could not be
verified in the present study. Proportions of CD8+ T cells
even decreased during prepatency in primary-infected calves
and returned to the level of non-infected controls during
patency. Accordingly, counts of CD8+ T cells were not
significantly elevated in the ileum mucosa at day 8 p.i.
However, the late CD8+ T cell infiltration of the colon
mucosa after all suggests an expansion of this T cell subset.

Although challenge infection was neither associated with
antigen-specific T cell proliferation nor with significant
CD4+ and CD8+ subset expansion in peripheral blood, both
subpopulations were found enhanced in the mucosa of the
small and large intestine of challenge infected animals
when compared with the situation after primary infection.
Again, infiltration with CD4+ T cells was detected earlier
after reinfection on day 8 post-challenge than accumulation
of the CD8+ subset, which was firstly found at 12 days after
challenge. Whilst CD8+ T cells have often been assumed to
represent the key cell type for control of challenge
infections (Rose et al. 1992a; Shi et al. 2001; Trout and
Lillehoj 1995; Trout and Lillehoj 1996), only some reports
point at a potential role of CD4+ T cells in protective
immune effects against challenge infections with Eimeria
spp. (Schito et al. 1998a; Smith and Hayday 1998).
However, both subsets are known to exhibit effective
cytotoxicity against intracellular apicomplexa (Denkers et
al. 1993; Kasper et al. 1992; Khan and Kasper 1996; Staska
et al. 2003) and may therefore both be considered as
important cell types for the control of E. bovis challenge.

Immunhistological analyses also revealed an infiltration
of γδTCR+ T cells during primary E. bovis infection in the
ileum and colon mucosa, while they did not accumulate in
the mucosal tissue after challenge infection. Gut infiltration
by γδTCR+ T cells was also observed in primary avian and
murine Eimeria infections (Findly et al. 1993; Rothwell et
al. 1995). Considering that these cells contribute to 40% or
more of PBMC in young calves (Wilson et al. 1996) this
cell type may be of particular importance in cattle. γδTCR+

T cells have a wide range of functions, such as immunomo-
dulation, cytokine production, cytotoxicicty and the regulation
of inflammatory processes (reviewed by Pollock and Welsh
2002). Due to their general accumulation in the gut mucosa, a
particular sentinel function is attributed to this cell type (De
Libero 1997). However, the precise role of γδTCR+ T cells in
Eimeria infections is still uncertain. On the one hand, Rose et
al. (1996) and Roberts et al. (1996) did not find a protective

role of γδTCR+ T cells in Eimeria vermiformis infections of
mice, on the other hand Smith and Hayday (2000a) report on
a higher susceptibility of E. vermiformis-infected αβTCR−/
γδTCR− mice to homologous challenge infection compared
to αβTCR- controls. Independent from this question, howev-
er, the anti-inflammatory efficacy of γδTCR+ T cells seems to
play a role at least in murine coccidiosis as γδTCR-deficient
mice showed strongly escalated intestinal damage after
primary E. vermiformis infection when compared with
wildtype controls (Roberts et al. 1996).

In conclusion, our data show distinct antigen-specific
proliferative T cell activities with exclusive reactions
occurring during primary E. bovis infection and a failure
after reinfection indicating early abrogation of parasite
development after challenge. Primary infection is charac-
terized by an early CD4+ T cell infiltration into the
intestine, whilst both CD4+ and CD8+ T cells accumulate
in intestine mucosa of challenged animals. In contrast, gut
infiltration with γδTCR+ T cells was restricted to primary
infection. Overall, these data promote a better understand-
ing of peripheral and local adaptive cellular immune
responses of E. bovis infections and call for functional
analyses of T cell subsets in ruminant Eimeria reinfections.
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